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Four t hednt hcoBld bate, m\h‘ttatmgslmeﬁgﬁseﬂses Each year in the United States, there are about
~ 300,000 annual hospitalizations for liver failure. Liver transplants are curative for some
forms of liver failure, and approximately 4800 transplants are pcrfbrmed a year in the
United States. One of the limiting factors in liver transplantation is the availability of
donor livers especially given the constraint that donor livers for organ transplantation
15 must originate from patients having undergone brain death but not heart arrest. Livers
from cadaveric (asystolic) donors have not been successful, although recent efforts to use
such donors have supported the possibility of using them if the liver is obtained within a
half hour of death.

Cell transplantation into the liver is an attractive alternative therapy for most liver

20  diseases. The surgical procedures for cell transplantation are minor relative to those
needed for whole organ transplantation and, therefbrc, can be used in patients with
various surgical risks such as age or infirmity. The use of human liver cells is superior to
liver cells derived from other mammals because the potential pathogens, if any, are of
human origin and could be both better tolerated by patients and easily screened before

25  use.

Attempts have been made in the past to obtain the hepatic progenitor cell
population, suggested to be the most versatile population for cell and gene therapy of the
liver. U.S. Pat. Nos. 5,576,207 and 5,789,246 to Reid et al. who utilizéd cell surface
markers and side scatter flow cytometry to provide a defined subpopulation in the liver,

30  Hepatic progenitors are diploid cells that themselves or their progeny are capable of
differentiating into hepatocytes.

Liver progenitors are also extremely useful for production of growth factors.

These could be associated with their own growth or that of other progenitors in the liver
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10 mature liver cells and have shown some measure of efficacy. However, the successes
) require injection of'large numbers of cells (10-20 billion), since the-cells have limjted
growth potential in vivo. Furthermore, the introduction of substantial numbers of large
mature liver cells (average cell diameter 25-50 pm) is compficatcd by their tendency to
form large aggregates upon injection, resulting in potentially fatal emboli. Moreover,
15 -these cells elicit a marked immunological rejection response forcing patients to be
maintained on immunosuppressive drugs for the remainder of their fives.

Mature, differentiated liver cells are distinguishable from progenitor liver cells by
several criteria. The differentiated cells tend to form clumps or aggregates, which, if
injected into a patient, result in a risk of emboli formation. The differentiated cells are

20 peculiarly resistant to cryopreservation and are notably immunogenic, Moreover, as the
replicative capacity of the differentiated cells is limited, transplantation with
differentiated cells has few, if any advantages compared to organ transplantation, and
disadvantages that include a more elaborate preparation procedure.

The shortage of essential orgas, e.g., heart, 'liver, pancreas, lung, and kidney, for

25  transplantation or other medical purposes which require donor tissues is due to the limited
availability of orgams that are still functional. Currently, the organs intended for
transplantation are retricved from brain-dead donors whose hearts are still beating. If the
heart stops, the blood circulation is arrested (ischemia), which interrupts the oxygenation
of tissues (anoxia) and consequently, organs are damaged ischemically within a very

30  short period of time resulting in almost certain probability that such organs will not
function when transplanted. In general, no organs are used after heart arrest and,
experimentally, none are used after more than one-haif hour from the time of heart arrest
or asystole. Curently, only 1-2% of deaths in hospitals meets the brain-death-heart-
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See for example U.S. Pat. Nos. 5,702,881; 5,660,976; 5,752,929, 5,863,296; 5,855,017,
5,843,024; 5,827,222; 5,723,282; 5,514,536; and 4,723,939 among many others and

25 incorporated herein by way of reference. Despite the abundance of prior art references

directed at means of protecting donor organs from losing functionality, the prior art is
silent when it comes to the use of cadavers whose hearts were arrested beyond the
irreversible time point. Only three U.S. Pat. Nos. (5,843,024; 5,702,881; 4,723,939) seem
to deal with non-beating-heart donors. This prior art fails to teach the use “irreparable”
30 organs for isolating progenitor cells from them. While methods of "isolating liver
precursor cells are known in the art (see, for cxamplé U.S. Pat. Nos. 5,576,207 and
5,789,246, incorporated herein by reference) until the_: reduction to the practice of the
present invention it was not known that precursor hepatic cells can be isolated from what

was considered in-the prior art as a “useless” organ.
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In a particular embodiment of the invention, the processing step may comprise

processing the harvested tissue to provide a substantially single cell suspension. This
single cell suspension can be processed further by separating the substantially single cell
suspension into two or more fractions, typically, three or more, preferably, four or more.
In this separating step the larger cells are separated from the smaller cells, higher density
cells from lower density cells, or both. Any method known to those of ordinary skill in
the art of separating the cells into fractions can be used. A convenient method is
centrifugation, first at slower speeds, then increasingly faster speeds. The fractions
consisting essentially of smaller cells, lower density cells, or both, are further processed
to provide a population of cells substantially enriched in diploid cells. In particular,
examples of diploid cells, which are desirable, include progenitors that express
alphafetoprotein, particularly, liver progenitors.
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Accordingly, it is an object of this invention to obtain such organs or tissues
within about twenty four hours or more after the heartbeat ceased. Even though the time
limitation is not binding it is preferable that the tissue is obtained within about sixteen
hours after the heartbeat ceased. More preferably the tissue is obtained within about ten
hours after the heartbeat ceased. Yet more preferably the tissue is obtained within about
six hours after the heartbeat ceased. Even more preferable the tissue is obtained within
about three hours after the heartbeat ceased. Another preferred time period is when the
tissue is obtained is within about one hour after the heartbeat ceased. Regardless of the
time period the diploid cells and progenitors are resistant to ischemia. Harvested tissues
can either be perfused with suitable perfusion media or not perfused for further
processing,.
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It 1s preferable that donor cells of the invention express at least one marker
including alpha-fetoprotein, albumin, bone sialoprotein, CDI14, CD34, CD38,
CD90,CD45, CD 117, ICAM-1, collagen typel, collagen type II, collagen typelll,
glycophorin A, or osteopontin, either alone or in advantageous combination.

In an example embodiment, a method of therapy is provided, in which
progenitor cells may be used as a cellular transplant, a bioreactor, an artificial organ, etc.
The preferred medical conditions and needs comprise Crigler-Najjar syndrome,
tyrosinemia, chihosis, acute hiver failure, diabetes, and other liver and liver-related conditions known
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hypercholesterolemia, the clotting factor genes for factors VIII and IX in hemophilia, the
alpha-l-antitrypsin gene in emphysema, the phenylalanine hydroxylase gene in
phenylketonuria, the omithine transcarbamylase gene in hyperammonemia, and
complement protein genes in various forms of complement deficiencies, and other
medical conditions which will be advantageously treated or cured by means of gene
therapy.



donor is a human. Animals such as pigs and prinmates are equally sui t abl e.
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Non-progenitors of the liver cell suspension can . include mature hepatic,
hemopoietic, and mesenchymal cells. Negative selection of the non-progenitors includes
the use of markers associated with mature hepétic cells, such asconnexin32, markers
associated with hemopoietic cells, such as glycophorin A and CD45, or markers
associated with mature mesenchymal cells, such as retinoids, or von Willebrand Factor,

The present invention may also provide for liver cell progenitors of
hepatic, hematopoictic, or mesenchymal origin. These cell lineages, their
progenies or their more mature forms may be selected by antigenic markers
selected from the group consisting of
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one or more liver cell lineages including hepatic, hematopoietic, or mesenchymal cell lineages and
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tcﬁgfglo; y_ t ?hceie\f/lglr(r;gt Bér%egltsﬁfgﬁﬁéﬂg%g%ﬁﬂolgpc Lxlngtctnyatl é.:kx%ga c1ﬁ£1 dl?hcﬂ%siﬂ F}gr b%ﬂ
macrophai;es, neut?aBWﬁlloéOﬂlﬁrrS&%‘FWés | ynphocyt es, pI atel et s, neut roph| S
eosi nophil's, basophi IBe coltures aobibdemadrs of tHishewentibn c&ﬂ%baﬁmrtcrpydmbe various

progenitors have g, hLﬁ( c&lpsecﬂ:ﬁa\’i%c‘ﬂﬂs ﬁ]@[h@ingglggbhﬁiln{eﬁlto E&g:'n?]seh%g{ ﬁs or

cells, hepatic stellate cel 0,.Ce artrlage c¢
conbi nat i gns t her&OrnesT FalEFEY: r?&‘ﬂg‘@l*est ﬁ"g & fociert: YIEas %@Au?‘@ﬂmﬂ? PROLINSe ¢

mesenchymal pr ogeiboroncs, osign protsinggndibgdike. o solhwen dre suitsbln ¢o sipalycytheatutic

col  agen types | prdthin s8¢k sl EacRt VATIC PABRIrMRL Fsuaortwhﬁr&ghopaa% F&I}ﬁﬁ—@%tltrypsm
i nventors overco e Ry %mwﬁlhhe above d

u S
I ncl udi ng progenl or cél SRS msud%’elownée@%l Il%"r?aot‘ag’n%po? H%HIQ%IPC% lg‘n%j
for bioartifici dPcepiofaang. STHEtagRINsS aperosidal ﬂlsm‘ﬂtﬁﬁér dmgiuac fesropsez megifierse

formati on of | ar garatigrdidhdrmond, $ie, infeiferoG(FI$ alpBa; Bet@ Xdr @ABind ngrwsgafolan}pﬁbtefsti al
meani ng that fe""egﬁucﬁ dovosh &, cﬂﬁﬁf%ﬁﬁ%ﬁ{m%n‘?&?&sFﬂtér}éhhﬂﬂm‘?fl led &Y giah&l%&&ﬁe' n

a patient. Finally e progenit
P cofony stum?latmgg factor (G-CSF), granulocyte, macrophage-colony stimulating factor

(GM-CSF), macrophage-colony stimulating factor (M-CSF), fibroblast growth factor
(FGF), platelet-derived growth factor (PDGF), adenosine deaminase, insulin-like growth
factors (IGF-1 and IGF-2), megakaryocyte promoting ligand MPL, thrombopoietin, etc.

As a further embodiment of this invention a pharmaceutical composition may be
provided which is useful for treating and preventing a liver disease. The composition may
comprise an effective amount of cadaveric liver progenitor cells and a pharmaceutical
carrier. The liver diseases of interest may include acute or chronic liver disease of toxic,
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antigenic markers that mght elicit inmmunol ogical rejection prOV|d|ng hope
that little or no inmmunosuppressive drugs. might be needed.'°AUWo?Wdscl osed
herein are |iver progenitors that harbor exogenous nucleic acid. Such
exogenous nucleic acid can encode one or nore pol ypeptides of interest, or
can pronot e t he mesgbpiis gewmicoindim eénfoctiveprigin pobdfydrepieraies nathrej nt vestamagher e

is furt hﬁr di scl ! Qéafgmg £8RE me%s@sf @Jtugse&l SobtRed Bﬁn{&tﬁgiﬂ ih¥ Givel PRE:s! dpfamalggne
or nore uman | SOr daer un 1 ONn erin \A
suffering from sue ?P@éléww@%aﬁ R U N R B L
di ploid |iver celdagaggniirosis gfthglevertobrhosis Phibe hraglévsr cangestiomdiviredysicophni fetter ed
Iof'ir ent erT ﬁl I deI ad@gc‘ﬁéﬁﬁdﬂ af wass&lls,, 40y Iiiﬂsz ?lbt%ﬂﬁﬁ@ﬁl i th@QHo)ﬁﬂcmoﬁ fuhﬁloln
lver. e lre m ni atIO e e C I
vein, mesenteri c%\l}‘gteu anceg c%'t 3 ei(cre Qmﬁlonaﬁf the ttl)w%j éﬁgtulgban(% of thé ng nﬁ%ﬁa&%al
thereof. Al ter natf#nptesy of fhee hl"?rvélfs%“r"aé?@"én?ft @Pssyé@ﬁﬂfﬁ% ﬁﬁHH?rh |°§ tﬂéfr &veri P! an
ectopic site of mp@rueﬁuihmdlﬂuala liverudibeages of pllieernfailuk eorh) rmadh intéxsaaticle by poiein

dysfunctions t hat:ﬁ (Hlltl d@dtgh oqﬁjﬁ R&/o;é H% {RENRALsO chluh@ bt ArdN& Hnkifeh to

i nclude : hepatoc e atonEg Girrhosis,

fibrosis, hepati &sﬁ'f‘@nie; 9%9? la.h‘fﬁrr 13336?1? LaptiiyRsin %aii'lqlfa% AWGHMIHRG - n
errors of net abdnbpasm, th8jaept derpeiin boes marovh&gercoBkdigtioarbsyn@ame driliayy atrdsi,

l'iver could be as%arn%ﬁs)éasem@ﬁgm@ cefndﬁfmeon@a;dnatdlé@s% rreﬁcﬁeﬁﬁaaél Zafinisnt 0
the liver. The ne ri.ved,from a

A L X T e AT ML R
skin, brain, |ungnotogenieomiyemadipease, t [diabetes, . Duben-Iobpwani svetlreida s esryghrohepatic
dysfunction thatrdéegenddrid,r @ﬁtmépaﬂct Bﬂé hivet N®REdIREeE, Alafiflial NEfpeBsedtdryietia,

di sease or dysfungﬂta em?assoéhget ed an dongly%gnrm%&éﬁl i Se%emwxﬁ&%{bg{{l !

conmpart ment  of h§ at Pssues and

ful mi nant hepat i élemaffhrwaéoswl r BiPation d FRePhRIPRAER: di %f@af@@olaﬁﬁlflabo|hr:mt°maila\9@r

di sease, and hepatpatorabgatiabivpito@iciams) hépatoblstainh,hesdpai hieraschkdnetdsist jaantdie, A
bi oreactor may b?nt Qﬁﬁhg%ﬂol%sﬁhhb %igeﬁve 'tr)an%!la‘ﬂ aﬂgd qf%r m{lﬁzréséﬂmated with
conprising (a) isolated pr itor rom I 1ver el t.heir
maturing or diff &PEHES S m’gﬁ‘g 1germg, OTd tﬁﬁfqa@ﬁ@y 8‘F ‘"’y(%fi[“’s‘s
extracel | ul ar nathepatis, perghfeip enéaiea tardd, i primaon dilery cimdoss, cmﬁp{acm/rmﬂtes, Rotodi ng

salt d bi Iol ogi cgl (@ﬁi@@@l szQEm&ct%% cgamn@ntcaolﬁﬁgmrl &bdﬁg;lssaSﬁanblﬁilOg}rﬁﬁJme
materi a ,an

nore connect i.n he .bi.o erial
of the bi or oact AHORBRIBBEE IR pSeRLh AR HEk R BEer i
factors, or nutriWissngiseasegpsirombmations thereof.e) pl asma, serum Iyrrph or
products derived ther eth@bjedid ¥ilbbOfaaCkivn eahelkilladantadn Few o st fallswing
sai d progenitors 4048 ¥ahle functional state, and can sustain liver
progenitors for a peri od rangi ng from about one week or |onger.
Specifically, the bioreactor can be adapted for use as an artificial |iver,

4. Brief Description of the Figures

Figures la and Ib illustrate the effect of warm ischemia on the proportion of
isolated cells with small and large nuclei.

Figures 2a and 2b illustrate PCR analysis of truncated alpha-fetoprotein (AFP) in
hemopoietic cells.

Figure 3 illustrates the relationship between storage time at-170 C and viability
of thawed fetal liver cells.
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for product manufacturing, toxicological studies, or netabolic studies,

i ncluding studies involving the activity of cyt ochrorre P4509 Yl D0her
types of drug nmetabolism A conposition of isolated human |iver
progenitors, or a suspension enriched in progenitors obtained from hunman

liver may be provi dEigured @ @@l 4b auﬁﬁﬁesrggaalnﬁﬁva@mepmwg%% b fetfl Tiver cell
pharmaceutical |y acceptabl e carrl er | uent. and is admnistered to a

subj ect in needfispinsiogy %‘%ﬂ%@‘h’?y IugrescensaRtRted sell srting(FAGSIvent i on i ncl udes
liver progenitors tﬁ%ﬁteeﬁ(mtﬁﬁétesoﬁ&céﬂf of RERs eXfREKRE SuSGCRlAERICIE NcRb4,

| east one of one or nore cell |nea?es f ound i n htman feover ang are

subst anti al | y P88, Gp4handHrcopberinsA (G} ia qn&mtiomne@hw cell sespertsinis | i ver
progeni t or sgcan be & I inc udlng
hepati c, her nat opoi g'%l \(?eﬂggr&a senc/hé/E Of@'ﬁse '!h‘\;{ g‘gﬂeé"“aéﬁlgﬁg‘%%" it §7ﬁg2004
t hensel ves, t haelpha-fefapgetem ambothmmgenwtmarkers or ns of t he pr ogeni tor s t her eof

CxPr e st P A0S o 7R S B G bro PR 2P ©

al pha- f et opr ot dépiedonloe:ddrbmdﬂ@é]ﬂactl vity, al bum n-1i ke i munor eactl VI ty,

or both. A cell cul ur e |ver rog rovj ded which c

i ncl ude i sol at ed g?’o By 8¢y B‘Enf?? ?‘Fan§qo}1€'§tfatélst ﬁg? Wayge of fe‘t”h@l"?" cell
mat uri ng ofg di Mspér@{@,hlfelt&cbxgﬁmrmwm CD9%% afiORk®P nat i ons thereof The cell
culture may additionally include éxtracellular matrix conprising ofe-or

nore col | agen, one & HlusgakeSPihand P esich frAFR-prsitiveigeldsnect ins) ,  and
ot her conponents S%)Eu:@é 10&01(%0€1b¥%§&31oﬁsﬂiﬁ§1ra?éﬂ'il&%§€eﬁ& crogcopy of human
sul f at epr ot eogl ycans an individual nmatrix conponer'ﬂl. VorTi%
conmponent i ncl behatic progepiteneedlsof - matri x conponents ; matrix mmetics that

can be synt el aduols Pofgt adah sy TR bebla s LELRIUEL5kin

extracel | ultsar obAFR.ces. The cell cuI ture may additionally include basal

W thaut & bi of ogi caAVERRGI A ArCH 12w i e RS AP gl eciitn et .

the culture nedia cRighes tRnindi 13baestrak el hat £6 Ftalednwe saldenata)w! sHewtdiE
bi ol ogi cal materjal such as a culture dish, flask, roller bottle,
transwel| or of ®Such cont.ainer. The cultures or bioreactors of this
invention could be used to produce various nedically inportant

cell-secreted factors including but not.limted to enzymes, hornones,

cyt oki nes, 2%nt5-gen&9.£ﬂi%ﬂﬂ§!&&§l.‘hﬂﬂﬁ§%ctors anti-sense RNA,

regul atory protei nSmméaeQ&@ﬁBE&a:f §%£12 BB Fdf@é‘rrﬁ@ﬂnfs@c? thrttfrelyHQehibl Ur €S
are suitable to supply at rapeutolﬂc prnot e%n such as Fa?:JL odrggf\e/}yt %e%b

| X, Factor VI | thedpvpntionodn pusler 9 providsrrecléar anrd ¢omsigtost vnderstgndiog ofthe n, gr owt h
hor mone, i nsul Lo MbndiRSlatuk, ik AR Eldnic BROLEBRRARCI N B, LL-2 T eceptor
and its antagori sts, superoxi de di snut response nodifiers,

par at hyroi d hor mne&lphh&twmatemflﬁsmmund;mtmbpm ilneae reactigps oadyd bngphe
grow h fac%)rs

fetoprotein. Alpha-fetoprotein derives from variant forms of mRNA some of which are

unique to hepatic progenitor celis and some to hemopoietic progenitor cells.

Committed progenitors: Immature cells that havé a single fate suchas hepatocytic
30 committed progenitors (giving rise to hepatocytes) or biliary committed progenitors
' (giving rise to bile ducts). The commitment process is not understood on a molecular
level. Rather, it is recognized to have occurred only empirically vhhen the fates of cells

have narrowed ﬁ‘bm that of a predecessor.
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gl ucocer ebrosi dase, colony stinulating factor, interl euki ns(1| L} 1 to 15,
granul ocyte colony stinulating factor (G CSF), granul ocyte, 9 July 2004
macr ophage- col ony stinulating factor (Gw CSF), nacrophage-col ony
stinmulating factor (M CSF), fibroblast gromh factor (FGF),

pl atel et-derived grHepdicicans:on sabfdpitationdemos Baisd e, i bited |
growmth factors (I G%a% and | G- 2), megakaryocyte prom?@ﬁlgd?si g@#&%ﬁ{aﬁg
t hr onbopoi et i nPUBECeAs a furt her embodi ment of this invention a

pharmaceut i cal - coNPpRb ¢ AR foroll! BYtAIRTIINM! e ReHSET Ml tyfclr LAEBELAD
and preventing a |iver disease. e canposition may conprise an erfective
anount of cadairendrmal liveeregardiese of their odgih losfattad a pharmnaceutical carrier.
The |iver diseases i r .| ‘ tesQr _ghronic liver djsease
of toxic, 1§ 19 Ju|§€eﬁ‘o‘%§§r{*‘§t§}§ 0 |%1{,1’r%%lr¢e i‘gt%%é:ﬁgﬁ orfﬁa’%rf’ég'ﬂ © ?’%534’ @ of
degener ati ve ngivanie todaughteecelld avithgeore kleawnt ifstg.  Somendhulphitar sellvire Hertical 06
substances injyrious.to, the liver,  Preferahl nn t hese condi tjons and
il sonane are | HeEHREEROITE SR 1ot . RORm: e ey Peve selfgfoead |
damage, fi brosislfohaibti@idg) Wapacitg) WhbRsd FeRfminb® skdny Sells |HaVETquedidaant | RfF-

| i ver dystrophy, fatty _degeneration of liver cells, fatty |1ver,

di st ur bances of°TEKa GRIHY; PlegnfellyFrnpgraempisduring a saegpesaiive@soliferativeeprasesy- et or y

function ofpthe | i VAEpatidiphddehiatfCRRsbells MoveL QR tu%pte‘.fﬁés anhlm&&ig%al of phhe
| i ver, disturbances of the synthesizin nction of the liver porta
hypert ensj on dibepatie paogepifers iggludeathece sappepulatives: { hepatie stasw wells”anommitted

i ntoxication b ' dat ji0 1157 i a. Wor ecifi.cally
these 1 nol ude LAREYE! broflle?, Sl RonlROLE iy AGUERLR. MY TP RES bufe

di sease, al pha- immatuie ¢ellp ghah amtalesaendantsyof theihepatin sienecelleydahatthiase abinlgleafiate,
duct openi a, bon rrow failure -Chj,ari syndrone, biliary atresia,

Byl er di sease, e@"’?ﬁ? Qcﬁff.?%ti‘f‘@ﬁ%ﬁo ,nord’frﬂbl | di sease, cholestatic:
pruritus, ishol el it Hepsic stemmells: Wgaibpshulnyiph bbhdpaticipiopétiloss. chroni c
graft-versus-host djsease, .cryptogenic_ |lijiver disease, diabetes, .

Dubi n- Johnson synd?]‘d‘r‘t‘ﬁr, P@EWWF%%[S%F papulatiogy %r%&r‘?‘é@“ignéﬁl’%ﬁeﬁf%@é‘obﬁ:I e

duct car ci nomaherhéyBidticprogayibss g{mh@gﬁ@yﬂkq;raé@;tomgal actosernia, G/l bert
syndrone, glycogen staqrage di sease, hemangi oma, henochr-omatosis, _hepatic -

encephal opat hy, ~hep@F8ctbi ahgnall eell (rd3amisfapshwith oval shaped muclei proliferating in
hepat onegal i 8, BRRALOSHHRIING BheoRBRARALAS TRER: celS TR kALY REARFRIRIRURRES,

jaundice, intralrepatic. cholesStasis, liver cysts, livér transplantation,
| i ver fail #Pe. prgeniorvanddrspartiallymseompletelydeanefounedyi xed cryogl obul i nerni a,

orni thine transcar bapyk ; W) : QS | r i anea
tarda, primary biliary lgvi%r?r gillagé,c é}aﬁr }atc Séﬁg%cﬁgggﬁ%?ggg Js%%%lrag‘?roe%,ych
sarcoi dosi s, sodstmgagamgt thh oluseuidrtpesitios betaveers the ab®imiinatend khdst caytiedr Thediver

t hr ombocyt opergj yresipanen a, . variceal . pleedi ng. venoccl usive disease
of the liver. b el Fsié]tgsag“ma%“'éf%%snﬁ?’?{ak‘?og RPQRARY ROy i 6%?%‘8 |
be made known peistrseand kinkgs eotetabdlizigrfais nstorimpncabohlyrtes, Olnhtifhohding bile, plasma

25 proteins and other substances, and assisting in blood-clotting. Liver disease is often

difficult to detect until the illness becomes severe because there is an overabundance of
liver tissue, and the liver can partially regenerate itself. 'I:-he signs of liver disease vary
with the degfec and location of damage. Various bloo& tests are necessary to discover the
extent and the nature of liver damage. - |

30 The term "growth factor” as used herein refers to those factors required to regulate
developmental events or required to regulate expression of genes cncoding other secreted
proteins that can participate in intercellular communication and coordination of
development and includés, But 15 not limited to hepatocyte growth factor (HGF), insulin-
like growth factor-I and Il (IGF-I and II), epidermal growth factor (EGE), type a and type
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detail ed disclosure. 4. Brief DeseLiption of the Figgres Fi gur s la and |Ib
illustrate the effect of warmischem a on the proportion of 19y IQzQPgd cells
with small and large nuclei. Figures 2a and 2b illustrate PCR anal ysis of
truncated al pha-fetoprotein (AFP) in henopoietic cells. Figure 3

of thawed Tet of PrariALR PEAFITOTEASGERY MoERAL AR iRl el thGFLY o

typi-cal uni varfitadeladtigsevety rfastrer FGH),gilattlet-derived gmivith faus(BDSFyarcomalgydadt by

fluorescence agtiv cell.sortin FACS), Figqure 5 illustpates r t of
cells express?tﬁﬁtogﬁég}cgwp% sméiéﬂage 7Y g & Eaﬁ'i‘?b’l (@Rg‘ggﬁﬂori n
A (GA) in unfraggil@néaidethelidlv@owaelactos (VEST), prakctn hh@réwth lidrnbsd rdélme
percentage of cells_in the original ce|ll suspension expressing

al pha- f et opt ot {@tAr VAL hgRAPQietFagrRuthdagony shichas jaferlepking Gf) Fe-1, IL~

il lustrate al phapfeto ot 0. exnressi-Qnbef ora12ad, afitebid EeRbiation tRkor" ed
bl ood cells. Figures 8a, 85,. Sc, 8d," 8e and 8f illusfrates FACS ' analysis
of fetal Iiver |or felliderstimnlating hparoneorelsasing serpisin GFRP)CHnGbinCrgen eﬂﬁé -
AFP. Figure 9 JjJ{ st TBCI:N 1.C > | o L
Fi gures 10a, 1 r%#ﬂ%%gﬁg%%rl(%ﬂ @Eg{:r ate gé I ugs’r %gggﬁéégﬁag?%sggg\@mg@%%mmn
hepati ¢ pr ogerifttigse pesitdins anRingumany ofhersdknowa iy the 2g. &everhlly, ds udel heteinafter, the
representatjve I Lan, . 0 P. .. Figures.l2a, .12b
and 120 snibyc ot AePEIRE B ke BUREAAT WA ifRaRicaiony et Bl o
13a and 13b i | dyusklineatae lynaphiokinthan iatededldd)ed edlonyistimehtingifact¢rd)a hornsdnewaal |
cell types. 20,5. tail ed Descr.iption of .the Invention Ln the descrjption
Chat 1o | ows. oGS HFon ARrEitPemaBEt GiekEna SERYeRE FRicey ApBomtytc

i nvention. |n meRR(atempleMuicPeoéin CneaEyndd) dn GORGhGEIHALN, WAE &Y ﬁt%@ﬁi.i ng of the
specification and clains, the follow ng definitions are provided.

Al pha-f et opr ot ei n- IHGEPPPIEHEN &ickes Plrot el ity ¢atl fates f Jybophocytes {Bsangd B3

al pha-- 254 e%%@g,e;ngﬁoﬁag@n;ﬁb (504l Rarfd®dchies fromvariant forns of
MRNA sone of ich _are unique to hepatic progéenitor cells and. sonme to
henmopoi eti c pr ogeniMeengsapsis Yiddngimesaghyna genvativeswith ealbleigs of endpthelia, fait

have a single Jeﬁg,%tnﬁfﬂﬁlmeﬁ?, c%ﬂ%&,%& E‘/&x bone (the last two occurring in the liver onIy under

disease conditions).

Cell Therapy: As used herein, the term “cell therapy” refers to the in vivo or ex

20 vivo transfer of defined cell populations used as an autologous or allogeﬁjc material and
;ransplanted to, or in the vicinity of, specific target cells of a patient. Cells can be

transplanted in any suitable media, carrier or diluents, or any type of drug delivery

systems including, microcarriers, beads, microsomes, microspheres, vesicles and so on.

Gene Therapy: As used herein, the term “gene therapir‘ ” refers to the in vivo or ex

25 .vivo transfer of defined genetic material to specific target cells for a patieﬁt in need

thereof, thereby altering the genotype and, in most sitnations, altering the phenotype of

those target cells for the ultimate purpose of preventing or altering a particular disease

state. As this definition states, the underlying premise is that these therapeutic genetic

' procedurcs are designed to ultimately prevent, treat, or alter an overt or covert

30  pathological condition. In most situations, the ultimate therapeutic goal of gene therapy
procedures is to alter the phenotype of specific target cell population. |

CD: “Cluster of differentiation™ or “common determinant” as used herein refers

to cell surface molecules recognized by monoclonal antibodies. Expression of some CDs

are specific for 'cel_ls of a particular lineage or maturational pathway, and the expression

15



30 commtted progenitors (giving rise to hepatocytes) or biliary commtted
progenitors (giving rise to bile ducts). The comm t nent proé@s’éjE 1 0ot
understood on a nolecular level. Rather, it is recognized to have occurred
only enpirically when the fates of cells have narrowed fromthat of a

pr edecessor . 13¢ 48l YhilesH008ai RAL Gta®k hitivariors R bAlibOienioh bV Bk s58L! S
whi ch i ncl udes hepat ocy? es angIE bilrary ce?vl S: ’Ei ver ’C‘Z(F#%:@[%%fgo}ﬁgg%eﬁ%fﬁ%i n,
the term"liverelsel | s" refers to all type of cells present in nornal

liver, regardless o [ el -] tem cells: As used herein,

the term"stem cell %Lowlyéefcéfo%{dtsgﬂl?m&r{ﬁ?e&%@%ne%eg' that can give rise to

daught er .cel | s wi t hDigieid: thasetoofehfaisomSqrecdhught er cel |l s are identi cal

to the pargnt and gmak;'i .0pm ise}?ifcilg acs ecifi 31 fate. Totipotent stem
celI's have Zelf rendG&fP %’s S 2GRS BEABEti ty, whereas det er ni ned
stem cel | s have queskiaploab|siglt edtd of chesiesBineC@pagli.ty. Stemcells can
regenerate during a_regenerative proliferative process. 10 Hepatic
progenitors: These E_%lly&?@' mporg thap ‘Pl%“ﬁ%\?fjc’?gSPP&"m%Srﬂffﬁ"rq-i ary cells. The
hepatic progenitor sTheehds thd h&ienad YRR Ulcakd Nver 2RSRALIC B ﬁi@foﬂh@&uu
"committed hepatocytic progenitors”, and "commtted biliary progenrtors,"”
the | ast- two bé&fggy the hypidys mixtarelof dipleid agd polyploitdespdianinsrodents. ee Kegsds shoust em

cell and thgt & [ it har: t0Gy i) Lar :. but
ot both. 8 EaXEeBIid B o] sbou 16 b IR? RKhER Mo et Liokk SaliSss
Li ver progeni t epmposad 0£50% gipieid and ¥1% pelpploidicelds., i ncl udi ng hepatic

progenitors, henopgi-atl . RE0gen.tors, and nesen | progenitors, Oval
cell: a small cell ?ﬁ%ﬁ%ﬁ@%ﬁ%hwrtﬁh%\%qge%ﬁo g‘%y% |v§rf0ug|9%c+alv?xécrtés[s11ﬁgarﬁ:n
ani mal s exposedistlosainmdgiaimed by shis IrventibheAe usd Heseiwufter the aetghtcallaverle tiksne”
fromliver 20 _.progenitors-and are partiall r .coppletely transfornmed. The
"liver" is a I§$ eg‘Btr Yyde| tissug gﬁm? rfiae?%é t&%P%{;BH WA YFD 1 e PERIBIEN,
resting’ agak nsteriBRtioh f Wradnahdl by td eursfat m@&&&&%ﬁ%@radl%m@mg £A@EE or
cavities. The liyer _ .is essential for f’lfe, and perforns over 100 i nportant
functions, suchsStsedRitth RrecoRsderedAsineentes on ety notrsdetpise Adcpringly S age
storing carbohyfhaffitan SRAUEACI UL (8 tRhd 8f bRIAS BelRRrP LM RbtNRof e U bf

substances, and assisting in blood . clotting. Liver "disease I's often
difficult to deenseptiamilhys 2 pronpieideedaf thetoaes bishweldesorsidesl astresadaves and)

over abundance Qf¢ .d i,VEEst : | & el Iggg 3] Ly .r e

itself. The si g%]sagofa Pl\?é?%%e%@%gﬁ/&a?%al d\ilxsﬁgﬁﬁ lt?aﬁ’g eg&llégi g%é ocdél't '{’%h&g

damage. Varpougrdgemited cellstapd caseswob abeys arey exchuddd Soomw ehe bivadth eoft daimsant] titike

nature of live 0 rm growth factqr” as d rein.refers

to those fact Oﬁnsvgll%lé?;r% ?Ir{%‘ge\{egr}gtg%ﬁsfsg g.'ﬂ.lcg 15 cons?dere unsul,tsablg%(e)r ﬁlr&ﬁer medwﬁ use
due to the presuined ischemia effect is still suitable for the purposes of this invention.

When the terms “one,” “a,” or “an” are used in this disclosure, they mean “at least

one” or “one or niore,” unless otherwise indicated.
'25 Figures 2a and 2b illustrate PCR analysis of truncated AFP in hemopoietic cells.
| RT-PCR is carried out using primer combination of hAFP1, hAFP2, hAFP3, and hAFP4.
Lanes 1-3 correspond to Hep3B cells; lanes 10-12 correspond to STO cells; lanes 13-15
have no RNA or cDNA. Note, there is  shared band, a truncated AFP isoform, in lanes
2,5, and 8. There is a truncated AFP isoform unique to Tiver cells noted in lanes 1 and 4.

30  The complete AFP species is observed in lanes 3 and 6.

Figure 3 illustrates the relationship between storage time at -170°C and viability
of thawed fetal liver cells. Data are expressed as the percent change in viability measured

at the time of processing versus the time of thawing. These data indicate that the
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devel opnental events or required to regul ate expression of qenes encodlng
ot her secreted proteins that can participate in i nt er cel | ultgruly 200

comuni cati on and coordi nati on of devel opnent and includes, but is not
limted to hepatocyte growmh factor (HG) , insulin ..like growth factor-|I

o0 Sopa b e TR A DU B Rl e

growth factor (ddGkghificantfchinige bl vishilirovet ipdrivd entendifgdo)550 dhptie botageler i ved

row h factor (PDGF ar Q f act.or. ran Ioc te nmacr ophage .
gol ony stinul agi ng %IAF g Eaf g’ﬁ gIE W@W@Sﬁ)’f’mﬂ\)&%‘@&)@rﬁgﬂﬁg{“ﬁ f fgial Q'P’BR/\Epﬂlg
factor (VEGF), shgRhaéds aﬁalzm by TRIOkceRE 40N Red BPRSITRAR ﬁc%?crwceﬁ%%ﬁs&nd

vari ous henopoietic growh factors such as interl eukins
]L-3, IL-4, 5| LwWps pmparpi fpr immugofluqrescagge ppalysis of erlﬁha-fetepgﬂtm ofAFP) usmg

differentiati orgm{1 é%rcom(lgali@to%crfa@’d&é Q:P@ a'inH'f&%htﬂfuhH%ﬁ%’ér{l%&ﬁeJ @Jn_ﬁ%g dto.

protein (FRP), em cel prol-iferation fact

fragments, subtﬂiﬁ blslﬁ @er(%)veghlafﬁdh@lﬁm aellsi wers Scmﬂqdr@seedp(ﬁfél ard bWwong

many ot hers kn I owt h

factor refers to a S cre &3 c?'r g?g?éﬁa% ﬁﬁas%é%g& E?ggélg Elﬁ fé’gg%&}’g"%

consi sting of &“urthtyrt anlelysie ,shcawsl i;mrﬂboku 8&3% afrtha: pomveepdpuiauonsafor each protein are

col ony-stinulatin a factor, an

anti - chemot¥ct | Epr @% tﬁeé“@%%]g%a‘? F%’ﬁxﬂrﬁs&"b‘ ﬂ’ﬁ“ﬁ"ﬂ?f)"r‘ﬁﬂ%ﬁ ytic protein, a

(Iz|ce)rrpl o osi prgte:g blﬂﬂ%j{1 | 1 °D h %Fﬁhﬁxpmsmﬁﬂlﬁwh mgBDI1(4BCD3§, T),
nopoi esi s ieldin ood cells th ce ate ynphocyt es a

15 pl at el et s, 385 Ghrgthonpis () atsRianirblye Ll mRpeige e Bt

Yi el di ng ”ESen(iﬂé@ﬁ'dataqﬁﬁlb&&idn%@nﬁﬁttaﬂxs(i@bxlesér@és%ﬁleo‘c endothelia, fat

cells, stromal <cells, cartilage, and even bone lSShhe | ast. two occurring in

the Iiver only undeﬂ’*gum éedb’é“‘é%ﬁn&?et pefsentagecal (celim dy ghg original, selly syenensipn

the term "cgll éxgﬁég ﬁ)téu?afﬂ'%thbf‘aﬁﬁ ¥l Yk, ﬁQaP{LFVSEMré‘f‘féré‘ént%f

defined cell pop atlon use as an aut.ol ous or allogenic matertal and

transpl ant ed t@ell&)powweﬁnealpha fetqpmtymdﬂf"f’b pat prferidicteght ge!tfa!?@elllarberbfcﬁm 34,

patient. Cells 3%a Qﬂed%#cogﬁr nt ed in any suitable nedia, carrier or

di luents, or any’type I ivery systens including, mcrocarriers ,

beads, m crosones, Hgmo’ﬁpﬂbraﬂ ’Io/dmstrdttesallﬁmefctsproam cﬁgesmoiﬁmfc&p;andﬁéteused

herein, the ter ene, th ers t Vi Vo .

transfer of defc{nﬂlégmb%trfg? g@oﬁé?uér e Z)a |LE ?)ﬂjrlegs@lf’ n 8&)’(1? Isa'%g)lpmte%fﬂll ent
in need thgr eqef: ré hBIilﬁmtatad ztlﬁmuﬂgmtdﬁepegﬁmﬁ Sfffetablibr cklls wikis6r witﬁmatel«msg

o oot or "HERBHYRS 4 gale i A bibite) bt e b BRS o
states, the und;%n:l asalmma% 85 %E)hh—&t& iot 4@ SubiE AP &5 Hfdicdntage of AFP or
procedures are desi gned revent, treat, or alter an overt or

o ultimately
covert 30 pat hcllisuie fosiiyneslsi dpata fof Cr?ﬁ%t‘“@l ted geH éﬁ@eﬂct“h‘e“e shawhagiag Percoll
t herapeutic goaﬁacggnagigﬂ_e t her apy

25 Figures 8a, 8b, 8c, 8d, 8e and 8f illustrate FACS analysis of feta_l liver cell
suspeesion for co-expression of CD14, CD38 and AFP. The bivariate scattergram (8a)
shows the distribution of TriColor staining for CD14 (ordinate) versus FITC staining for
CD38 (abscissa). Gates were created to select specific cell groupings according to the
CD14 apd CD38 signals. These were then used to display the intensity of AFP staining in

30  each of these subgroups (figures 8b, 8c, 8d and 8e). The AFP results show that a high
level of enrichment for AFP is produced by selecting cells positive for either CD38 or
CD14. The AFP signal generated from the entire cell suspension (30,000 cells) is shown
in Figure 8f. |
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procedures Is to alter the phenotype of specific target ceII popul ati on.

CD. "Cluster of differentiation” or "common deterninant" as 188 498fein
refers to cell surface nolecul es recogni zed by nonocl onal anti bodi es.
Expression of some CDs are specific for cells of a particular Iineage or
mat ur ati onal path 0 |
according to the ﬁ%ﬁ?’ﬁéﬂgﬁﬁﬁﬁ%gg% %%MeXt a’?fé?%ﬁ?sl at’i on ofah%
same cells. PP’@P@WIOH ©h ridftopssitive regHib én cell suspensions girdpared Dirquh dietal livesOcan cies of

chronobsomes peg i C er, cel |
Cctapl oi d: e g%t set s@iﬁmﬁﬁ%g%l%engk%gﬁs %IPO?LE% rPﬁC%?%nE‘fﬁng’e the, ket
sets of chrono€bigsnpé&iDldel The dihrbumabﬂl of dic ttvbenﬁmsrsr@kodxeés&l s@mﬁa@ﬁ@&ie&?r
liver are diploid, B adul t a .th r is.amxture o

di pl oi d ande pof s Bli‘%I otf?‘gipy a‘&'ﬁ“gr%:’ &H’P&E"‘ﬁ%ﬂr‘?ﬂﬁ‘@ﬁh?@e& rale - 90%

pol ypl oi d and only Fipaut wa%cm fioei hdCEld Hlustrdle FlHORISencs ﬁﬁcrbédb?% ¥l o9

adults is conposed of 50% I pl oid and 50% pol yploid cells out
limiting to |i e BoREHORFYSeni t or cel |'s from vari ous cadaveric tissues

are di scl osedraiekeatalid Rpattyprofinteol 118 HokrOe AR mexe&axﬂemf ApPIBhrehiN & f m

"cadaveric tissue" does not include tissue fromdead. fetuses obtal ne

nmeans such as fr@niadigate that hot grrya progeniters plp@g;@%@@vangedahmcgpmpmtors axe
procedure. ;§lu qfdelivered by natural or assisted birth are considered as
neonates or infants but not as fetuses. Accordingly the age of a human
starts at "0" at thﬁgmrbnelaoiltbﬂq«’mddrlddlbismtelrgpresmtauiwtceﬂssnlacteﬂtbytekmshfn

conception. Thy nggnal e |,, be consi dered_ as
a cadaver and frsl agl% est \(@ﬁ é‘é%%“@gt & ﬁé&?#ﬁb 11& ge nEc-of
used as a sour hepanblaseFh Eells vitheritghtive staitihg foit@drfas ngddkads (Higives18 aad aheded

fromthe breadth of _clains of this ion er, fetal tissue which
i s considered #ASHAYSIAR cqnéptepupﬁﬁgpntﬂgami\gqogﬂg eRFeheapatic eSS es U e d

i schemia effect |SF1§ﬁreé hZaS&tdu@thcEﬁrofttH@sMﬂﬁ&@ﬁd@ﬁoﬁ RiaB e RV e BEPMen
the terns "one," "a,’ e used in this disclosure, they nean "at

| east one" orPOs¥iyE ‘8}15 F=I*’0Thés ﬁ‘:Iﬂrn IFé§J§° d2niivsirates 3 penfecal phase imagh. ghieere 12

and, 2b il ustjipteddGRndh g |
RT-PCR is carri edt?ao&t usi ﬁjé:ogﬁ&nrg% vs([:lonbl ﬁg(tgftgﬁﬁ?‘ f FP eﬂ@@ﬂl &Lde&o AIES%)

and hAFP4. Laffidb)indicating tbemerptiology pepBBpesitiveselly mm@o@@f 1:2e:cpgﬂs espond to

STO cel I's; | anes 13?13@ arR%iRir %E | har nd,
a truncat ed AFP iso R] |net|cg§1)es tg% %Bfaﬁ'ﬁeﬂr Q%I%udarﬁ E‘?\lg eg ‘E%i:)

i sof or m unkgueiseletetlifwer fetabod sinhidives. in | anes | and 4. 30 The conpl ete AFP
species Is dbser VedF g@reé M3 d313% 1ﬂus§rates cells that are labeled with calcein (2) to show all

cell types. Figure 13 (b) consist of the same cells co-expressing AFP and showing that

only two cells are AFP- positive. Cell size is not a factor for AFP positivity.
The ability of the liver to regenerate is widely acknowledged, and this usually is
25  accomplished by the entry of ﬁormally proliferatively quiescent hepatocytes into the cell
cyelc. However, when hepatocyte regeneration is impaired, small bile ducts proliferate
and invade into the adjacent hepatocyte parenchyma. In humans and experimental
animals these ductal cells are refcrrcd to as oval cells, and their association with defective
regeneration has led to the belief that they are transformed stem or progenitor cells. These
30 cells are of great biological interest since their normal counterparts, the hepaﬁc
progenifors can be used as alternative to liver transplants and they can also be useful
vehicles for gene therapy for the correction of inbom errors of metabolism. While the '

ability of progenitors to differentiate into hepatocytes has been demonstrated
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Figure 3 illustrates the relationship between storage tine at -FVO and
viability of thawed fetal liver cells. Data are expressed & 1 HL%94r cent
change in viability measured at the tinme of processing versus the tine of
thawi ng. These data indicate that the 16 19 July 2004 cryopreservation
met hods did not significantly affect the viability-of iability of the
cel I s. - Ther e Waeguivesalky &p demand for saitherds hasnoy mebthe desred sepplindysdp itiyppaucity
extendi ng to 3P ARYSeltidast Orage. Figures 4a and 4b illustrates typical
uni vari ate histograns o etal liver.cell suspensions analyzed by

fl uorescence acti v&obkition ef liveroprogendors FixEs)cadavbrehwedn livaspsedisilesnd hreim gs
prepared for i nof | uqre nce nal yssi s . h I ot e] EP

Csi g ant i bocBietagh iidailed 8 W e B tnk Soiopfh Ao du o BR-T0sit s i
ant i bodi esscong isgleieial to the blue dye (AMCA). Thirty thousand cells were

screened for red (AFP). d bl_ye | bumi n) fluorescence. The results. show a
clear group of cell eb@iﬁ%?\?éwgﬁgﬁwpi’%’g@“ﬁfs r?—‘ﬁrctaﬁaé’lpr AR, & Lsalegcﬂg
that about 80 n¥penf whiebtiiaed tirvigghnplitativh @S dofibinaBéd b PigieCnBthads; markdds

represented by the same cells, (i.e. co-expressjon of the t rot ei ns).
Figure 5 illudpd &P@@%%WBEP&BWPI%FW@Y@?%%&%@%ithfgﬁ%ﬁ'j rqmaecmg" gadayess topy 4,

CD34, (D38, %&&ng&yﬁggﬁmj@ﬁ JE N inventienf ractionated |iver cell-
suspensions. Note that "'the GA'data is BI otted on the right axis to

pr eser ve sl@ﬂ e. Fi édpha-fetoprofein; prchelbuming é@ﬁ%ﬁa&?@@emiom@% to be
ori ginal- ce Eglé& p&-@ Pl Ha®d Blen B fouBlidtfn of th
antigenic mark sgﬁ%%l%gleééﬁgé p ?tti:kglnt agf ce?l s“]l positive for ztillophae

f et opr ot ei n ( AERpgateddeificibe bepatie sibpopulitione faony dear cel GDasdin tigxfliver.3Bothsaind

glycophorin A)...Fiqures.7a.  .4b -7C 411 r.af.e - .ot el .

expr essi on bef P‘éal%%ﬁ aft girc 1d8’é“§|'1cg??no?lf% %;&ée&aiﬁr B@dﬁﬁ% ch)b%glgdfg%%my

i Ilustrates t ligagaxgpicestsiherhepiticapippenitoetcoly afteri theia pdrifi@iofri byuflew dytometry.

il lustrates al Qum in_.su nsions of fetal liyer cells . with or wthout
sel ecti ve depl g?"é%"(??‘“‘?‘@dﬁ%?l [}Eﬁﬁgﬂdﬁ@?@oﬁ" ¢ SEVPYR T &Rﬂtﬁh"&\lﬂ"‘é’@%
iI'1ustrates thgogehiie kidr@iy Rind of fhdton@iddisasisgyld bot h al pha-fetoprotein and
al bum n, expréssed_as a percentage of APP or al bum.n gqo?hitive cel]s. Data

c

for cells wth redHo#eyerg&hrigpiogh cav@l%ﬁ%mvas%d% oS PR (TRBKTAR i'Bn.
25 Figures 8a.,;3@Bfyinthepafic 18 AMPCR andldet Vbfeiofc ARARBlYHoPinGhullifle b1

| iver cell suspension for co-expression of CDl 4, CD38 and AFP. The

bi variate scattyesdhatmere Beown torkevis livee tissuet PCBLAmalREsHRre thej toost Gensisivai 385a%§ f or

CD 14 (ordjgnat i ' i606¢ paftldiBr LRBGE LRER:. THShOSniiR=6
created t gioseldg%et‘:&g%%}élﬁflﬁ%gfﬁ gfr%g%?%grg dccor %r ng t%kﬁe " CD14 angﬁCD%
si gnal s. Thesalisvised berein dersentiratos thabgpeeific isbforinofdoti AP aid AbEninmaRNArgu i n
g’ﬁ 0\(/3va1(:: Eat(:) f at Ei 3 ogﬁjcp gxrh%%%oigiclz 81%rggnslto§sbmea§:?ﬂg tﬁgl \%]c% s%c sen irt}%e 'g‘alégysr &2 'fllsédf
additional criteria, such as the use of an exon 1 probe for AFP, must be used to define

hepatic from hemopoietic cell populations. Although the PCR analyses revealed that
25  hemopoietic. progenitors can express both AFP and albumin mRNA species, the mRNA
expression levels are very small. Indeed, when AFP and albumin are measured at protein
levels, no detectable AFP or albumin could be found in the hemopoietic progenitors.
Thcrefdrc, for routine protein assays (immunofluorescence, Western blorts,‘ctc.) and for
assays of high level expression of mRNA. (Northern blots), AFP and albumm Temain as

30  valuable markers defining hepatic lineages.
This invention also discloses the design and preparation of specific primers of RT-
PCR to determine the expression pattern of AFP mRNA isoforms in hepatic versus
hemopoietic cell populations. Three different combinations of primers for human AFP

RT-PCR were used in distinguishing AFP mRNA expression in hepatic and hemopoietic
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| evel of enrichment for AFP is produced by selecting cells pgﬂ}iv%ﬂfor
either CD38 or CD 14. The AFP signal generated from the entPrcd]
suspension (30,000 cells) is shown in Figure 8f. 17 19 July 2004 Figure 9
i1 lustrates-CD14 and CD38 enrichnment for AFP-positive cells. The
proportion of AFP-positive cells in cell suspensions prepared fromfetal
liver can be liaedgasn CBaltest theretyiresaioh of AFPse hemopoirgic celld, 85 eiefiplified irt Extnple

surface |abeli,ng for the .markers ,CD38.and 4. .. The conbi nation.af fhe
tvo o kers. prioECRNetots R ARkded Sevegl thes OF Boistie, VHRHE RERORO OB T 1 ng
ce:jl i Og halnI t h%bmpiéfe?'irdilﬁﬁ thinkdied FérRB I ofnthe EP. ?Rg‘tm&F@}:mun §$ thkOfhost1¥asitidé)C

an illustrate uorescepnce. [m crosc upan hepatij c. progenito

cell s. Represé"r?f“é‘ﬂ?‘?/g“ fi “WB’@&WF‘T"B@P% femp FHE°4 E’t'ﬁ?scl - $8%i ned

for AFP cOBt eRhts thet! thr indicABS thalhirkadl SFP RYredRalifl aCdipletdfoRMaR itl& himeH dellTOr €
advanced hepatic roggnhtors are 10 present., Figures 1la, | Ib, lic and 11d

i | lustrate reppes@lepaeiand HepiB)desuediem depaticorqacaiters apd ingt tryyepied fon it |
with positive hﬁ%@ﬁ eélpgnsct RE6£ b dved fidhn éﬂ&lédoﬂe\igﬁgc%?ﬁtmg&t &de $hdt thaP Exon 1

hepat obl ast s. e ce w th negative stainin surtface markers (Figures
Ila and Ile) ismpeigeentd hepatiarmogenited sitbpppuldtions enablesnetientor wiaok agye widbh fear | y

hepati ¢ progenitofs. = Fi - . f.] and
Showt hat "t hernanats tegadryseds Borpiae ibifitetefl sl Phis WP RE0Ro

il lustratas aspificxubpopatatiess of timgeprogenijorrcells @ftthis idvientidnr at es

i munof | uorescence, with anti body tq AFP..Figure c illustrates .overlay
(a) and (b) indi céF?‘Hémgﬁe Prb‘}"ﬁﬁ%fsg’diz’e dgst ﬁ%masé’.&fﬁ Rrima, iy Qrdgr o SEEHIS of
liver cells ApRs@RSioE hi@at 8FP miaNe if Budgrdgenity CAH thd prithé cof®llatisnsZdteand
nor phol ogy whether 20 .isolated fromfetal__or_adul %Iel Lver i gures 13a and

. F
13b i1 ust r at &FTc EIRNA tip Jumgp depafiseredly iggst HerGh and Hepzh- Bowssty Al prime |
types. Figure l3niblors iRt fifan 8he f&m&@hmm&f@w&b pErtidh Br aRAAFP

showing that only two cells are AFP- positive. Ce Size is not a factor

for AFP pd$itimBN& inThe by jerythuglenkeraia| ¢elle ling.0Kp@den b apredipted wilprp.y this
acknow edged, Bndudfiles dhiik!of he At @CHAEP L 180 bhY nbiNe FIKER ofTTR! |y
n h cl e. However, en

proliferatively quiesce epatocytes into the cell cy _
hepat ocyt e r egspressad iimK562. | Threaiaselt suggests (thabthe only cussfup pomefsefontidentifying

i nvade into the adjagcent.. he ocyt.e [ I peri nent al
ani mal s these%’i’f@%zﬁ %%I%osgrqgﬁrd%%grtp g?‘?@ﬁ%%al&c%ﬁ@,&g%ﬁgq’ﬁéilgnjmr"rg
associ ati on. wdvabljefesigiticy €n o tigaegperificomaiivs |Sederhlolindseardepriiryt fiste ofiey
am transforned stem or progenitor. cells. T e 30.cells are of. great

bi ol ogi cal2i 1 hEpAS Ve ReanabRitis OFigiR s s“-@s'afﬁﬁsefrfﬁgfplfé? VerEs “I'H‘B??g?"f {grmn of the

plr Ogeg i tor Sf Cal(FPbl )€ AURBEEHROS trahdafidNRbm \bE ARP Isi fofd i sdsPhandpietio diskdpgyitGan

al so be usefu

unknown which cell type within the tissue was expressing it.

Because a truncated form of AFP is found in some subpopulations of hemopoietic
cells, albumin is also analyzed in both hepatic and hemopoietic cells. Primers for
25  albumin are developed in a fashion analogous to that for AFP (see above) and used to
* assess albumin expression in hepatic versus hemopoietic cell lines (see Figure 4). As for
AFP, a truncated form is found in K562, the hemopoietic cell line, and a transcript that

could be detected by the primer for exon 12-14 . o
Prior to the studies described herein, and in the vast literature on hemopoietic
30 progenitors, no one has ever reported expression of mature or truncated AFP or albumin

in normal hemopoietic progenitors in human.

Processing and Cryopreservation of Human Liver Progeritors
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vehi cl es for gene therapy for the correction of inborn error§ 0 t abol i sm
Wiile the ability of progenitors to differentiate into hepé ngt “has
been denonstrated 18 19 July 2004 unequivocally the demand for said cells
has not met the desired supply due to the paucity of donor liver tissue.
| sol ati on of Iivergﬁr% enitQrs fr%glgadaver human |iver, as disclosed

or

herein, is novel PBURAILYigld dhisseriaterbhymman liver progensiorsiiram 1qtal or hduler t
that liver | OgRersi ﬂ]§¥;if&dcbl' didel6i8®hersin nfikbsSust Gﬁfﬁb%?%%zﬁcﬁoﬁﬁ ok h&[&u&?g&maéﬁﬁg q

hepatic progenitors Trom cadaver -donors as descr herer n was

t hrough appl i @€ iessludes the paliehi The mevel opriationdadherdensivyl gradient kentrifugativd, as
paraneters whig . | r t F (SE, L] from.
cadavers to ﬁ%%%ﬁ%ﬁ%?q%ﬂ@gf@d%gﬁg a Fl%{:]ﬂso%ﬁ} %}C'év i ]rjﬂloé’ %idgﬂs.ltyfbc"

Al pha- f et offr otcellscadlneiingl 4 thi tap obthe igraend piraexdinedpnd tusédfor finther sradiss. d€ked t 0
be especiall ' e f epat.ic.Line s. They have been the

f oundat i on of X?‘{?gé‘)ks?'ltﬁ rgge:t ggj)}llat (F')h%lt c}}é]r&]?%{ ycaeﬁlﬁe(l'ﬁ'egﬁ'?(ﬁ@ & pEhY I B of U B

ot her cel |l tyEempiesertdimnlarepresentBothe tapy & or evithin thelPergoli dbasity gradibie.

i dentification of atic cell but al pha-fetoprotein is especiall
di agnostic of the ﬂﬁ%‘&?ﬁ“@‘ﬂ?‘hﬁ%}lﬂ%ﬁs@?ﬁv Ry “?H'é‘ﬂ'l’e?ﬂﬂr"‘?fﬁf‘?l@‘iﬁ? ﬁ“’%‘?fflow
cytometry. 15 fédHakamfai/epicaitiiver ceBEPAddiNaRIPARO cafiaRias irdlule bifegaddorat

the purity of hepatic, progenitors after any kind of fractionatioh
strategy. ] méwﬁ,cwtﬁd Mg Fusided sermcelbila mariy components. e cquid thembe edto t wo

markers in i gRphladeth D SRR oitd thE'BAESR: uRGRbAAALYAES were done to det ect
expression in multiple cell types that are known to be in liver tissue.

PCR anal yses are tfEyopsservaiongiathodelogies of this dovedtioneare pniguesmdrdistino/ framthent s

of expression l1GHI Cl @S ' i S o discl

her ei n dermrlstn?é féhtoggh%éﬁgy ﬂgerp%-(izq? yﬁ C Sﬁ?@gﬁ %?ur%g%% dﬁ%?ﬁéﬁ"}&ﬁﬁg u%n?:f %f%fﬁ%obﬁ’?%ﬁ%
can be found ahhctyepmsgroyasion of prdigleidi liepatic erflagripniytion dtat wheinclhde b pegenitti ve
assays are.us I.t.i-onal crJ ia,.such as 1the use of ,.an exon 1 probe
for APP, ?rlﬂst %g%mﬁgogg&bt‘%‘ lggbf“‘f l?lled e‘gsﬁt&ﬁﬁ? fhgs’%r”l%nﬁ‘élr%?ﬁ%‘?"gf‘f &40 0pul at i ons.
Al though the PCR afadcyssfs cryepesdredion bfinative hefadbieLEdlB iPhi@EIS Hetifidbut Bik

express both AFP and al bunj n ecies, the nRNA expressiqgn_ levels are
very srall- | AGERoon ek BE A Lientain surcesfil SSioprectittiop ib deimed o dhpel o,

no det ect abl e akifify 1 Fredid téTidlls GOl mO%@uaﬁpér&ufebmmfmﬁ@*@taha tRR YRR OF' S.

Therefore, for routine protein assays (imunofl uorescence, =~ Western Dbl ots,
etc.) and for thegsandobairvayighiliticspd 7% ardwith e abilityrivnattach quie ditlessn Ol diney |
AFP and aljgunip zhf Baigth, Aich 39 sP@zl[dJ%Hé %vy%heéeﬁs%%tmgﬁm?gtaaﬁ td BEAGES-
This invention also discloses the design and preparation of "specific
primers of RTsucpesfully idcnagneave buffer Gxpe ausdivom spcht asePMEp DulbkEey” srivified

i soforms in h?‘ﬂﬂys S$uekifilT,'Of RPMI 1640) and supplemented with 10% serum + a cryopreservative
(most commonly dimethylsulfoxide: DMSO) and yield viabilities at thawing of 70-90%
and with excellent ability to attach. |

25 The special cryopreservation methodology of this invention is achieved through
the use of a novel buffer, a novel cell population, and a variation of this that includes
embedding the cells in forms of extracellula-r matrix. This methodology for the first time
achieves viability upon ‘thawing that is not different from the viability measured prior to -
freezing, immediately after cell dispersion (See Figure 3). Actual viabi]iﬁcs are variable

30 due to the condition of the tissue upon arrival and, in the present studies, averaged 77%
for the cadaveric fetal liver cells. The cryopreservation methodologies results in no
significant loss in viability by the freezing process and in cells that could attach and

expand ex vivo after thawing.
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henopoi etic cell popul ations. Three different conbi nations ofé&ly%@rs for
human AFP RT- PCR were used in distinguishing AFP nRNA ex A

hepati c and henopoietic 19 19 July 2004 |ineages. To test the expression of
AFP  in henppoietic cells, a exenplified in Exanple 1, the inventors have
screened several |ines of hepatlc versus hemppoietic origin for conplete
versus truncat(ed Meskers a@ﬁFlpWeCyAﬁnmy RT PCR, whi ch is the - m)st sensitive

techni que known fokyid lat es, d.in these
studies. The 5 datgj %q“f‘IIYénPSe lf‘tk'%{aqrgigA a‘tflgccﬁ é’é’@ ptigng that
conpl ete for mexpressmiphmsfetopratein Iw1tH omwshc(uﬁep@assmarwf dHRRER) madeisVRE abdegin
hepati c progenjtor a.tr ated formin a human cell [ine, K562,
derived.from gﬁﬁg‘ﬂﬁﬁﬁﬁc fcfl@" tki%g’ﬁf ‘ifﬁ S-c 8y fautling discovery isthatmagy of the markers
uni que to hepats. ocnggmﬁn i:erclmabmwuh b BetRopOIAD! (282cAN6rs] ﬂsw&enﬁy fiSpatic
probe for identif hepati c versus henopoietic prﬁgenltor cell” types.

This test is PSEF B?ﬂ“ﬁt‘?ns Jdhupeings eoley pstspior LD zeswifed) jnysignificant
progenitor ce |eJnﬁclﬁxf1an (it Jeabt LRI 1OP col AARA re%r@&' Nrp.t BEwhvbY S 9¥l %ﬁ fﬁ?c‘é@

desi gned nine PCR priners in order to detect the presence o

MRNA i n |iver pgsitiyeeslls sansbe yerified He bp bepatie pmmtmtB@n@omam@cmnmgpmm in

human hepati c aﬁ@ﬂl i nati ons
ot her thgn one ku{}?&f gﬁﬁ&%&%ﬁ%ﬁﬁ%ﬁam %ﬁgﬁutcﬁ%épo r:sga%ndo ﬁ’g P 15
MRNA. i n a Muneitharhepaticgiregenidois doe ghinathierie yekSGiess Abupiredi pdseitilyaidav@oictibi S
denonstrat es ts@ﬁ’b S’la&ou%f aE hf %s léfl%&g%gp forms of AFP, but not the

ne, °PS e i1

full-length o expres OWe result suggests that the only

useful primers for Thﬁem/erftiﬁnnges he pgique floal legtomkic § stcgty. detiggl thbe
full -1 ength AFP, Ihe eé%g)s&é&of which is nore, provably restricted in a
ti ssue- speci f cBhig “FF%%@’%?FI‘B“p’F|%P’§‘q‘ﬂq1%§?f@"t&‘fc§9f°ﬁ8§hﬁﬂaﬂc

versus hempor/gasgbﬁn&gIﬁngwdﬁ:aﬁ@fse@aaﬂhefrqrow @Hn@ pYRiRkss ik YRGAEEE tfap" M
of the AFP. Althou a truncated form of AF found I n some henopol etic

tissues, i igeft “Eﬁﬂ‘ﬁ Serptgpragsnigas celly. yHhe sprting; Sﬁaﬂeﬁés ta date involye sepioesmilhg
I't. Because acbisufaCqy ﬁ&r&rpﬁmgsuﬁ%%f 'f§eraf&JQ:CttérE t@ {Eﬁa ﬁg Pﬂingtﬂdx%pe%cc%&

henmopoi etic cells, albumn is al so anal yzed
hemopoi eti ¢ c&loms Hoeelsirslys 33342), 28e cgtanmian bar ad@lesvztteo.pad negativel digth icentain

gt o' e nBfbodl AR T2 ARBHRkR A ha Tt BRSGHA SIS, FERUET "
truncated foryis ;frmndbdl by peive mhrkezfseshmﬁdll:etwa?m depaticl dellesubpsimhlaions and

transcript, that co e det cted b or exon 12-14. Prior to
the studi €8 d slg?]i’% Cﬁ F‘é‘ﬁ’pﬁpu s(‘rgpﬁ?zsﬁlgcg’?r%%ge)r ature on herppoietic 30

progenitors, no onm thasx;eﬂﬁfenﬂ‘sGesa:hb@ﬂw@eiﬁ)rtE@ﬁﬂv&ﬂor@ideﬁﬁy‘Heﬁa&rpr&geﬁﬂ&%ﬁg AFP
' ic progenitors in human. Processi ng_ and :

or al bumn nor mal. heno
Cr yopr eser vat [11)3 sorgpe ferthose E&l;éfaatpggwﬁp&sg alpha-fetoprotein, express CD 34, which is

kinown to be a specific hemopoietic stem cell marker, and optionally weakly express

albumin. Also described herein, is the evidence that hemopoietic cells can also express
25 AFP, albeit a truncated form. The inventors have described a novel cell popnlation and
- process of isolation, identification, culture, and a method of using such cell population.
The success in the isolation, identification, and culture of the particular cell population of
‘the invention is achieved partly through advanced methods of isolation, affinity
debulking, high-speed fluorescence-activated cell sorting, having greater speed and
30 accuracy, and modified cryopreservation and culture techniques.
Flow cytometric sorting strategies are devised to purify liver progenitors from
freshly isolated eell suspensions or from thawed cryopreserved liver cells and that involve
1) staining of the cells with several fluroprobe-labeled antibodies to specific cell surface

markers and 2) wsing a combination of negative and positive sorting strategies in
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20 19 July 2004 In order to optimally yield dissociated hu | j ver
progenitors tromtetal or adult |Ilivers, the protocol di scrgge'Hlyr?z]Péli n
makes use of the upper fractions of a density gradient and excludes the
pell et. The novel variation to the density gradi ent centrifugation, as

di scl osed herej i.s tha he pellet (is discarded and.cells with a .|ower
buoyant densi f%age?ﬂ%ﬁ%%ng&gécﬁg@P&ﬁaeﬁt ‘?15“3?’885 B?rpflﬁgcaé'roacﬂféﬁ?‘)'ﬁ%r e
retai ned and Usege bagesifron hemashepeiesell phpalationd \camnbetsed-wiltblherd Lo dny Asd
younger cells Si . e, dilgelro%ﬁ% and cel Ig nore robust to qryopreservation are
present at t h8OHOGFMGE e mURGR pppepsfa bpLcage PORGSIPESiTiGr adi ent . The cul ture
met-hodol ogi es as dPeLif6ekdNAEBA G I8belik @eCcolR Oardl £ driRidtidiIg dinfprdveld §fow T O
human and/or rodent |jiver cells. Additionall the cul tures can include

bi odegr adabl eCyimete Sdis MBI etiowiayiemsis i otk Sireation evhigh gpresraells gt 40,000
conponents, apgskeiénd ahh%erf&%,sg 8ot Sorts) 9&&%@%&1ﬂ@g§lﬁéaﬁnw?&’stt Elﬁé@oﬁ he

beads for use in bioreactors. opreservati on nethodol ogies o

i nventi on ar eDigkeepgn’sdifC AR PRUS whidvsorth ecllsiab 2OHe000els/senondhandipeiformar t .
Maj or di stincti0 . -dif:f erent. . huff

cryopr eser vat Fan iy iefed stidn P S RaA it 0 B R o208 movellt
progeni tor 1popdgehati on which is low in density and thus, buoyant in

gr adi ent ntrifugation. Succ ul .crtyopreservation .of .mature.hunan, |iver
cells is ﬁ?ghly dohe Agresiion Hgéﬁ’ Fad Al e drogtnotegety Wr‘%é’“ﬁﬁ?ﬁ“%g’ﬂgz'ﬁ%lly,
successful crydpssparsions,i with iasclehe fgraimdofaclls BRowiabid tleyt diffefeheriova fkdie thel | S
at liquid nitrogen tenperatures (-150 to 18Q0C) and then to thaw them and

observe vi abi PigrundsEn shiEus PwiphaRiopone 1sigrpregsedir 4kt 8809 of sHed
Cel | 1ines 20,0, Ao deli sﬂgpggggﬁl}l PiileSRGIh 30 g%g@m%@} T£hl1%.] mmnge B

ti ssues, can be frozen suc 'y I'n an aqueous buffer (i.e. a
such as DVE, puwsitheaells 35.5504.Dfem-exiprgied’ abuit while 801+ RPMb b6 4lbiman gositive

suppl ement ed wi.t h. 10% ser + cryopreservative nost co nly. )
di net hyl sdff oﬁ?‘fﬁé‘!@ ex%%@;%ﬁd%?%la I%%feilyﬁsiq‘égf %?ﬁls P’Fi%{‘éﬁsﬂé%a'f@f’%‘ﬁ}“ and
wi th excel | enfidafit ldxpbsd Abdaind&dd 2006 ofllgllss&ﬁﬁésﬁhﬁfhlﬁﬁﬁﬁﬁ FRE hyebipaids alpha-

met hodol ogy of this 1nvention is achieved throug the use of a novel
buf fer, a novEtopseem. popul ation, and a variation of this that includes

enbeddi ng the cel |-gpd oé&{i&iso&fen%iﬁ%ﬁ&'lpﬁhﬁl}sle@axtféée%naxﬁé}é Sselll biRQ¥e f OF
the first time achieves viability upon thawing that Is not different from.
t he vi abi | it yshesaslor eeinplete sell suspessiens £i. s dncludingergid cels)yin Jlablerl dwhere GA is
di sper si O%(Sglﬁ/cfhgﬁﬁi %%&rfac@?&aﬂ%l-oﬁﬂeﬁtﬁyoi«fcgﬁ’sﬁz are variable 30 due to the

e al and, in

condi tion of I'SSué upon arriv he present studies, averaged
77% for the cadaveric fetal liver cells. The cryopreservation

met hodol ogi es..r,.esylts in no Lgnificgnt loss_ipn.viabilit t he .freezing
orocess and + Aeiet BeerRlpetces i Papiut RobwaroRs B Ravd bivbn tel Sutretnighans, 91
Percentage of these that are Positive for AFP :
- CD14 CD34  CD38 CD45 GA

25  Unfractionated
% inpopulation 3.7+08(8) 28205 22404 26+05 36845
% AFP positive 817422  72.6£42 S57.6+4.6 222+44 23106

Clearly, glycophorin A (GA) positive cells (i.e. erythroid cells) represent a. major
30  component of the cell mass but an insignificant fraction of the AFP-positive cells. Thus,
when cell suspensions are depleted of red cells by Percoll fractionation the proportion of
cells expressir_l_g AFP is increased significantly to 12.9 £ 1.9% and those expressing

albumin to 12.1 +2.3%. The percent of AFP positive cells co-expressing albumin is also
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19 July 2004 Cell Markers and Flow Cytonetry Using our current definition
of liver progenitors as i mmature cell popul ations that expri@dsly 2004

al pha-fetoprotein wth or without expression of albumn, nmarkers are
assessed that will specifically select these cells. A startling discovery

is that many ¢f KRS } 18- re cl.assical ones for
her nopoi et p[(:?é‘éabﬁﬁ ﬂ*ﬁgﬁzggaé%g‘%ﬁr@ﬁ@p%} ?t%:um%%PS‘B ¥ﬁ‘i‘%‘? e LMt Bns .

Thus, singl e ésTessedsord0s3.4%; thomgnnaiten dhuuegh is statbstigaliy sigafidant, ertel fSIMER i at
| east 9-fold Xxpr ‘AEP. wever, not all of these AFP-
positive cel I)giogg(%\uqﬁélj\?%%@ # %lg‘)[?g?%%hr%%% eﬁ'l“%"’g?@r‘??“\"&ﬁ‘% areshewn ipAablp g,
per cent age t h&getierwith tHoproportpesif eachenbgabwi kho%BrsPRM0S sthififg ¢6! Asp ar e

hepat i c prggenitors, and the others are 10 either hepatic progenitors too

imature to yet express al bum n or possibly henopoietic subpopul ations
that express @hiiha: Pataipdzetof 0D Poskive Pobil¥@ihk iPNiveS €S SudiliSiie {
cytonetri c sp’t&%d)a%ﬁst rgte %@Uy ng the conbination o#%% af%kgié’g]le%% n
expression, aft a5 P’;‘?’g At thySs Bakage Besithe foe®®R i ¢ progeni t or s,
antigenic markers and ot her dph@w cyt Qg i C cpagr anet sare pdentified that

15 define the_hepatic progenitor cells. The sorting Strategi 65 to date
i nvol ve sort sRedselldppleted Cj--Hs (< 15 mcron by neasures of forward

tter), ;4 hat, bl d (4ging f| ' hsi_dye 33342),
e agrant] acr BELBUBIA { (RELIS | SRLES  £ERPD AARPS BSHARper etre

are agranul a—+— Dy si poi etic

anti-gens (i.e% AFRpaitheri shawad baywean hepsie oelds pybpeaud gti ons and
20 henopoietic : cell subpopulations (i.e. CD14 and/or CD38.) In the

experinments described herein, the inventors identify hepatic progenitor

cel I's by sor stlcates! o pReseiit|of Artah & @ghys SIREESS, alPlgelelonrotei n,
| I C

express CD 34, which"is  known to be a speci enopoi’e
mar ker, and ofistribyad contimansly, Witk grodess prepdrisierance. ofAlello sittweing sthinihgtiateniifies | S

th e. evigen 4 oLl S s I xpress 25 AFP, albeit a
truncated f o?ﬁrtﬁ%h%;eslt%vﬁséeﬂr%tg 'otflg% %&’gﬁ%glg%gl eng)fa%ﬁ?g\éfﬂg&%ﬁ%s B’é‘g&f’%’?‘?t&ﬁ ©nd
process of i supeesiomof AHBs wfiiueatlh (I)38eakitive eellsartimadariiadiioh faSARYguch

cel |l popul ati . ccess_in.the isolation, identification, and culture
of the particurar 81%32% 3 Spur & iwglﬁctho o &’ﬁtépcf FURERE 05 Feliss 215 AppagRlg opegroup _

t hrough advarmsitivagohad®, tk oth&aiepitiven, Traé fid MiubtvatedROBpltieNgh whf&'hﬁygb\%js zeed

fl uorescence- ag i vat e% ﬁel | . sorting, havi nangrueat er speed and 3

accuracy, and“moarfied € §/8t§i38‘£59‘\f57 Hon o Pad D38 degettien Wit uniyagiate
cytonetrizoc dhstoira@s of dlghaeioptotl BxHE0R Bflcdl phlifive! rbbmm&&‘?ﬂf%.t ors from
freshly isol ated (;I,%IFI suspensi ons_or from thawed cryopreserve iver cells

and that involve & .rg,iuétp ey that a@gﬁ@-fgt@ptp@i%&l??)sie\peqsat_u ih| 1% @ptixbeellsainel ed
negat [ ve and pan £ ve Rari s S SCHrer TRRIETS, Bl gl S fupSimn)™ e

antibody to glycophorin A (an antigen on red blood cells, erythrocytes) is found to

identify a subpopulation of cells that did not express AFP. Thus, celis expressing this

25  antigen (i.e. erythroid cells) are excluded from cells intended for characterization of

hepatic progenitors. The CD38 antigen identified a population of cells that shows

~ significant enhancement in the proportion of AFP positive cells (i.e., greater than 7 times

the proportion in unfractionated samples. Both antigens have a ﬁumbex of isoforms,

depending on whether or not there are sections of the molecule, encoded by splicing

30  variants, present. Antibodies are available that identify the various isoforrns.
Tl?e classic marker for hemopoietic progenitor cells, CD34, is present on many
cells that also express AFP. The sorting of ceils positive for CD34 results in enrichment |

of AFP-positive cells at least 9 fold over that found in the original cell suspension (67%,
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mul ti paranetric flow cytonetric technol ogi es. The net hods f urification
of specific |I|ineage stages from human hepatic cell popul ati 8H§yégﬂ 4pe used
with livers fromany age donor, since the markers appear to be

l'i neage- posi tion specific The i nproved net hods of Iabeling the cells, and

a dramatically inp er ) Flo" flo one rom
Cytomati on Wm”b (E)]S%%P%Sétfvlcsccg‘ct vﬁ%&"oﬁl ¢ ogg'% gll cscg((t:) ORI 4Ry V%?%%vrcﬁs %%08{ or
sorts) over t gkctivb siaplewatbddy ot enficlithent pAATP { Bmt‘tmns El(dkmnmic‘h&prMTaAR
PLUS which sorts ceI | s 000- 6000, cell s/ seca erfo 4. co| or
sorts;) assi s®rearthe %"&‘gg’é’feﬁ'?e inthe :Efquﬁ‘Ona‘%&Q “B%fer‘g&? e Qt"ﬁ”éi
novel - cel | ?,g#mﬁdnqgl%l@rsﬂ'm;axpresm on of AFP and al bumn |ike

i mmunoreactivity is well defined in the .cell_suspensions, with a

group of célls shohreridiagly) e yiekl oi AFR-pesitite; sfls HSimpravRd by Hsing @FBWPHI'“‘Q‘?‘@ nal
(Figure 6). faﬁfﬁfce hRAER Ahls, s G @fsc%eé;cpfégm& & Afp Wosélfact&fédnﬂamdﬁons

unfractionate suspensions whi | bum n was present in 7. 1%
Anong - AFP  posif tshafececmhtkers 7. @tcrmxr@%te @S@hﬁﬁhegl%ﬂt@F thei rivtEchthel @1%011 ghes o

of al bumen positiy 115 cells lﬁ%@&egnghgs S60.AR. reIstéH:ﬂs @R RShokaTRL & XFB>% of

cells expressﬂ?’lg al'pha-tetoprotern not exp ess bum™ "and 20% of
cel |'s expressipogtied dulivienpressihgrsotfa@xparkers (tafmideahe f‘ﬁeldbpﬁMprosiﬁMecﬁﬂsbpmit i on

of cells beari n the .inc rs used rb V\ﬁfFJe& ?th hown
for conpl efe é‘é © ¥R %ﬁLiF?-PgSI Sffqﬁcfﬁ gF 0}’ no a% P V\iere
GAis 20 gl yewﬂermake: (et rthé Cenrivhmkeat fmaorrml Afropokithel d:eﬂ;l);)_ Rebile f.ibr
Percent age of CD Positive Popgb ation I nal éjgi Q%%_ ensi ﬁ@ and
Per cent age of SPmeatengal G4 41”{“@/21){38?’%@% 3%[1’@& 3’6&1@‘

Unf ract i onat edyd4 inRivRRAMnAkES A cbmpisdh8) 2. 8 0.52.2 0.42.6 0.536.85 %
AFP positive8l.7 2.272.6 4.257.6 E 622.2 4.42.3 0.6 Cearly, gl ycophorl n

A (GA) positive cells (i.e. erytbroid cells) represent a major 30
conmponent gf %a%el | mass but an insignificant fraction of the AFP
-positive Cell's hus, when cell suspensions are depleted of red cells by
Percol | fractionation theCPropofDsdn d$D380eI¢ElfextﬂIé%Cﬁ7d4kF(ﬂ)34s i ncreased

The per cont ofEREREEsi 06d A0PPd bt SABrELs: AGOd Bim HEPE 5 0 23 10 Ul y

2004 5 10 Yield 398+2.6 269+44 220+27 506+27 522%55

20  Enrichment. Percent of cells expressing either {or both) of the surface markers that are

also positive for AFP.

Yield. Percent of all APP—posztwe cells that also expressed one or both of the surface

marker combination
25 These data are also shown for the CD14/CD38 combination of markers in Figure

The morphology of cells staining positive for AFP is variable and encompassed
the entire range of cell size and shape in the cell suspension from fetal livers but not adult
liver. The largest of the AFP-positive cells, approximately 12-15 micron, is much smaller

30  than mature hepatocytes, ranging in size from 20-50 micron). This is illustrated in Figure
10, which shows several AFP-positive cells selected for the expression of specific

antibodies.



i ncreased to 80.5+8. 2% and the proportion of album n-positive cells
co-expressing APP increased to 89+3.1% though neither change is
statistically significant. The result of this procedure on18HQYQPB'bort i on
of cells bearing the surface markers are shown in Table 2, together wth
the proportion of each subgroup showi ng positive staining for AFP. Table
2: Percentage of Cmﬂb&sbsa/eerﬁhpprb tienof ARP-positive delll bhoSHBPXEseidn I By

. Depletion of Red Ceéb%&% enta e&?f these that are Posjtive for APP
C1514- CDG4 OSPRCeRPaic Mol Bl Sydlf) The aprsanee; s Sinsa AFBrpositing “milt cells 0. 5

4.8 0.9 8.2 i{ilfasttabedth FigulER1Pe8d tid/@hé8 they dre 201h Par@d wathShe Ippearaicd of2- O

1.3 1.8 0.9 In nost, cases, the presence of AFP in the subgroups sel ected

by cell surfa&@ipogigye/AEP pasitiveells (igrresollbiand b168 sortesi ram the spmme puspension.
preponder agce 1@t ngﬁlrésa 18 M 1%@&%&&& m&%&@&:btcbﬁas@ém&d}c& Smfl ¥5d ir

range. However, the distribution of CD38 positive cells respec to co-
expr essi on of 1i¢pad d ldreq@&F inpupBgorpwssiicei Yeis cidar sha \‘kinlvddﬂll celit sypeisbane i on
for AFP-co- e [ t f_C

arc appar ent . PouseethrScBRRR &ipk ol orshitacd bl bl 0HABY wifller
illustrated i mﬂwmthmtbhcm&peamccsﬂattergram of cells stai ned for
expression of CD14. and CD3 to nivariate. 20 histograns of

al pha-f et oprot ei n Sk FHEEET, e 91- 515 é’ 68‘&%%@”“‘;0?’%@5?? %fﬁ %F&@ﬁ“%ﬁ *The
resul ts show s ziCANH CBH@*DM(QICH)Z{SAH? oullifr 411 6 tharkers i EIAMhQi:ﬂeicﬂ s in

single cell suspe ns, of feta ver _tissue (i the ori n cell
suspensi on) . @n % mwaycﬁ%ﬂg{%%ﬁ%? Picrans &) f%fﬁ‘i"ﬂg%ﬁ“%}\ T’é‘ﬂl’ nBHBEé’él | s,

erythrocyt es) wiese fomed &dlis isdQRfaill YelR $4DPP PRI Nwith Ofitee i dplalia not
express APP. Thus, cells expressing this 25 anti erytgrm d ceII S)

(1.e.
are excl uded PAclprsicatoplasmis: wated AluEn @ndipm AFRT T zgﬁqfdﬂomhdoa’ifeﬁﬁthﬂcwﬂs see
progenitors. F%%r@%qzant igen identified a popul ation of cells that shows
significant enfrancement in the proportion of AFP positive cells (i.

greater tHan 7 tinmes the proportion in unfractlonated sanpl es. Both

antigens have r 0 e or. not_t.h 'are
sections of t@n%{ibgh %tc%zf]agélge %@ha%ﬁgp%elggx f’m hﬁs} én Fﬁpagsaé‘ﬁt Kailt
Anti bodi es ar #umsailliwpl e that identi fy the various i sof orrns. The classic
mar ker for henopoi gt rQ eni t og ce S P cells
that also express %ﬁ?fc # %FI"PWFQ“SB c‘@lt"’f%dgﬂa S\/frér? Pmﬁﬁﬁq&@élﬁ“i‘% fn
enrichment  obduiEXils RiRs iekp r&!ﬁ dhftalfetopioteirt aFhis Qnettoldglo8y efiabldd Bhe @ Uhriethé he
original cell suspension 7(V% 24 19 July 2004 in the Cl334-positive cells

vs. W i n 2P he MSFPRHG8| anéél%co thesretedls gl tomém\fbmlxme loggtion gef- m&rﬂw@e’@rv e
singl e anti bogdhdif, simras mﬂa AB, ARPRQF b dmtRare Shif e nSarkdehAR VAR an

produces a greater than 11 fold increase in the proportion of these ceIIs
conpared to tK&38ridfherpressing cells are found in both fetal pediatric, and adult livers (Figure

12a). Fetal livers, as expected, have the highest percentage (6-7%), whereas adult livers

have a small percentage (<4% in young adults) and with the numbers declining with age

25  to <1% in middle-age adults. No AFP-expressing cells have been found in a liver from
donors older than 57 years of age. The few hepatic progenitors found in cadaveric livers
are enriched significantly through the Percoll fractionation process to yield up to 2% of
the cells in Percoll fractions 1 and 2 from the donor livers (Table 4).

30 Table 4 shows the cell size and viability from fractions of Percoll-supplemented buffers.
A Smaller cells (fractions 1-3) have higher viability than larger cells (fraction 4) after being
isolated under the same condition.
Table 4. '

Percoll
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popul ation (81 %versus 7 %9. 5 Accordingly, the yield of AFgJ-&%z)ioai ve
cells is inproved by using a conbination of surface mar ker 49 J¢ . 't he
extent of co-expression of AFP with sel ected conbinations of surface
markers is determned to establish the extent to which the selection the
intracellular marker is increased. The data are expressed as the proportion
of AFP- positive cells expressing surface markers (ternmed the "yield" of
AFP- posi ti ve C%CF‘F@P and to aglai("lll‘&(@ opor t i G ¥ige M %rp- AEEY esllse cel |'s that
“appear in the pogid,ation definggd by the .supjace marker {iegped the
"enrichment" factor for AFP positive cells)- Results forb'tsglg%gi nati ons of
CD14, CD34.andfr@mB8 2are shown Bé Table 3 tod@dher with tB&results from

i ndi vi dual mar f,or conpari ggn. 15 Tabl e Enri chrment__ .Yi el d CD14.
onaacossepLa EbacD 4 Wan B8 s 2 00 K385 6 4 bee<87 % Sz 3.9
39.8 2.626.9 4Frddn@d 2. 750. 6 25852.25.5 20 EHs0chnment. Peradgs of cells
expressing either (or both) of the surface markers that are also positive

for AFP. Yield. Percent of all AFP-positive cells that al so expressed one

or both of the sur f'nﬁsbresmkﬁrcaﬁ@ﬁdaambtgans%ﬁefmﬁ@msaatmﬁwcail&@m;m% for
the CD 141CD38 conbj nati on of markers in Figure 9 The norphol ogy of cells
st ai ni ng posi t V&/bax 19F ogeptrpusplagiation,inglude, thoge fxofp yquagsdenotsi et Yearsiofiage of

cel | "size and gfaReh lifed Be fr@biabyUSRARS WithinfthORtst 80 Rouds! URS RearPhibesp Ofrpadul t
liver. The l|argest of the AFP-poSitive cells, approximately 12-15 m cron,

i s nmuch sn#l | divesUirem geriathig Rafienty 74 tveury pleage) e ingpprgpiizie dpgoes for gl thorapins

mcron). This jg. 10 ol : ' e )
P-positive celﬁng ﬂse}eqag%%l%ﬁbfg?&t ﬁ@%g %[Sg%ét?’oeﬁﬁ%ﬁﬁl? 5‘2c. e & %ﬁeﬁiﬁﬁ%}sh.a"ES 19
July 2004 | n ditlle dhismy mgenerativd waacity drani dwepasic preRenifpos iatd \oalyc ¢bd snisincilv no
expression of an urface antibodies . in.this study. The appearance of
Chose. AFP. posi ErEbit it ARt Bt Sl o e Mol os 170 and 11c
where they.are conpared with the appearance of CD14 positivel/ AFP positive .

cells (Figures /1 |b gﬁg.l | d) sorted fromthe sane suspension. 5 The
Figures 1. Pa giugatio # fferential interference contrast mcroscopy and

the Figures 1lc anghelintkntie of\GRs invebitf hiver 86w e NER - isthenicall | Bahgdd Blerhi | €
b_ot-h cel_l types are -

contain a heﬁatic pfogcnitor cell population capable of growth and differentiation into
hepatocytes and biliary cells ander both normal and disease conditions. This invention
stands for the proposition that every position in the liver lineage is a distinct maturational
20 stage, and that there are multiple.stem cell populations in the liver.

Surprisingly the liver of the instant invention provides 3 separate maturational
~ lineages: one responsible for hepatopoiesis, yielding liver tissue and with cell fates of
hepatocytes and biliary cells (bile duct); another for hemopoiesis, yielding blood cells
with cell fates of lymphocytes (B and T), ‘p]atclets, macrophages, neutrophils, and
25  granulocytes; and a third for mesengenesis, yielding mesenchymal derivatives and: with

cell fates jof endoth_elia, fat cells, strbmal cells, cartilage, and even bone.

The isolated cell population of this invention has gri:zit potential as successful
liver-directed cell and/or geué thcrépy. This invention, as described in the Examples, has
made substantial advances in identifying conditions in which nonhuman primate as well

30  as human hepatic progenitors can be successfully placed into cell culture and maintained
while still retaining their capability to fully differentiate or to mature. Following the
teachings disclosed herein, it is possible to isolate from cadavers and maintain
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positive for AFP, the cells staining negative for surface a3éiJ8erz% re
consistently smaller and |ess conplex than the CD14 positi W00% | n
summary, the markers for sorting hepatic progenitors are dycophorin A-,
10 CD45-, | CAM+, CDle and/or CD38}, or null for all these markers but

| CA-M, diploid, agranular (by side scatter), less than 15 mcrons (by

forward scatter)...TIh not.ype of. these sorted cells js smal] . cells (< 15
mcrons), wit h“‘%dfffﬁnga%eﬁ%ﬁ%@mgﬁf%%m ‘H’S‘%Fea&é/"g“iﬂt %rfﬂcg m fo 3 diffesyntialionyyni n
~and/ or AFP. Foassooiutqahnddiofer ainsplagtagel.| s see  Figures 10-12. 15 Conf ocal
Characterization of al ha-fet@g rotein-Expressing _ Cells in Fetal and Adult

Human Liver. Conf ol$F2f &F BeaBiy fosst thn e¥apd it viitee e (paly @gpulatiom of thisn
fetal, pedi at ringentiof, sifiitlté cOBih hehbffictRNREESS cal Weseﬁ%};%é@&éhfhe{bﬁa

met hodol ogy enabl es one to observe the 20 norphol ogy and size of these
cel s and to sHEaRsiny dbis|wouldliminge the gecessityifpr majerinyaniversurgiosd wiseption ofithl as
AFP and ALB, ah@eithalvepf menbrane surface markers such as CD34 and CD38.
AFP- expressing cells are found in both fetal, pediatric, and adult livers
(Figure 12a). Fet &mncpithechumangkepatiqprogenitorshare establishid fihewturg ageoe esder is

(6-7%, where Y . [ e (<4%in ung .adul ts)
Snd w ih the neHROid Fiaiehconites il Tl B I ot AR RE
AFP - expr essi ngeediainpleavdddidatia)f duriohpomtanh corisidesatibn airthis goinoissha ki fddnan 57
years of age. The few atic progenitars found,in cadaveri.c |jvers re
oo ched <R 1 Baah d1AgMEh RO FRAY Besvanr (o< 20g Uik g o 6 gl g
up to 2% of  tpegeaibisof ithie ide¢ntion ksighifaddyadieidd vads ﬁrﬁﬂcym?v;iasgﬂg%hgihibﬂsqr S
(Table 4). 30 Table_ 4 sho the cell size and viability fromfractions of
Per col | - suppl éhesst edlspefier ed. candidates ofor cgqup strimsfescto diNa- 1- Alson hre SVRST

viabi l'ity thanhh@r@gstics 8f ihe cbil paRidtoR of ikt &ltioR ?El@ﬂts thes @deth G MRERYS Jn?e
sane condition. Table 4. Percoll 26 5 1 9 July 2004 FractionVi abi | |%y %

Cel | Size (Ii.7ansfenpsing certafn generdglivery yiralgyectorpitpt will regnire gell petifaationofors 29
Fraction 3%515&&‘56“?#%?%“‘&)4&*:‘{‘}6“3%%%5 £25-50 < 0.01% These results indicate

t hat donor organs p era or liver cell therapies as
- ' ’ The progenitor cell population of this invention is also suitable for an autologous

or allogeneic liver-directed cell or gene therapy. Clearly, the use of autologous hepatic
progenitbrs will eliminate a_significant concemn regarding rejection of the transplanted
cells. 'I"hc cell population of this invention is particularly attractive for allogenic cell
20  transfer, because their antigenic profile suggests minimal immunological rejection
phenomena. Moreover, other celiular elements, such as blood cells, endothelial cells,
Kupffer cells, that are known to be highly immunogenic are substantially eliminated
through the purification process. |
Once the autologous or allogenic hepatic 'proge_nitors are isolated and purified,
25 they are be gcncﬁca]ly modified or used intact, expanded in vitro if need be and then
transplanted back into the host. If genetic modification is desired, after genetic
modification and before transplaatation, those genetically modified cells can be expanded
and/or selected bascd on the incorporation and expression of a dominate selectable
marker, Transplantation can be back into the hepatic compartment or a heterotopic site.
30 For transplantation into the hepatic compartment, portal vein infusion or intrasplenic
injection _cdﬁld be used. Intrasplenic injection caﬁ be the administration route of choice
‘bccaﬁsc most of fhe hepatic progenitors transpianted via an intrasplenic injection move
into the liver. Ohcg-in' the hepatic compartment, the transplanted, genetically modified
hepatic progenitors mature to a ﬂorﬁial hepatocyte morphology.
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wel | as for organ transplantation include those from young ﬂg &s Ld to 45
years of age and such livers are preferably isolated wthi Y 490t 30
hours from heart arrest The xo livers fromgeriatric patients (>71 years of
age) are inappropriate donors for cell therapies and perhaps also for

whol e organ transplants, especially for children, since they will have
little if any regeﬁé{ﬂﬁlﬁl @Q@Eﬁbmwutcﬁgm aeipidnites officags off bepasic angtafoment of he

15 Vit ur at ony® (FREanSA RRRH o | DuhFu AR RIS R el

i schemically hdpﬂmgunbr hdxmarssatmuooftaa'gingaleherﬁmqrsam aemgrowth faetots qmam thti on
capabl e of growt dlff nt t| | atocy es..and. biliar IIs
under both norREFERg ﬂ“’a‘. 38 gle C ﬁl %Pﬁantt&'llh %?fe%ﬁ‘&%‘im&"&ﬁaw

proposi ti on t haksptamethe gpmﬁllmodlﬁcd lli@aﬂotyte;rto hlhﬁ&ﬁgﬁpzdz sitea di sti nct
maturational 20 s at there re. | tiple.stemcell ul at,i ons
T the. |1 ver. Sur pp sl it Sepy, ibcopeos ot meneBii IVRIENE SurERDY Fiests
separ at e mat Ureffidagy)aihis |chd Ba@@Sto 1@ Eack ﬂﬁpﬂi&sdohbﬁccﬁl@bmﬂeﬁﬁémel bﬁnnantly
yielding liver tissue and with cell fates of hepatoctes biliary

cell's (bile dddullivercellsnd argshordisd giterdsdationyand F‘HFJﬁ‘"gFOE} ébédfl!@?ﬂa ghe %etOﬁ
cell fates of liMRBRCYLRE Bk g FomunBlBical ?eé&:tloﬂaﬁr ﬁ’:@ﬁﬂ&ﬁ‘:ﬁ caQ@(kﬁ]er g@%lhl:s

and granul ocytes; and a third nesengene yi el ding nesen
derivatived arpdogsniter eadls| offert g@a@t effictoy hiesciuse ¢fathe@elhnstcd stapanig| tq:@lhk:g

cartil age, a”qmmYnﬁ{ﬁ 0A1° e 6 | @%h&fx@rﬁ S8 | b &" 8‘1‘ Oefxt };Q’vé ﬂegé/n%fb#rgn

has great potentl S¥stdcessf Iver-di re aror gefie erapy.
Thi s i nventi ompoteasiaildescri bed in the. Exanpl es, has made substant i al
advances in identi n ditions whi ch. t.e wal I 0 as
human hepati c prog&?vfhlgf r}gﬁclbcetﬂgﬁ%&cs?%ﬂ% ﬁhlg%@g“ﬂ‘ff’”? téch d JHegHRiC and
mai nt ai ned Wit tlerls’s,t thel mbﬁtﬁipﬁlaﬂg'oﬁtheﬂof d&mﬁlalbtﬁcédp%‘.stlﬁ;déﬂ ldeyel6hdner eﬂ%&}sat e
or to mature. Foll ow t . teachi ngs, discl ose erein, i possible to
i sol ate frigm &Hﬂa?fg‘%ﬁg"ﬁd’aﬁ&ﬂﬁe& %}“}2% @03%?%%6’@{% PP E’ﬁtaP‘gFé%Fm“t
hepati c progenrkpressson oF thaNekidfse BXNEvd RAB tiwp Sr‘%hthtﬂ'i@%ﬂnft& @nﬁ(ofr fu&! mﬁjbéthmen-
associ ated nedia for transpl ant ation. BecauSe of t

si gni fi cant | y VeStpaAamehpw tatgetsd te thescrrpgendan sl pepyations) w BTOV‘? m@rﬁffeﬁhve ,
simlar to celgg. i J&&HBQ% 8 in?rohﬁdé&%g FivoGfiD nﬁﬁ&ﬁﬁ@ RiohEht thS GRPedir. €X

i e
vivo 5 expansion. . This would elimnate theé necess for majof invasive
sur gi cal resectisoriheimadifed @‘élsehctﬁé ahd\temtm@@eda in vévoaurkhn ddwpdages of the

t . f
P Ot ol R aSeEti el BEdd oyt Gpa BNtk ARS HEY: hihien Bl a0, Theull) o
(see Exanple meﬂmiﬂﬂogwﬂ reaptiondparidrtair 4biliny te diffetenitintate prodade thdnemuqs)bnmgel S

t hat sone for l?ene transfer require rapidly growing cells, .and
si nce human di‘ eé 1s and/or

t'l

Common or Interdependent Lineages
.25 The improved methodologies enable the inventors fo more closely study and
" characterize hepatic progenitors. These studies reveal a specially close relationship
between hepatic progenitors and hemopoietic progenitors indicating a close relationship
between these two lineages. Indeed, these studies show that the progenitor cells of the
hepatic and hem0poictic lineages share numerous antigenic markers (CD14, CD34,
30 CD38, ckit, oval cell antigens), share biochemical properties (i.e. transferrins,
glutathione-S-transferases, and a truncated isoform of alpha-fetoprotein), and have
extensive overlap in the culture requirements (forms of extracellular matrix and specific
hormonal requirements) for expansion ex vivo. The progenitor cells of both lineages are

located in the same sites within the liver acinus. Finally, paracrine signaling is present
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rogenitors of the invention significantly divide under nornal
Bhygi ol ogi cal conditions, thesg cells arg | deal candi dat esqSJP[yg%W&
transfer. to liver. Also, the growing characteristics of the cell
popul ation of this invention permts the use in an ex vivo gene transfer
using. certain gene delivery viral vectors that will require cell
prol i f erati onthroughottShe t4lis of thet twganasurniorat tineagesafivkt BsjEnels pratocedineeach of

progenitor ce 0 ' o) - i i s ,al .Sui t ab for an,

aut ol ogous orm eallﬁjqc%es%%"gﬂﬁ (E_/eél% %?’reeéc}%{%gﬁng%' %‘Peeééﬁés Pﬁ%ﬁ?‘}ﬁﬁ‘éﬁh@%t‘éﬁ? 12 the
use of aut ol ogomsiohdinaigecor 3t rthe @erytledss imeddbpenticsrilinaiges detwikn) e hépané and
concern regar gi n r'e(:tl ection of the transplanted <cells. The cell population
of this inventPBWPYS9E Yicularly attractive for allogenic cell 20
transfer, because fThetdll Fophiabi6ay disdhssed hbr@inSeH AR Pusified Bhd'Bhlideamd HRIPSier |
rejection phenonena. Moreover, other cellular e|lenents, such as bl ood

cel I's, endot h&pelerhemappistic cqds or hepatic desivatives fependingor s wandidonsainkerwhigh

| mmunogeni ¢ Ak P s3] ot GieiBhn Thed if e B REneRMdedif lodUGRESS
Once the autol ogous or allogenic hepatic progenitors are isolated an
purified, théeyspedipetegéailytgiveniiseyo mydpfhicogpoieticdasivativesHi€ introdwgsd iute diven
vitro if need . pIPaF]] [N t f |

modi fication |ﬂ£é§ gg‘lﬁ‘rié%%gy %lre‘?eﬂg'ene | %dpﬁr%g%ﬂac%t@?fgﬂ&gﬁgﬁlbcgp (L) rnéag&%ad Ex

t ranspl antiat i @ive. tTiesforgchiekadal dygtems didculattdoeitt sclicpopulatoesxspand éet a sendd or
sel ected based on the |ncorparation d _expression.of a ILpate ,sel ectabl e
mar ker. Trans ﬁ%ﬁ'??%{ﬂiaﬁ)#%?ﬁsn&%bﬁepﬁg%ﬂl i %P&ﬁtéc FlagALPe %%%t’r?éﬂ% ‘or a
het er ot opi ¢ SIODAS") caPrekdf intceld poiladhawite Anltiplefatde hepatic conpart nent,
portal vein infusign tgr .intrasplenic injection coyld be used, Intrasplenic
i nj ection can be t ABCRHEMRCERH ApRGhok b el BPPLaign R thip drauiies ket same pfie
hepatic progepe@iisintth@psiach ApMy @ spiifid PrbgshRbeNGuitideSati kN CIHRY eCDBAt O
the liver. Once-in the hepatic conpartnent, the transplanted, genetically
nmodi fi ed lhephes beeprusedas o GPBVoRiPRLPSItVS sgleqbioharrkee futhemppeictin ptemmotedgpf 28

19 July 2004 1 I i BhtidAr ' | fl f
hepati c engraﬁ?%leﬁr??ﬂ of ﬁg trathog"p?s;ﬁg&eig&ﬁe%g%"gﬁgg%{gseﬂr?iaf%ggzsetf,&nq"%gf)énrrgdeI S
have denonst r gtagenitdrgopulatiopasuch as the hespepoiaticany thedwpaicprognitarceld populations

angi ogenesi s f or nd [ arowt [ i in the engraftnment and
viability of tw%gcthtcfl%ﬁ@ﬁ?%%ﬂggb%‘%ﬁ‘g notg%/{@gé.a?%\'?\d &F’t%grruﬁagtp f%a"ésppr oach is to 5
transpl ant the gen®he¢ ask ot hvnchinfhiepdichemmhion taesmbny andndiveseot Dipydncladd:d) To
date, the cell therapy appraaches with respect to Liver _have show only
todest | eP: o g bl Cs H pRodtbtioh s B ardpt: abRSREoReRALs e
used are predayidagntéwlopaest; 15) | grvein Metdfsctail AkRgSAOCEH] by 86stdFéevarions

I solation and reinjection. In additiaon, the use o adult cells results in
strong i nmunotBgpe-sgeciiis) fagtersyp) Ivsr colb thepapiesny) By osene tharpins; Bt bicartificial

Ito(rjogle I” l:lt ;)r Cehibdrs GhACEanIbE A& irf TdsbHAE VioRR6RERA fHa hithibroblalMshitksC BRAGH T Y

manufacturing, or clinically as a liver assist system. Considering the possibility of a
25  comimon lineage between hemopoiesis and hepatopoiesis, as advanced by the inventors of
this invention, the same cells are suitable both for hepatic or hemopoietic fates depending

upon the microenvironment in which they are placed.
The availability of highly purified human hepatic progenitor cells enable much
more extensive research on human cells, and will certainly facilitate the development of
30  successful forms of liver cell aud gene therapy, and enéblé the development of human
' bioartificial livers for use both in research and as clinical assist devices. At present, the
limited supply of healthy human tissues precludes clinical programs in liver cell therapy

or in human bioartificial livers. The diploid cells, including their progenitor cell
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I mmunol ogi cal rejection phenonena and because of their extegﬁivF 0
regenerative potential. Wth respect to gene therapy, the dSyﬁ§-éfforts
make use of "targeted injectable vectors", the nost popular route for
clinical therapies under devel opnent. These 15 approaches have had limted
efficacy due both to i munol ogi cal problens and transient. expression of the
vectors. Ex vupgoRdations phiaingd Yoy drive uifigient expapsion petenfial it seatlabl e
vectors somehgwial @gtigdeliQuigipse progenitor cell popul ations) may prove
nore effective, since the vectors can be introduced ex vivo into purified
subpopul ations of Therfellqyyingexampins aregBugttive dud apeouit inteaded witedinithgct ed and
reintroduced in vivo. The advantages of the 20 progenitor cells are their
enor nous expansion potential, their minimal, if any, induction of .

i mmunol ogi £al 6r eackxagmdes and their ability to differentiate to produce the

entire |ineage of6 tli{e cel Lst. onmon or.. | nterdependent Li neages 25 The
i mproved net hodol oY es%@%@&% re closely study and
characterize hepatTie ¥MepoRtint@bisversTde sahabridi @3 hepeall il PRAL ahiay of bpse
rel ationship  between hepati.c progenitaqrs and henopoietic progenitors

i ndi cating a E?@s@@?ﬁé‘f‘&g?‘g%’fsﬁo cﬁ‘@{‘\ﬁ& odp anddfhen,pr _?f’e‘&ﬁ'ég‘?fquﬁﬂ‘é‘!éﬂfu_ﬂg hese
studi es show gdIRperaS/pRitaIay Yotenryreichlsy @ifsobiaR thdNRL | L3Nk C%g@&ﬁraﬁ,' ﬁral_ng

| i neages share nunerous anti qg;enl c markers (CD14, CD34, 30 CD38, c-lcitl,
oval —cel | #&int Pyas §3-3Q mipdes,depening omthepsizsnfithe lier( the dissueria psgseady thrangh

gl utat hi one- SHcERBRICEAS @Fion FHr 8r LI GAMES chrif kg H&%iﬁi(nf Q%ﬁ&oﬁé%ﬁ' n).
and have extensive overlap in the culture requirenents or of

ext racel | ul ar dipseriaiicn pracesspdbe dissociatedroniinart rinemgluwitie abniler) contiiniey gamsiton ex
vivo.. The pro | LQl C | i r I ted in the sane sites
within the | i%g‘?u‘%%it%eucg’h;’%f‘%ﬁl“?@?‘ﬂ%‘aer ﬁ%ﬁ‘%@f‘é‘h"a‘ﬁ%ﬁ%"? B%8F&sent 29 19 July
2004 t hr oughout t Hehecpdrfusionfbufflas, Pivandr®ly et placed| inl 4 naegdmth tha?°d s Taegnal s

r oduced each of . the lineages. teqgul ates cells in.the other |.ine )
Prdang. i B SBERh daaTien obt B MBS RE e b it o Pebine
| east i nt er degagonghoiit tHeipacfagas TRIBIEER atd yb@RRHidarindtle pB@IRROT Al h®iggh! S- 5
The cell popu abl ons, di sc) O,Zéaq? her ei n_can e.puri fied and utilized to yield
either nyel oBfi8AbPAMET witl 1% sthapolfellowsd byistilled watseanddberowith Rbtoasssurme
condi tions unger thvhirMas bédAeremBYddsticth glei oAl efhealdr GUWahiifd -u_ﬁg%;'%Teiﬂ_t)nt he

cells are reintroduced in vivo into bloodod, they could potenti lf/ gl ve
rise to nyel o®2nRER Aiogbp dbreangrenaedigratipaied to 60; mk yysiaee txifipsl ise oMl butfeney
shoul d yi 8§ d hioigh nkelives psiftPlohChiob FARIERATIO b the AR Werdoll of B fver for
mai ntai ned ex 107vivo. Therefore, bi or eact or systens 1 noculate wth cell
popul ati ons slergeepedes of diver (106300 @)t i Kperthe cizes whel ian emtileoliver Holpabewnmead

hemopoi eti c .pﬁvgﬁﬁﬂ«l,,tﬂ?errﬁmﬂmtéa of the %[r)%%lwa c%u-bgicgnétlxﬁlated. The various blood vessels in
chunks of liver are tested to learn which will offer optimal perfusion of the tissue. This

procedure also removes any excess blood from the liver. The chosen blood vessel is
25  cannujated and sealed into place using medical grade adhesive (e.g. medical grade
“superglue”). All other large vessels and surface openings are sealed using the medical
grade adhesive, and, if required, using Q-tips with the adhesive to help seal the openings.
Once the adhesive has dried, the liver specimen is placed on a nylon mesh within an
appropriate size glass bowl. The P1 _buffcr is added to the bowl, and the liver submerged
30 in the buffer. The bowl containing the liver is placed inside the perfusion box, and the
outlet tubing of the cannula is atfached. The P1 buffer is recirculated for 15 minutes
starting at a low speed of about 24 mls/min and then slowly increased to between 58
ml/min and 90 ml/minute to optimize a flow rate with an acceptable back pressure. One

must check that there are no excessive leaks of the perfusate from the liver. After 15

31



CD45 ") can result in cell populations with nmultiple fates. én“ﬁ-‘f]i\?ﬁim
| nportant aspect of the cell population of this invention ist one of
the cells in the population display a specific progenitor cell surface
antigen CD34. CD34 15 has been used as a conveni ent positive selection
marker for h enmppoietic stemcells of bone marrow. This invention, as

di scl osed her dniutes, g ddt Buifpstis gpmoyedsirer the biopy aad yreplagedgwith tthe P2 buffer
popul ation, s Btaﬁﬁn AT L, et ' ktor. ¢ .

popu] ati ons V\Lbk% I C égtaiggs? E’Eﬁ%ﬁ%&nﬂh}% P%glﬂ: #ggg %ﬁﬁﬁéetgdcﬁugﬁggwan' sgﬁiﬂeﬂﬂy
pre-clinical phgegtedrevalufied bysebriorvetsiomeof livepfiomalagk wddish bowa tapalertioynand

di verse. They _include: . 0 research.,on.h ells: 2 roducti gn of
vacci nes or an ?\%yraquésfn}%’)c'ftz%!@%?ﬁx%é? oArveR; ttglgggg’“&ﬁr)’k&?:%fﬁlﬁﬁégg‘?r (r)FB?ﬁe,r 5)
protei n masuf atdnBO-250m{mes.NQndcthe patulsin ass dided, Shef R budRf isQdined fediR teHa@gi fi C
factors); 6) liver cell therapies, 7) liver, e therapies; 8)

bi oartificial angﬁ{;é}vgrtgm.tenggﬁl tﬁ‘éb?}%léﬂai:’r?ﬁ}gécg’gg‘?"éh, t oxi col ogi cal and
antinicrobial studiTas celPEulagd MeditRDMENDIsi @ed ©/th€ bowl, G@tl ¥ cauda hridiBE
assi st system Considering the possibility of a 25 common |ineage between -

henopoi esi s arfdheibsds spenved plons yath 45y ypdisestadyregines ofifbe Hyesr dThercapsuly of the

I nvention, the; Hay=1E ' ot | B h oJeT =1
fates dependi ﬁ“’éﬁﬁ%ﬁ&% %gaﬁﬁ%} ﬁ%@@oﬁn@ﬁ%griqﬁﬁﬁghﬁvgﬁ'qu%a%ieﬁ{s €%ﬁe
avai | abi | iX0y a¢ledse$hiithe digested; tissuehintoathe medinm lpaying ehind the eophdctivetisdyk andruch

nore extensiv A e ) he
devel opnent ot%11 & ggagésgége@é}?@'%?ﬁ e%)t?d [ Vg?l"f(s:gﬁ ﬁ‘lgo:]%‘ggeneM{ %léﬁrtg%%,ﬁh%ﬁ%
enabl e t he deviaoaginesdricodf differant stdeddietsi fThe fidters afd pleced tiside alampelfmidel fonaid
research and i_ni cal., assi st, devi.ces... At esent, th limted s |y of
heal t hy human%?? g“‘ptrg% ?iﬁ%ﬁd Ea%éﬁll cglfﬂéfegrgﬁr th’gﬂﬁ‘ ﬁ‘slu}gieel’ay%re‘f‘flt ‘ﬁ’tef’ﬁ??lg or
i n human bi oarfblidved Bl a 40/ g mFlon Tleer,Gind I thindtheRkh 9,70 NTEASH Aler! NBHe! filtrate is
progenitor cel] 30 19 July 2004 subpopul ati ons obt ai ned from cadavers, have
suf fi ci ent!Sexghridsdaquabtiatercrririfugs tesand contrifyzed ot Hh &for Aaminttesyi t ed suppl y.
The following examplies cafifupddod o td HE aBRHRECPARYI, tuatsg%ﬂa&z@s}a rred to
davers The livers

limting. 5 6. Exanples 6.1 Procurenment of Livers fromC
f rom cadaver s aaithe Frattivat letfly.edo e pallet pfosellsnl DMEMh and/igetanic feecollgre added ot h,

perfused with.huf [ m.nak I X t r fus ] ers
cont ai ni ng cgf \g}gﬁerﬁaggaéigfo 6?"& e ses&g)g %%%ﬁgﬁllg’caa{% P&ﬁg%“gg’?%%g%@%’%%ﬁs_
After the di gestunens stspkaded il 80 mésuetl PMEMbang0l Onmls uif éstodéyiRaneblin gitersatlple isi ze
of the livy

of the LIV a3 By P ReetsRas) DB Al b

process. The Quspedtinditeneifided agiif ford Tmadtediat 200 (DYGT to R4lh Al pRiiGIGeRAEAM t O

i nactivate the col.l af%epas,e and ot her enzynes_used in the perfusion g[ ocess.
, to as the raction. The supernatant is centrifuged again now at 600-800g to obtain a

pellet referred to as the F2 fraction. A final centrifugation is done at 1200-1800 g to
obtain a pellet referred to as the Fl fraction. The cells of the different fractions are
25  suspended and assessed for viability using the Trypan blue dye exclusior assay. The
viabilities of these different fractions are presented in Table 4. |
Cells that remain bound to the vascular or biliary tree of the liver tissue following
liver perfusion are retained. Tﬁese cells are found in the original suspension of cells
obtained after enzymatic perfusion, and are typically left on the top of the sieves {e.g.
30 chéesccloth) after passing through the cells in suspension. These remnants of the vascular
| and biliary tree are p;ocessed again with enzymes and the resulting cells pooled together
with the other cells.
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The perfusion buffers, Pl and P2, are placed in a water bath_at 6 37C The
15 perfusion is carried out in a MIler type perfusion box,h[\?/rrfug/hzqcc‘js4

mai nt ai ned at 37C throughout the perfusion. The buffers are oxygenated
during the perfusion. Al tubing in the box is rinsed with 70% et hanol ,
followed by distilled water and then with Pl to ensure that the air has
been renoved from Pereolbirastionstion e uief yeutinely in Aixer nesfugians fay mgstdnvestigatss to
cannul a from g;;18- el abed . j l.Ces£0l d
Pl buffer 20 ?H%@l&gﬁ %Egﬁ?l ver ete}éii)%g varaihgS‘Eéj‘{?lbdla(%so’?éII eﬂgggilngl%aeyg% foélsgeﬁ%dr:l t he
cut surface ofbytlnse inivestigatosr The apypd vigiatior tp the prfusion routog, &otisdlgsed Imgeinihe

cases when an _gentir Y ohe CORES ' I -

vena cava can @h?aﬁﬁﬁ{ﬁe;]t%{ea!hcrf‘hgg\garl oﬁs‘zoﬂ%‘@%ga\%e@g%cf {s&elljgn&l cﬁu%ﬁ%ﬂg{g‘?é Ft?ver
are test edst o jdchania, whethbr whinl opféldy anbtéllsavitperlbwei buoyeht Jensity  SeueellsThi s
procedure al so renoves any excess.blood.fromthe.liver. e sen..hl ood
vessel is 25 &% ??Eﬁda&%‘ﬂ Peﬁ%" W%&i ?%Erbé‘%q%gg élp&%!hﬁrgsf’r%%s}gﬁ i:egr ge(?tsamg%ﬁoesi ve
(e.g. nedical jghadn. Tiespelslin te B, FA indoFhitictions e svedise psesaimablg yofigee
openi ngs are seal ed using the npedical grade adhesiye, and, ,if r?ecﬁui red,
using Qtips wRERChRA AFHh! stfe hate e MBe8 e BF2EH £2%p i figeng &fge s gn on
adhesi ve has Qfj@eksedriifon).] MBleoSHISMmEMRRIY Sre BhRGALIB diplofildells) WiREdAs Wieldallh an
appropriate size"glass bowl. The Pi buffer is added to the bow ,. and the

l'iver subni®r géu tiR(F4 fnactine frowsadalts copmsisesdmeely pobRiad felist Héepob@lod eellscaz o g

I nsi de the perfysi V I ' ANEeh &id e
attached. The Llﬁlglgj%a _@ér?)éf gﬂi%c'{]%wg%%gﬁ % gwgﬂ%rﬁﬁ?gﬂgﬁi’ gt art ih%ghgl{ le; ng ow
speed of aboutofplbidyni s/ min and then slowy increased to between 58 m/mn
and 90 mM/mnute to optimze a flowrate with an acceptabl e back pressure.
One nust check that there are no excessive | eaks of the perfusate fromthe
liver. After 15 31610 Jploidi2i(Relationitd FsactivhatidrloftCdlfRopulasionenoved from t he

bow and replaced wth the P2 .er 0 Al t.h ol | age P2
buffer is Yecircul ﬁ%lsgmﬁmqs I°%taa'§[ F“YV@Pﬁﬁ @:tlgl‘t#’f ﬁi]eg?rébr?ﬁlaéoved?%e%t%g‘gt? eVal uat ed
by col or - convegi&ineiced pdpuléBénst rPIMdhedits debislired blobd vells, hejpdt atelinewells, and by
acquisition of nushy texture to liver). The P2 buffer is recirculated for

no | onger 5 t raelidepats ogllsisl@ )it sotitan PRRepRites icalh PeRyLations) (el either epmic|ts ¢ o
is drained fromthe i i

bi ol ogi cal hog}? .r[}oll1 lggégﬁﬁag%z’%%?g Ar% %ﬁn%%%hfg%f g%ggggglﬁﬁgbﬁ\#ep%%% fHgmd

t he cannul a antipibide smalll peshahymiak callentbe &3 fadction) coutaihs et laigari pyerchgmal eelisons

of the liver. capsule of .the.  liyer il sson’.s_ ¢ Le). i si ng
{1 ssue f or Geps(laa i bd Gerdting e mint el i sdeBRREM adudr ol
tissue into thendGadiugsd hyeavithd iRRBEdAtrd) Rensistin g of th ergdst s5the pardctamal cells
undi gested material. The digested material is put intqQ. the DVEM and then

filtered thro@§t0amyeani dhet e atmast ayight PEyRid(G-goighaploid aRd 9tapieifs are
pl aced inside a lange funnel, Bﬁgﬁ’t{h mall &‘fl}gfihltﬂé g4 imnacle Khiveestasiinphesyi al

is filtered first V\nt%alsm yer of cheesecl oth, o
freezing of 79-95%; the parenchymal cells in the F4 fraction have a 50-80% viability after

25 freezing (depending upon the conditions of the liver upon arrival). The identified
variables influencing viability of the parenchymal cells in the F4 fraction are : 1) age of
the donor (the older the age of the donor, thé worse the prognosis for the cells); 2) the
time between heart arrest and delivery to the lab (the shorter the better). These factors are
interactive such that rapid delivery of tissue from an older donor can be more attractive

30  than tissue from a young patient that has spent too long in transit.

6.3. Effect of Ischemia on _Cell Fractionation
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followed by a 400 t nylon filter, and then through a 70 p. Tgfl nfilter.
The filtrate is 15 divided equally into centrifuge tubes arld ¥ rﬂqqd’fuged
at 70 g for 4 mnutes. After centrifugation, prior to the addition of
Percoll, the supernatant is referred to as the Fraction 1 (FI). To the

pel l et of cells, and isotonic PercoJl are added to give a final ratio.
of 3:1 respecti ve%mfﬁf’pﬁgﬁ‘ﬁg &y gpe sxypined, a5 pdpngtion of tmegandctemgergturs ofyi

vol ume i s suspemaas e 3ondiich inOYBMEYLivANE Kbt 4P anhidk of SRIVRNLS é?f‘tpfég'ié :

The sanple is 20 centrifuged at 100 g for 5 mnutes to yield a p|oe e
referred to atrmedkwaun jschemipodhe varditian igarhieh etlives isckept ati ttmperatuseg delowf or 5
m nutes at 20 LB:.a I 8% - .t raction.
The super nat a%?mlggﬂ%gcrf EJIF ? fe %lgg%fﬂglgléi nIH %gé\?vﬁlrg? pg%:g% g Tt]%hglgl[aa‘“{aﬁegj%nése Ol %t
referred tH atemphatyre bftwesn vighbodX témpeaiturcend réoiugaipeature whateaseokitischafigr 1800

to obtain t r lopn..The.cells o e
gi fferent f ragtf I O in%%%%&%&éﬁsﬁeg%%r‘%gg%warﬁﬁng%%ée@%, ?‘g'rab?ﬁqggﬁﬂ %’OHL?%] t he
Trypan bl ue dye exinlwemindscherminathe livére are\kiepthit labdvieambidnt tehpaangisf @ tiestivers
fractions are_prgesented-jn_Tabl.e 4 | I's that. remain bound to the yascul ar
or biliary tr i ?%@574‘ v a0 ?@Eﬁ'&c gegf‘loi\ﬂar?& isgherna. r'}l?e]r“ﬁ?s’i‘% Rl 4l above
retai ned. Theasbieg fefpedatirdsofona fime,! then ohitied,nald SbSEaRIyOFerMEed Rith Swarm
obt ai ned afte&_- enzymati C ,&grf ion, and are typically [eft on the top_of
the si evedd (edigsocfon saiutans; ofhy sweleetell spspsnsion wyudiing fromeeither perfasion is
suspensi on. Tﬁ%é&sécﬁﬁ?ﬁi%dé cefi fhftfonY BRchiva iffcfé pRipbithyof &ifl6R ARl FolbB&e S ed

again with enzymes and _the resulting:cells pooled together wth ot her
cells. 32 19 y Progepitess jagp pisubgopplatioropla diptd icellsy si@reower: ftrie [opsaryed theter

per f usi ons byg; oy | I he : e
debris and deﬁ%&??@%%ﬁk %?&t ‘%ﬁeﬁ fulte %S‘i‘ﬁg’lg Fef %?ﬁ %%ﬁ%?@%&gﬁwg%& In

i nvest i gat or sthe Thdowiog édbley anidblet Tab hiverocetlh erepdistingisber fromt dead celitsbylstaimings ed
herein is, .t t firs I -..he terped.FA s--..confains.cells found
to be t helsrmrs@ }&% eﬂr}l8 ! +1£/ue§°td§1%5 i8C hé% gt?ﬁns SFe f\k‘g‘?’dmc?)l}s‘ c Odl,oc‘ﬁ:he&?egeﬂ

with a | ower hinogleandd cbllnsicteycofinted in livedndead abdtivns, adriéd oyfipe lcyohstrohted ned
at centrifugati on at hi gher .speeds) are |, sensitive tQ [schem a. These
cells in the é’fﬁ“"&g?%?ﬁg’ﬂlﬁt‘?ffa‘é ﬁe%fﬁ’é'm&r“@&?ﬁé? V’é?ﬁhzﬁf“écg‘f}ﬁ‘hﬂi ?P(ﬁﬁounge,r |
parenchymal ceiissand have a nuch greater ease of freezing (see section on

cryopreservation)._Mreover, these cells are substantially diploid cells,
whereas the cells PWF‘_?F?JT'@ F4 f‘:!(‘:f‘?l@n Brom a@ff’"g

¢ &eConpri ses largely

pol ypl oi d2tel | s. ThHEmMJsthaiay| d & hinuclegted o hiTnbipudegtedd or can be

nmononucl ear and  t®¢apl oi d or od%aploid, oro 8len higher levels of

ploidy. 6.2. Ploi®2bhin Relation b Fractionati §f of Cell Popul ations 15 The
fractions of adult liver cells (F1-F4), described above, are found to

contain distinct cell I ions: F1_contains depris,, red bl ood cells,
hepatic stellate tptal «gﬁpﬁgpﬁ %mmnl?ver pﬁl’fllS?Oﬂ is measured as a function of tilme of warm

25  ischemia using rats as a model. Male Sprague-Dawley rats of 250-300 g each, about 8

weeks of age, are used. Non-ischemic animals are measured to yield >400 x 10° isolated
cells per liver. . The total cell yield is found to drop rapidly with warm ischemia times of
less than one hour to provide 150 to 250 x 10° cells per liver. The total cell yield at times
from about 1 hour to five hours is found to be relatively stable at between 50 and 150 x
30 10° cells per liver. The yield of live cells is decreased rapidly with warm ischemia times
of less than one hour and at times of greater than one hour is stable at about 10 x 10° cells
per liver.” Thus, the proportion of viable cells is found to be bimodal with warm ischemia.
At times less than one hour both live and dead cells are precipitously reduced such that
the viability ratio is unchanged. At times greater than one hour and up to five hours a

35  stable percentage of viable cells is observed.
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smal | hepatic cells (42 pn) that contain progenitor cell populations (of
either hepatic or hernopoietic |ineages); the F2 fraction d8nilyi 3994 ar ger
hepatic cells (12-15 pn) that are diploid, small parenchymal cells; the F3
fraction contains yet |arger parenchymal cells 20 (15-25 pm . and..consisting
of a mxture of diploid and tetraploid cells; and the F4 fraction (the one
used bK al : ot Iher Thy esfjectiot arcas gf:miﬁsn' el mg:lcfbfaré bﬁa&uﬁc@ﬁTh fﬁlﬁclﬁhﬂl%f V(b:’lar?l
parenchymal cells . (25-50 nd that are alnost entirely pol ypl oi e.g.
tetraploid anlf‘;%eé]f“é&nbel 'ﬂﬁmgp {R‘? %BYFePéIH,“’d?]heLb’ﬁﬁsé}’i‘&H pd. 8¢ cells fsolated as . F3
fraction havesiagiiceRishipensia, a@d stafb®dth oo Liveecala | YR afel | s

in the F4 fractli on _have_a 50-80%viability after 25 freezing (dependi ng
upon the condfeliegisd BY Howe eterastyy d8en Attached) to. aTglass drigtosgope dstider i fetles

i nfluenci ng Vipabiehtitidedfand HEsRAICHER IR0 GighdiBe indclbd® doturbl 3Rl RNad G 1)
age of the donor (the older the age of the donor, the worse the prognosis

for the cel | sperfuspd wifbout ischemipamound todare arrest and delivery to the | ab
(the shorter thg,hgtit a4 he ors,ar ' [ su th rapid
delivery of tlassueﬁ%lr gfn%}lg)ﬁmg{ld(gren%nor E%gﬁcgg%écgﬁéﬁk’rglgt P@ege @gﬂ%

ti ssue from ampoonvglepnatidebinuddatad tigkde Hpmrreells. odftboorg haur tandafért twothogrs &f f ect

of Ischem a ' aci i onati J 04 Results.of cell
viability ar eg(g?(}gﬁilzér?g@ gﬁél%fc%tﬁgfogoﬁégi%‘%?l?%%&lﬁ fse%ﬂaat?uqegw&?e' i HEm a.
The condi td onbinncledied bellshare Inewessarilys phlgplbida theadridiia nire @onsikesdeto RAREEah €S

Is termed warmi.schem a. The capditiop i.n which the liver is kept at
t enper at ur es BEVRIRH cllisaramors sengriye fa sc %F’atqagéfg?ﬁtj&‘?ensi n comon practice,’

war m i schem a cor r'ﬂﬁd)ﬁ@idﬁnéd)otadj?loi@mKt@?iﬁUh@mtEis%ﬂﬁbﬂsﬁﬁb?drte@Qﬂb’aﬂafﬁﬁe&fat ure
and room tenperature whereas cold_ischem a, corresponds to an%pt enperature

bel ow room t eRfsdfastze do mongpuclepneslls. Monowicleapenlls can by eithen dipleidhor pelbplpida,
the livers ar %itﬁﬁq% d&ﬁoi&b.@l‘lseh WY Shilel QRBET @bl HRS ‘ﬂglﬂ fh&at ! Vﬁfcsréfi Ljhen
alte F ? ept at

perfused. In an a nate formof warmischema, lvers are
above anBf entlescabpdeabaveisaiged torprepare ling cellfon mehsuréracht obithd agnalnf @gcleintThe

perfused with | l.atl . [ : ' e oe uspensi on
resulting fro eln?h%?o?a%glr@%g%%géngeﬁdﬁgl ess‘,1 ggé {ng;%lr%g%{ltggﬁsc%ﬁ} g#’?@%‘fcﬁ)ﬁbﬁ? t hat
have di f f er entelgtivelygedistant & iséhediip| A3 polpploid motlyipkm ©@ bedadgbraharPdipipbhmdclsi,s ar e

PRl M N A ——
above anbi ent Thd ehangdibetivednl mislengsiied il €ontryl ldkseanddivedsiatter twdalduss Fishemia
Whi ch St aPhs. FBEPBRTBH i, BANRABI Maat ed and bi nucl eated cel | &
were counted in |ivg @ndvigdfag it GRS birvRagecuslyl &8mikd fab QWukdioR MR lime & Ibe
fixation, perneabilization, and restaining wwth Pl to visualize nuclei in
all cells. Talsmpemturgischemia, see Tables 6 and 7. In this embodiment, the liver is rapidly chilled
' to about 10 °C substantially immediately post-mortem. Even more advantageously, the
liver is rapidly chilled to about 4 °C substantially immediately post-mortem. The chilling
25  can be achieved by any of several methods known to those of skill in the art, including, |
but not limited to the simple expedient of packing the abdomen of the donor cadaver in
ice or bags of chilled fluid. The livers are kept at one of the above below-ambient
tcﬁ:pcraturcs and are then perfused, as described, at times up to about 30 hours, or more
advantageously, at times up to about 20 hours. The single cell suspension resulting from
30 the perfusion is processed to provide progenmitors. Polyploid cells are observed to be
sensitive to ischemia even if the temperature is maintained below ambient and even at 4
°C.
Table 6.
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Duration ofLive cellsDead cells warmischem a % bi nucl eat ed {(b%@ Lblc? gat ed
none3230 2 hr2747 A total cell yield fromliver perfusion is ds P d as a
function of time of warm 25 ischema wusing rats as a nodel. Mle
Sprague-Dawl ey rats of 250-300 g each, about 8 weeks of age, are used.
Non-ischeni ¢ animals are nmeasured toFyl el d >400 X 106 isolated cells per

liver. The t or= undletah Heaman . iyeps A B ischem a
times of |est 3 2 OEHER Q1) T gy (aid. | . iver
The total cel 3 yH PLE-at t-+res frg‘&._.'s:gm hour—to-fivehours | s fbund to
be rel ati vel y—stabre—at—between—56—ahea 1':“ ¥—30—1+06-—¢celts—periveri The

yield of live cells is decreased rapidly with warmi schema tinmes of |ess
t han one hour Tasle7at ti mes of greater than one hour is stable at about 10 x
106 cells per l'iver.- Thus, t%ﬁﬁr O[P%I‘tl on of viable cells is found to be -

bi nodal wi - n o ; hour—both—|Hve—an
dead cells ﬁf‘“f"*“p. eTHp fﬁ’}éisi y %@@%ﬁ Ei’nﬁ‘}ﬁﬁ".‘ﬁ LEne i o i s
unchanged. [FtTTTES gy Fat er_{gm one hour—amnd lﬁiﬁ_}-l\iﬁl Yehours—a—35—stpabl e
per cent age[ g viabte g tS Tegbserved 341§ ‘435'!4_%’:1 ek 1Thc Sme c\.,ti oft
areas of |[I#eT CeIT MG el afHpMeasured as a fygkhE Q) 0 warm—ischemie
time using[¥3e above @t MDOEh R Vers are pelffgy§ed o 4e CertsTsotated as
a single c@ T SUSpengson, ajggoStai ned w TN PIgp, §haRNgkpdide Ltive cett

(Pl-negatiye) are coliecied by TTow Cytonelry g1 sReRapLached to a gras
m croscopej Bl ide, Tixpm 5 peroeabilized, and |hestalgigd W th PI 1O
visualize nuclel. Control animal's that are perfused wthout ischema, are
found to have a binodal distribution of nucleus areas corresponding to the

presence of both pononucl earawgnd bi nucl eated viable liver cells. After one
hour and after twot SIS eDaled from denos ivers 23 Aescribesiarons oh more of thaabew ed

Coll o 1 OUniichaase aa: ohved ciribGE B A Sldiiug 6 (9CATIAL!

pol ypl oid, these data are considered to indicate that 1s are
nmore sensi ti veelksortinge inelives ragpremtion pin i korewttarsin anmnﬁ@shlmeamé as)thempputm d

cells to ch Sasf ported by analysis of nucleus size in
nmononucl ea? &ﬁuﬂdtl\/br%%?@ e?aeri&gel | s can be either diploid or polyploid
with the diploid cells having smaller nuclei than the polyploid cells. The
rat nodel 15 scr d ve IS UuS o prepare live cells for neasurenent
of the area o?ﬁ ‘Qm lil%"ﬁ Seeh W al nuclei is presented in figure
la to indicate thaﬂanqﬂé Ren #20(his ssreived Mag 2€, 1989 rord £inale] AdRiltYoh&S ITHe@dhort O

i schem a. As fgd]f%lgﬁ i,d, n clei tend tp be Iarger t han di pl oi d_nucl ej t hese
data are foun Eadt M evaipgieh e door forgrgan wnsphagtsy Howeuers befare 1 o

war m i schesri athe transplant surgeon is able to retrieve the organ, the donor suffers heart arrest. The

surgeon is able to remove the liver within 30-60 minutes of heart arrest, that timing
constituting the “warm ischemic time”., The cross clamp time is 21:19 on May 20™, 1999,
The liver is flushed with transport buffer (Viaspan) and put on ice and transported back to
UNC. It is received the next morning at 11 AM at UNC (constituting 13 hours and 41
20  minutes of cold ischemia) and was immediately processed. The processing is found to

result in the following cell suspensions with indicated viabilities:
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The change between nuclear sizes in control livers and Iiver§dla;¥tfqr t wo
hours of ischema 20 are found not to differ, as i1l ustratéd Gure 1b.
The cell viability is al so advantageously exam ned as a function of tine of
|l ow tenperature ischem a, see Tables 6 and 7. In this enbodi nent, the
liver is rapidly chilled to about 10 C substantially imediately
post-nortem HEabk éhore advantageously, the liver is rapidly chilled to
about 4 C substantially_.i noredi at . t-norte The chilljng 25 can be
achi eved by any of sevef&f et ho%%@% t BB of ski F?[}‘i n the art,
including, but not limted to the sinple fihedéiss. of pagkisng t he abdonen
of the donor cadaver in_ ice or bggs of chi]led fluid. The livers are kept
at one of the above bel Bl anbi ent® “terrperat’u?ééoand are thén perfused, as
descri‘bed, sat tines up g9 about 3Igg hours, pExnp¥e advaggggeously, at
times up to about 20 hours. The single cell susggensi on resulting from 30
the perfusion is proceskdd to pr&fde progeh?&dPs. Pol ypR®8d cells are

observed to be sensitigg to isc ) a even 4 £, tje tenper re i s maintained
bel ow anbi ent and even at 4 C ng?ge 6. 35 19x}uly 2004 %’?al Human Livers

#Col d Ischermia (hrs)AvEptalsa Viabili +/- StHlxme¥% (Std. BPPor)

Fracti oni 11 verBeoities iy tithen B0itus ot At BRIBGA lipim KeberilTigh 153

FI 9<2067. 9108. Ferder it) udshuabitd) 6. drgatbu{iBpldhtaficly/ s2f088d 40 kIS ifoBuddl EI6H2O0As 16
(6.5) F38<2081.9 .aé%ﬁ%qlz 5>2075.2 14.5 (65) F416<2081.6 7.4 (1.
F413>2021. 224 9Mpgst BGg&nitors prepared fromdonor livers as descri bed
in one or nore of the above nethods are suitable for use in
cryopreservation, in flow cytonetry, in cell staining, in_cell sorting, in
liver regeneration$5n Alphedetopratein Expressioncin Diplaid £fells Isalpted frem Human
therapeutic jyjsver

15

In a male patient, age 37, received in the Shock Trauma Unit after a vehicular
collision and pronounced DOA, death from asystole is estimated at 25 min. prior to
acceptance at the Shock Trauma Unit. The donor corpse is prepared for organ donation
by external disinfection. The liver is ascﬁﬁca]ly removed, packed in an aseptic bag, and
20  chilled for transport to the nearby cell laboratory. Donor liver core temperature is
measured by use of a sterile surface temperature probe. A temperature of 10 °C is
recorded at 45 min. after estimated time of death. Perfusion of the liver with warm
dissociation solution (see above) is begun. A donor livér cell suspension is prepared, as
described above, and viable diploid cells isolated by centrifugation on a buffer
25 -supplemented with Percoll as above. The isolated cells are divided into aliquots for
cryopreservation, for further characterization including antigen typing, and for expansion

in cell culture prior to transplantation to an antigen-matched recipient.
In a second male patient, age 34, received in the emergency room after a
vehicular accident and pronounced DOA, death from exsanguination resulting from
30  internal lacerations and consequent asystole is estimatéd at 45 min. prior to acceptance at
the Emergency Room. The donor corpse is prepared for organ donation by external
disinfection. The liver is aseptically removed, packed in an aseptic bag, and chilled for
transport to the adjacent cell laboratory. The donor liver temperature is measured by use

of a sterile surface temperature probe. A temperature of 10 °C is recorded at 80 min. after
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10 treatnent, as described below. 6.4. WarmIscheWa in a Hun% gﬂf‘} Sarrpl e
Ren # 200 is received May 21, 1999 froma nale, adult donor. iy Ror

decl ared brai n-dead and eval uated as a donor for organ transplants.

However, before 15 the transplant surgeon is able to retrieve the organ,
the donor suffers heart arrest. The surgeon is able to renove the liver
within 30-60 mmﬁt&twﬁ ofideath. Rerfesion of thatliver with golutiom ek tabova) gs bb@m"warm

h t T 1 20t.h 99
schernt o {1 oy IR HRSAREh APy biBukd, R14k300R Mot 201 a8 e
transported bmolatddd: dahidifugation & a mdfe w@qilehﬁteﬂm&l?m:uﬂﬁgieﬁhb&d Wiviea tTheNC
(consltoltutlng 1%% ys an‘g[ onbng '.nlrjrtse of cold isch m'El'_i'}ﬂ?ancSl \a/t/as‘.3 .
i medi atel y pf8 s S v ‘é %21 é’rfg’ﬁﬁﬁs?%amfleg‘ﬁ 9 PARCEBFAUGN ng
cel | suspepsi @ihidiigt hltlb&dty@aigﬁﬁld/fo@bklbamilb@&l celbcul@rel piot 18 MAsplafdtRnGo an

fraction %viabjility total ield, cells, F169%i able cell no. %total 1.5 x
1087. 8 5F2650@0igen-maaiehipd roci 1965.5 x 10828.8 F483%8.5 x 10%44.5 Total s19.1

x 10899.9 Thus, prQ&ﬁ 84 HIOthb Whkited deM® Frofnl the WRo UbRIrs WRSprepH ol Slidifk WahM
i schem a such as to render it unsuitable-for organ transplantation is

found to yi el antihggdy atf)@pl@épqopwoﬁ%tqso%b@ve cadpirialiized) by gsilosattingeop o FoOStar
Al pha- et opr OEﬁbﬁe@prc%ﬁséuﬂﬂaduBn%éag&d lﬂgﬁlgéﬁ&%;@ite&gd fpﬁgg}dm?%eﬂg ¥hh 15

In a mal e patient, age 37, recelve rauma ter
vehi cul ar 10 cobals i macledrthiat paro nwbsteslip@iplode atll ﬁneommsa;gi b ecells subtactioms ed

At 25 1N P EShesh SRS ARGR i, bleis S buohb e Uohs vl arlOKie 58P

IS prepared f &Y
binucleated cells. Comparison of the cells from the age- and sex-matched donors that

have experienced different durations of warm ischemia is used to evaluate relative

susceptibility of diploid and polyploid liver cells to the effect of warm ischemia. Hepatic
15  progenitors that express alpha-fetoprotein are a subpopulation of the diploid cells of the”

liver. The ability of cells that express alpha-fetoprotein to survive cold or warm ischemia

as equal to or better than that of the other diploid liver cell populations is evaluated.

6.6. Development of primers for PCR studies
20 Analysis of alpha-fetoprotein (AFP) isoforms differentially expressed in hepatic

versus other cell types. Cell lines: Two human hepatomas, Hep3B and HepG?2, are
maintained in Eagle’s MEM supplemented with 1 mM sodium pyruvate, 2mM L-
glutamine, 50 U/ml penicillin, 50 pg/ml streptomycin, 0.1 mM MEM non-essential amino
acid solution, 5 pg/ml insulin and 10% FBS. A human erythroleukemia cell line, K562
25 and a mouse embryonic fibroblast cell line, STO, are maintained in DMEM/F12
supplemented with 2 mM L-glutamine, 50 U/ml penicillin, 50 pg/ml streptomycin, 5 x
10-5M 2-ME and 10% FBS.
RT-PCR: Total RNAs are extracted from Hep3B, HepG2, and STO by the
standard method. The cDNA’s are synthesized by oligo-dT priming and subjected to
30 PCR amplification using primer sets designed by the inventors, and prepared for human
alpha-fetoprotein (AFP). The primer sequences are as follows,

hAFPI1: 5-ACCATGAAGTGGGTGGAATC-3,
hAFP2: 5’-CCTGAAGACTGTTCATCICC-3’,
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by external disinfection. The liver is aseptically renoved, E’ n an
aseptic bag, and 20 chilled for transport to the nearby ceII &%ory
Donor liver core tenperature is neasured by use of a steril e surface
tenperature probe. A tenperature of 10 Cis recorded at 45 mn. after
estimated ti rre of death Perfusion of the liver with warm dissociation

sol uti on (seehABBY i WC‘A’P@@F{'&WGWA@EE‘H suspensi on i s prepared,
as descri bedhﬁ?f @b@MA@@AQ-pg,at ed by centrifugation on
a buffer 25 supp errent ed Percol| as above. The isolated cells are

di vi ded .i nt o hAFBexong: fﬁﬂmmﬁmAq%AT@ﬂ her characterization
i ncluding ant| cxto}{gl r@-G@@PA&E{AT W ,cel | culture prior to
r

transpl antati on an dantigen-ma ecipient. 'In a second mal e patient,
age 34, reesei HABP:tmn#hé W@FGQWWG%MAAC—NBN cul ar acci dent and

Pcerat i ons aHATESRESq EArAGAT AP AR A AT a5 o pr or to
accept ance at hj\bpc)daﬁs-r O NCAABAATTARGAGARAGCAGRTEG-3, prepared for organ

donation by external disinfection. The liver is aseptically renoved,
packed in an aseptic bag, and chilled for transport to the adjacent cell

| aboratory. TRfe adohygfth;?ﬁm&ggfe%%u@sneasured by use of a sterile
surface tenperature ﬁrobe enperature of 10 Cis recorded at 80 mn.

after 37 19 JbpyPp AR2, mated time_of death. Perfusion of the liver with
sol ution (seeh%lﬁgggﬁd gun. A donor liver cell suspension is prepared,
as descri bed above, and viable diploid cells isolated by centrifugation in
a buffer supphAﬁ‘Ehhnﬂmmllh Percol |l as described above. The isolated cells
are divided i t all %w cryopreservation, for further

char act erizat g’antigen typing, and for expansion in cel |
culture prior hMPé){dﬂBSjiﬂEﬂF[&I,l on to an antigen-matched recipient. Sanples

of the isolated _ce e two donors are prepared for staining with
anti body tl8 a Wﬁ&b‘gb‘g&‘{: as above, and anal yzed by cell sorting on a

FACStar  cyt oRFPExonSahd hARR, kLt i ons - corresponding to nononucl eat ed
parenchymal cells wth 10 smal | nuclei that are substantiall y diploid cells
are conpared e FRexané apbhpBR4. i ons corresponding to polyploid cells, that
is, both nononucleated cells with large nuclei and binucleated cells.
Corrparl son of the cells fromthe age- .and sex-matched donors that have
experienced differBAR dmﬁpnmdsmoi totalr Nolime hefrAQul jconsiging af ol shcha peimer,

rel ative sus t|b|| li.ver oth f ect
of warm i she é‘(’j'ﬁﬂogtéﬂ f@ff@ﬁ%@’ i?d ij %I&Ea'? 8%opr ofélﬂr{ are
a subpopul ati Q’(hqﬂfta yﬂbrﬂécqmnﬁ@ok@ Hantphe' are Eéh&!d,tomﬁl‘ @d?li-i miny folibwee bblys
t hat express al pha-fetoprotein to survive cald or warm.i schemﬁ g%tf" &ual

n

to or better t2pRHfigatign f@tf3q<fY§1€§)9f1%|nlla|abP‘ng|2|qﬂ9é§2 Genfl 378 At ¢
eval uated. 6. G, PRYEIGRIPOLefion leh TBpsifdrREd RO 61 &fn. Then Sul of each PCR

reaction is run on 2% agarose gel containing 5 pg/ml ethidium bromide in Tris-acetate-

25  EDTA buffer. Human AFP gene consists of 15 exoms. To distinguish truncated
transcripts from functional complete AFP mRNA, two different portions of AFP cDNA
sequence are selected as target molecules of RT-PCR. The primer combination of hAFP1

and hAFP2 is used for the amplification of exon 1 containing the initiation MET to exon

'3, whereas that of hAFP3 and hAFP4 amplify exon 12 to exon 14 containing the stop

30 codon. The results of the PCR are that both combinations of the primers resulted in
strongly detected amplification bands in the RNA from Hep3B and HepG2 (lanes 1, 2, 4,

and 5). By contrast, only the specific band of the C-terminal portion was detected by the
primer set of hAFP3 and hAFP4 in the RNA from K562 (lanes 7 and 8). This result

39



20 Anal ysis of al pha-fetoprotein (AFP) isoforrns differenti @p; {O%Pé ressed

I n hepatic versus other cell types. Cell lines: Two human He /L Hep3B
and Hep&, are nmintained in Eagle's MEM supplenmented with 1 nM sodi um
pyruvate, 2mM L- glutamne, 50 Um penicillin, 50 .tg/m streptonycin,

0.1 mM MEM non- ess ntia m acid.solution, 5 tg/m insulin and 10%
FBS . A hunanS%8d &’6 %ﬁ%ﬁ?‘& Bia ceflline, Ky2eexppessenmalyza imngated borhr ot

fi brobI ast ce{yhthbutrmg NSEfhind, €In Lo a v 1I7C:R ted,.,with 2
mM L-gl utam ne, 50 U nl penicil F@Rﬁ %Eis E?PGS re%rrym EW@L% SN =

and 10% FBS. MREioBERAFFgsing %GR aaiiéAE%fr paewds perbormiedp 2B, expiep@2the TR &TO by
th t andard T d
SUbj ect od 1o T by Hepth: UK oo Rt M Rl Clard 5 igﬁgﬁsgﬁwﬁ 8 6

i nventors,5 anﬂhgﬁésﬁh‘rredm oo bmdanSGA[lpdcaB)f gthe pomitods are s{pAIR) w;tH' be RNA ARy

LTS e e B P SSRGS M pmnetcin

G 3', hAFP4anysicteafblE ARG TGRCAAMGESABEARHME'S from Wbl @te BZon Pare @t‘msu'ucted to

TCCATATTGGATTCTT ATG AFPex n3: 5' - GGCTACCATA | TI TI TGCCCAG
hAFPexon4: 5'% bF%‘FéE;&K V“‘?ﬁ&ﬁ‘?‘@kﬁf mRNA. The result show
5' GAGATACIJAAMAGIEA ?[egmraact tMEEe@mmd in the vanant form of hAFP in K562.

AAAGAATTA% e conbi nations of the priners are as

foI | ows ppm qu‘m\rﬂﬁélﬁfi?mﬂé P4 nrmers for Afammn oABP IREPER that\BRex 0N 2
and hAFP4, hs1% AFPexon5 d
hAFP4, and hAFPexgﬁgcgﬁgW%A 2 ‘Qs.%g"pﬁ‘é??’? “Qﬁépéf’ H oz (€ ool 5

consi sting of AFRmERNEA sproiaseThe RIGPOBskplysic Iusmgmns PG dcabufansm Wﬁ}:&
10nM Tri s HC nerjse tus Cor p Ies
are heated to a54tci e %Q%D&Ib?ﬁﬂf@v\r%g L'{‘)lﬁ&tgfp ? %pé?s hiytspaticr ET 2
mn at 94C, Xech.nTBR®@:st sbed tanidentify sﬁ@ﬁic sﬁbp@ulaﬁbﬁs of hvcr progenitor cells or to

15  divide hepatic or hematopoietic cell population sharing surface markers.

6.7.  Processing of donor livers
Cadaveric Livers: Livers obtained postmortem at different times but preferably

within at least 24 hours, with a maximum of 30 hours. Livers are processed using a
20 combination of enzymatic digestion and mechanical dissociation, fetal “cadaveric” livers
are prepared primarily by mechanical dissociation, whereas the adult cadaveric livers are
dissociated primarily by enzymatic digestion. A description of each process is given
below. Both fetal and adult livers are digested for varying lengths of time in an enzyme
buffer that serves to dissolve the extracellular matrices that bind the cells together ina
25  tissue. The collagenases enzyme mixed used for isolation of liver cells are of high purity
“Liberase” enzyme preparation manufactured by Boehringer-Mannheim, consisting of a
mi;cture of purified collagenase and elastase). This enzyme mix is used at much smaller
concentrations and with fewer deleterious “side effects.” -
Enzyme solution: collagenase solution—60-70 mg/100 mls of buffer (Sigma’s
30 type IV collagenase, catalog #C5138 or Worthington’s type B, catalog # 1.5005273; both
being bacterial preparations enriched in collagenase but with many enzymatic impurities)
or Liberase- (purified collagenase/ elastase preparation by Boehringer-Mannheim,
catalog 1814184) prepared in P2 buffer (see below) and used at 0.23 mg/ml
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| ast cycle, a final extension step is perforned at 72C for 7 ;ﬁiHr.%)Eaen 50
of each PCR reaction is run on 2% agarose gel contai ning 518 Y i dium
brom de in Tris-acetate 25 EDTA buffer. Human AFP gene consists of 15
exons. To distinguish truncated transcripts fromfunctional conplete APP
mMRNA, two different portions of AFP cDNA sequence are selected as target
mol ecul es of RT- PERI Wash $oiptian: RBMBDi1a40 (Gircof suppleméntedy mwith HiusERa (5 igtisbd f or

the anplificat] f | A he initiation MET to exon 3

wher eat. ¢ hat BRCRARHS At b Roled s Db houdd N CngloBifods mrdied e

stop 30 codorbovideer hexgad demanpfilbiilath. PCR are that both conbi nati ons of the

primers resulted iPn étmﬂ%l %\Ajdetected anplification bands in the RNA from
Tofe d

Hep3B and Hep& (I aty Ixturey, Jmgaturgcell pRpylatians, yyd) damaged gfdles liverc

band of the Geligr@inial 1ies td HRiMEs ailat@C%%d\chye_ttﬁh% mBfubfREs. S Alith gﬂﬂ§ﬁ!§3 and
hAFP4 in the RNA from K562 (lanes 7 and 8). This result 39 19 July 2004
suggest s t hatmitie kappiopyte ek syathesize| their impranbriggs Arome epsingle datty mbid" squrce

truncated Cor : 1 Hﬁﬂ}h ! n . kDl

hypot hesi s, t(ﬁg&%’%gc@j%%?&%rgﬁe coditc%sr%drﬂeigﬁ %ﬂl’cll tgﬁyg\e&gﬁégﬁ%’d&%ﬁfn@%
hAFP4  pri merdifferentfatty ecidetd. handledhgiebpiddequitemeRER Wo providep3&®maplek hidpt@E2 ¢ DNA
showed t he sigpgl. . (l.anes._3.a 6 wher eas

t here was no tﬁ%nlg té%%ég% ?daﬁ'gr}g?l.%f ‘I-‘ﬁlgl‘gigﬁta rhdgﬁsly ! gﬁ%‘g%&'}}“@“ aﬁ?‘f‘ﬁ“ ABURNA
and a saitpl elsiewin ve Hightyopurifieé homas albentir. y bnganefal, tmealah altumte s préfersdle(iRTO) .

Nei t her showed, any detectabl e d.. Next, a serjes, of 5 priners from exon
2 to exon 6 d* crcé%s?"ro e} orcpag”ge ® h@ﬁ?f?%?eﬂé@s%et%éﬁﬁ%%tw&ﬁw ™nd

variant for meptephAbPathiRNAecoldigly € SiikdureSdTdie fhthodcidrlid udeB 8t £ORA chsheh@BidAN
except exon 1 is shared in the variant formof bAFP in K562. 1o The

conbi nat i ons WBROFARES neg il (harMy) i cPlEyige Bediluman AFP RT- PCR that are
suitable to detec h@gﬁcﬂ%oﬁﬁge%%@ ds'}oﬁ'&%?%rca c!ohﬂ:ﬁﬁ%?&al o‘\fq'ﬁb%d@'f% the

conpl ete AFP nRNA specl es. anal ysT S 'using I'S specl
conbi nat i ¥n dattypadidsers can elininate the possibility for any truncated

forns expresg’%&ﬁiﬁg hepg _'bc r non- he%‘%}igcr: IoceIIs. T&J‘%@Mst is used to

identify specitic subpopulations of I1 rogenito s or to 15 divide
hepati c or hd=hhiopeic et 28 nidl | popul atliimleishari ng sWBS@edf mar kers. 6. 7.
Processi ng of_ donor |iyers daveric _Livers: Livers_obtained postnortem at
different ti meifyt prif@ ly mﬁth#ﬁ@é?u?east 24 %@aﬁ@, with a maxi num of
30 hours. Livers are processed using a 20 conbination of enzymatic

di gestion and nechani cal _djissociation, fetal "cadaveric" livers are
prepar ed i rasnarafioppf the dadivifeal Fatty Acig Gompopents:wher eas the adult cadaveric

livers are i8R ftvidafoidonBitid disddyved N YOO EfolbORAbYEN. A description of

each process is given bel'ow. Both fetal and adult rvers are digested for
varyi ng | engthatmigie t i mbM stoekn sdwbly irehot E®Her t hat serves to di ssol ve the

extracel | ul arp,fiRtdidices 1 M Abe kg Auield sokpoet her in a
| Stearic 151 mM stock, soluble in heated EtOH at 1 g/ 21mi
25 Oleic 1 M stock, readily soluble in EtOH
Linoleic 1 M stock, readily soluble in EtOH
Linolenic 1 M stock, readily soluble in EtOH

These individual stocks are then mixed to obtain the 100mM FFA mixture,

30  Aliquots of the individual FFAs and the FFA mix were made with bubbling nitrogen
through to reduce oxidation and increase stability. Stocks are frozen at -20 °C.

P1 Perfusion buffer - calcium and magnesiom free perfusion buffer (pH 7.2) with

final concentrations as specified for each of the following components: 118 mM NaCl,
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25 tissue. The col |l agenases enzynme m xed used for isolation of liver cells
are of high purity "Liberase" enzyne preparation manufactur 04

Boehri nger - Mannheim consisting of a mxture of purified collagenase and
el astase). This enzyme m x is used at nuch smaller concentrations and with
fewer deleterious "side effects.” Enzyme sol ution: coll agenase

sol uti on- - 60- AV mi/KICD h2 snMfKBOAS pil 14i 2frehM NSICOY,pe.5 Ve EDTAge R

M
bacter al pr oflPRrT Sn o te?s%a%i B e B Ereabia idiSt welh oot g,

i mpurities) QexdodiiRkaeq1yM) purified collagenase / el ast ase preparation by
Boehri nger - Mannhei m cat aI og 1814184) prepared in P2 buffer (see bel ow) and
used at 0.23 ng/m PZ(PGI@ISI@M oeﬂllyébeicccv\asmmuﬁaglﬂs Rdm kGRPMI G 6400)

suppl ement gd ( / nst g r fatty
acid m xt urge ?ﬁs@k ow) oﬁr?g}’g]!a@f2 Afcogblg ?“F #6 )f ?@nh‘?'b(év P/eéﬁbra“ﬂurran
serum al bum ndefanethaseriet( pM). d M xture: Inmmature cell popul ations, and
darmaged ol der liver. . 5 cells, reqU| re | |£| ds to maintain and to synthesize

their menbranes. APMigigh Quipecgo bt sredivas (Gihee)swith H@gﬂsﬁestwnr
menbr anes f ro&s},ﬁv&b ngh e gmfaﬁ]me%u Qm%lﬁ-&' biplentdntedQlif %g&sﬂe RS, in
many | T éren

par enchymal | s cannot and thus require a mxture o
fatty aci ds tﬂmﬁm@ﬂd tdekamdthaspre (le gV eGhee! s medismpsupplectentad owithp MES¢-TM

m xture then bou |.ar tio with i ur|f|ed o

al bumi n bc}w n ﬁ?ﬂpféﬂcgp%tfﬁﬁﬁagfﬂlg?ﬂg a&ﬁﬂlaf"‘?n&\(%h%@n%&g’ﬁ 2) is

general hurraaﬂatb@gmvmu XPDehedcall hotphateVutieded kQingvoi d | ssues related to
"mad cow di sease” or bovine spongi of orm encephal opathy. Accordingly a

mxture of free fatty acids is used at a final concentration of about 7.6

peq /L (7.6 pM ) §R. Ce%!gﬁ*'&waﬁ"ﬁ%é%'m%ﬁ? stock solutions are prepared
as follows, for a conb ree 15 fatty acids: Palmtic

31.0 "M O eic 13. Thediverpasad fos cajopresesatiny mithedodogies3Be Gervd Bbmaaadueﬂ:& 6

Each | nch oF duSr CORpARaRCe e g el Tpleaol sefl bt &5 Wil b o SUIRRITC

I\E/I at_l océ, sol ubkass ofi agot Atmowel d?i;ad;pmssemaeva: bufféyl B'Itzlmgd(_l as felbohst }Vlﬁ@h.ﬂJtQ'DZSOIi&
t teariceq o) e.i,n t at |, eic
| M stock, read lji?)% %ﬁ%ﬁéiﬁﬁ% el‘_lfeﬁo‘i"@i‘% RAPAL SRR Q‘g‘é?ai‘f’ el bgpine i n

Et OH serum (Biowhittaker), 10% cryopreservative dimethylsulfoxide (Sigma catalog #D5879

or D8779) used exclusively for mature parenchymal cells or dimethyl sulfoxide or

20 glycerol (Sigma catalog # G6279) used for progenitors]. The buffer is further

supplemented with antibiotics (penicillin at 200 Ufml; streptomycin at 100 pg/ml). The

buffer is further supplemented with hormones and growth factors: insulin (5 pg/ml),

transferrin (5 pg/ml), epidermal growth factor (S0 pg/mi), FGF (10 ng/ml), IGE TI (10

ng/ml). The buffer is further supplemented with lipids: free fatty acids (7.6 pM) bound to

25 -bovine serum albumin (BSA) or human serum albumin (HSA) and high density

lipoprotein (10 pg/ml) The buffer is further supplemented with trace elements (selenium

(10°M), copper (10"M), zinc (5 X 107! M) and an antioxidant, AEOL 10112 (a

proprietary antioxidant, a porphorin that is 2 superoxide dismutase n:umetlc used at 10
pglml), a product prepared by AEOLUS, a subsidiary of Incara.

30 The variation in the composition, as disclosed herein, is to combine the key

nutrieats, lipids, hormones and growth factors that are identified as part of serum-free

~hormonally defined media tailored for liver cells. The novel buffer results in viabilities of

the liver cells for the F4 fractions that are as low as approximately 10% or less (from very
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Linolenic 1 Mstock, readily soluble in EtOH These i ndi vi duall S o% are
then m xed to obtain the 100mM FFA m xture. 30 Aliquots of a4y dual
FFAs and the FFA m x were nade with bubbling nitrogen through to reduce
oxi dation and increase st abi Iity Stocks are frozen at -20 C. P1 Perfusion

buffer -- calciuman malg Efree1 SJOI’ltb g 7.2) wwth final
concent r at i onEO%$2WRIEY CPYCLLE fa6 PR émfeo‘? %\RPtngO g‘ﬁ'bBH’éﬁ’i‘f”stem VRSN
NaCl, 41 19 J!ﬁ’gﬂ ad @od fror’ gBEM b@pleslcoﬂeﬁw kPEdy timEl péridds closer BVondVBbl® O S
fnM EDTA 5.5 gl ucose, 5% hovine serum al bum n (BSA), Ascorbic acid

(50 pg/m), wl-wp n The ngbﬂwas of thexBlrk? Hrpstions are gpsisteotlpabevesfQh. Bufacter - -
pu,ecc0 s, mosldA a0 TRy OlagBP IR0 ploRsySeael GERRLEHIMILAG, 2%

BSA, Ascorbic aci m), rtnsulin tin arid dexanet hasone "(
M. DVEM -§ Duﬂomec@ducgvm S¥ritieedis Rf (gxéraee nbdmm ebmma)enw and/oy Ioet@weﬂulgbdu um

pyruvate and u ° t.al Vi

serum i nsul |{r‘w1‘mgk‘°'ulIl i“ﬂ ;rqagmnganégﬁglé%ﬁ% 2% &E/Slk%g b?) é%sfl& GfreQQ The
suppl enent ed metdﬂsﬂ"é&x]’dvﬂdisxﬂltasammmcmuhqib!éfmntm@@dmheswmwaﬂl)e cahsjby 5-
dexanet hasone é 1 pM. Percoll (Pharnacia) is diluted 9:1 with | OX

Dul becco' s ph?) f)‘nate buffered saline. 6.8. !QUonreservation experinents The

I1|5vgrs used for crmmmamalblﬁmabmé mwsegimmbﬁm:iwemdhrmmw?g&vw ikC)
onors as young as I VEers est ges s to EeKS
and as ol d asclwma%awiﬁsab é“e“ﬂ%“hgfs waé‘%@rl%é‘fﬂpi“é‘mﬂfi‘hf‘%@ jnsulipsey as
follows: Vi asagﬂu)g [RQ8En GAhShRY ﬂ%e]th%pa&@s PRd | JPPMERER B Whibh deakiRuM®

serum (G bco) or Tetal bOVI ne serum ( Bi owhi ttaker) 10% cryopreservat | ve
di met hyl sul f okpapeotéiSi(iipse/od), shapleBEeeclemum [HEY M) co;@ed(léxmmmw(éw 108

mat ur e parenc sul f oxi de .or. 20 cer.ol (Si

cat al ogp# %Z%Faﬁ%éﬁb#‘o]lﬁ%% S‘i’:\%&t{%F ﬁﬂ’ii OTR) fif FRlrace g'ﬁ?%?ﬁﬂ’é uch g}‘_ﬁ“’%nt ed
with antibiot caﬁgémnccawlmumﬁn&@@emmnagsﬁmmmmoﬁmﬂoo [Lglm ). The
gimiy. |t RBnst or i BN CSRTH veL R BR8NP L Aoy b SR RS IREE (10
ng/m), 1G |y senra%%mffeera@scﬁuéJ ovk)S afigiiotdashosy B yRplest s Ix hoPi ds:
free fatty actltt(ldlp@%)ané bound to 25 bovi ne serum al bumn (BSA) or human

serum al buni n mepimpined wnss thag conditign Sorok-2 hpurs.) They gellsiare fiea frges & i s
further suppl ﬂ&%ﬁ’\fhﬁﬂygm kﬁlguaﬁﬁ& &'- Wﬁtlﬁ%:%%%&?hﬂd%&ed(ckﬂ@%rate%@&ra‘&ﬂ:% ™,

zinc (5 X 10-° nt 1 oxi dant proprietary
anti oxi dant, @Gryoreghand then siatediin 2 darge  papoo ghate, lajuidwitragen (11608EC) gomagetrokit 10

pg/m), a7 OE‘EIEJ subisdP AL SI%CGSQ %cﬁl’:a% urﬁh nd S%H%L&il&rs %f Qfabilliﬂc&rc%s over storage

periods ranging from 50-270 days (see Figure4 ).

The extreme range of viabilities of the F4 fractions both after processing and after
freezing are due to the varying lengths of time between “clamp time” and receiving the
samples in the 1ab and also to the varying conditions of the liver (fibrotic, ischemic, etc.).

25  In general, the F4 fraction is the most sensitive to the vagaries of treatment of the livers
and the general health of the tissue. Remarkably, the F2 and F3 fractions were routinely
viable and readily cryopreserved even when obtained from poor liver specimens. The F1
fractions were more variable, containing a large amount of debris, fat dro_p_le_ts as well as
numerous small cells that included both small parenchymal cells (assumed to include

30  hepatic progenitors) and various hemopoietic subpopulations (i.e., erythrocytes).
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30 The variation in the conposition, as disclosed herein, is to conbine the
key nutrients, |ipids, hornones and growth factors that are% BG4 ed as
part of serumfree hornonally defined nedia tailored for liver cells. The
novel buffer results in viabilities of the liver cells for the F4
fractions tha ) : Lyately 10% or less (fromvery 42 19
July 2004 poo'?‘absyése ?ng%g\%rﬁ%&ﬁg%ugpﬁe upper limt of time of about 30
hours postnortemn) Averzge vidiligh afier pB@%ssifgo75-85md sanpl es col l ected at early
time periods close ne..hour or above). The viabilities of the F1 F3
fractions are cons}%;‘ée%é‘r?&a?/’mgg%@e PRSS5S g ?‘ii’é‘fa}:”néﬁt!“?tmo‘"teﬁ%% fractions
bei ng "younger" cells with ploidy states and netabolic activity 5 nore
conduci ve #o .{s%,?th is of extra e&lll ular matrix conponents and/ or ot her
cellular T actBrs® nedGFFHOY AB EHSE and growt h; thus, they are likely to
be easier to freezfabilifiqafiaiFRefihgysuper oxi de di smutase minetic in the buffer
increased the viability of the cells by 5- 10% An alternative to the above
is to use a nodified b%ﬁf@i>7q%mcﬂ?°4ﬁ@chm%pan is 1o elinminated and the
basal nedi um (such as REMeobH¢i b%aﬁgﬁﬂ%ﬂ nted with insulin (5 g/m),
transferrin (5 g/OQ free fatty égi s (7. ﬁr/f bound to BSA, high density
| i poprotein (10 lag/m), trace elenents (selenium (10-9M, copper (10 7M,
zinc (5 Xgl0'™ M), and AEOL 10112. Coat the cells with a form of
extracel lular matrix such as type IV collagen mxed with lamnin or type
[l collagen m xed®.9a t Fldw in. 15 Fetal "cadaveric" liver cells,
processed as desc&ihb%g]&above are SHS ended i.n cryopreservation buffer
|

h
(described above), "SITPHUBPEFOTRE Suhof BS.9RHGH,) hegf’e]%-"’fﬁ)l’?@s?c@)é“ siglg Slend
and mai nt ai nehrougitle flohed! wisael iticl ke Expiosch-13 1K Light. TIHR HBldxSnt %tu%gof

frozen to ligyid nitrogen tenperatures of -160C using a conputerize
control rate eﬁ&b‘fﬁ‘é‘? 5‘?‘?‘%}‘5’&&‘ by%%ﬁ%%’:a%ﬁfa of H@r@“&“&fr@d%hhth&t igp seftpetedap the
phase, |igui Gesttis ﬁﬂ&ébcfed.l@é@er&i‘@é@%i&e%@#&{zﬂo&%ﬂcﬁwfwuﬂay ?trﬁéﬁgre? GRRESS

wel | and with no significant |oss of viability occurs over storage periods
rangi ng fr omasthexmgleys, eadgplasmicreggelamayolgitrdicaxvesicles, etange usdd toi delrinnirei s
of the F4 fragdiphst BEhLR : ing.and.after  freezing are due to
the varying | engt_hstof t{%&(ﬁ%@%@ﬁ@é?}\%ﬁ%&ﬁ%&%& a5 & eﬁ/‘i"eﬁlé “f’ﬁé?o“t@’ﬁnpl es
in the | ab ameprelisterngb comhgoneats \tham aomirdednt @ns oofa yivmgkd vee). (Mdae QtleSive

i schem c, et I neral. .the.F4 fraction.s .t nost_sepsitive to
t he vagari es q%f%m%ar%g’gtoge%ﬁ %F‘éftﬁgsqcf \}Seél%mm%ﬂcléy gwg"‘éetﬁgﬁﬁlmﬁéfé& {chargstengtic
tissue. Renmamkigsny to piueik 2ompldxdsdon haetll GiFacee FheseOutitibaiky car’ b b el
readily cr yo&_))rgqs.?gr vedglﬁven en l%?t ai ned frompoor |iver specinens. The F1
fractions werS or 4Oy APPEReRt oglePulpsi figh a 28 aF‘g‘_@mé?ﬁb‘hnISO@f"Cdéﬂﬁq s{FIT&),
dropl ets as \BaydoeRShrn @)U IareR donfughttSofl Faknd OfbUREe Qmiéﬂ)a?éf@idéited by
parenchymal cel]s Eh%ssumed to include 30 hepatic progenitors) and var ? ous
heropoi eti ¢ ! Fp$ AFacrpingeemitied Jightr 3 specilig. wavelengths for each fluorophore.

By selecting a panel of distinctive chromophores conjugated to specific antibodies cell

25  populations of interest are selected.
Cells were analyzed based on their parameters input. A variety of collection
devices are used to collect the desired cells, including Eppendorf and conical tubes, and

any size multi-well plate at the speed of up to 40,000 events per second or higher.



43 1 9 July 2004 Table 7. Cryopreservation: Fetal Liver Avera e viability
after processing: 75-85% Average viability after processi ng HUlQ\QQf‘ent to
that after processing 5 Table 8. Cryopreservation: Adult Liver Viability
(after freezi ng) F1-F3: >75% wi th good attachment F4: <60% wi th poor
attachnment 10 6.9. Flow cyonetrv The follow ng sorting nethod is optional.
The cel'ls ar eTbBbE@d Arﬁlbgilngmfﬁageéﬁuﬁdr%ﬁgﬁl%mmﬂl where they are
exposed to | aggs.4 i ght. The approxi meg.gumobspe of g@gh ceII i s determ ned
by "forward scatter" or_the anount o ll“r%;t that i ed as the 15

beamis inter Oclonal 2 tere,H] l'i ght, scatter rnal cellul ar
structuresg S“ﬁﬁ'n ﬁjgge “g‘;'f’ doqf'asm c reticu odi es,

ocl

vesi cl es, .et CAFP-HH Qniiaed t O determ necmanbﬁoanount of>41bzmtﬂfsmil conpl exi ty
(i.e. an acti ¥otingRild RAGchnA-GRN € MAt Ur ecodlabgatatded, | cBASBINI3INDr € i nt er nal

conponents than a qui escent one or a younger one). Mbre selective
i nf or mati on ohmwlaled%ahhtr%ﬁe% stics i gckeimmmaden B 2AP%3hl y specific

char act er 1%t |§“ ‘%ﬁ%g% ot ei nIal m&‘{mm%& 5(g:gﬁ?i'féﬁrface These

anti bodi es ca r\d d B 3755315% B%sgsuch as

Fl uor escein Ig& ocyanat e acrhb.ﬁcals(oﬁ‘fdoo-oﬁilskgﬁqandem

conj ugat es of sl 1g@d Cyt ochrorre vx/m ChIa&EcﬁlﬂXﬁbcm&dcd&)Olmﬂ,M beans,

gener at i ngs ensiietpesti-hinghhlbatinspeci f i c. Swmeeel engt hs f éBPIOARNM3S | uor ophor e.

By selecting a panel of distinctive chronophores conjugated to specific
ant i bodi es ceMpuse map E‘g.f'l"%tf“%"ﬁﬁs of interest are selected. Cells were

anal yzed base S G lﬁ%‘eamet ers i néﬂgm "variety of collection devices

are used Lo cehiggtc dhGeaHdesired cell syhmtnﬁfg LJdi ng Eppendorf and coni cal
t ubes, an A Y38 ti-well platepimdghe speed efoissp to 40,000 events

per second orcbzsgimconﬂgbmlg Jul'y 2004pnkAfligtn 9. Anti bmies and reagents used
i n staini ng pGyocphtuiné PEAMjusBody Suppl Preming@at #, LoB25§lACoat anti-human AFP
Chemi con, ABGBEWPEW@8 Monocl onal Pbﬁ%ﬁg@ X human“gﬁg

CD 45/FITC conjugate Pharmingen
Isotype controls IgG1 PE Pharmingen 33815X
IgG2 FITC : Pharmingen 33814X
Kit PE conjugate Caltag MHCE04
Rabbit X Human AFP-FITC conjugate Accuraie
30  Goat anti-Human AFP unconjugated " AX1625 061
7Amino Actinomycin D (TAAD) Mol Probes A-1310,4981-1

Principal solutions used in cell preparations for flow cytometry:
BSA: bovine serum albumin (Pentex V)
35 PBS = phosphate buffered saline;
FBS = fetal bovine serum;
AFP = alpha-fetoprotein

Dulbecco’s Modified Eagles Medivm with Hormones: HC_DMEM
40 500 mL DMEM, high glucose without phenol red

25 mL fetal bovine serum (FBS)

20 mL 5SmM EGTA

Insulin (5 pg/ml), transferrin (5 pg/ml)

Trace elements [selenium (10°M), copper (10°M), zinc (5 X 107" M)]
45  Antibiotics (Penicillin-100 pg/mi, streptomycin-100 pg/ml)

500 mg bovine serum albumin (BSA) 30 mg DNase
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Chem con , MAB 1294, 293CCD ih 5uman Monocl onal nouse ant AFP- PE

conj ugat e Chronmaprobe, P41020, A45P7 Biotinyl ated Rabbit and9dsit208dt or
Laborat ori es, BA-5000, 70313 10Bi oti nyl ated Rabbit anti-Goat, Jackson

| mmunochem cal s 200- 152- 096, 25985 Streptavi di nl AMCA conj ugat e, Jackson

| mmunochem cal s , 016- 150- 084, 40001 Donkey anti-sheepAMCA conj ugat e,
Jackson | mun3gpuh éee Eaysacid 3eBitidkbBeuhd3I@BOA. Donkey anti-CGoat CY 5 conjugate,

Jackson I nrnunochem cal s, 705- 156 -147, 3875 § t 19G Jackson |
munocheni cal ?’G’Ggﬁ@{?@- Bgh %lgég‘?“eéﬁ%&?“l“@é}‘é‘@ﬁgﬁm poes

| mmunochem cal s, 013- 000- 002., 39945 15Sheep anti-human Al bum n, Serot ec,
ABP102, 210498 Mouse nonocl onal _anti-human: Pharm ngen O0CD14/T ri Col or
conj ugat e PhaHaiks FaiferedSalnrbainitangedifiedvessianc IBB3OATC  conj ugat e CD381PE

conj ugate Ph ) 5X CD381FI TC conjugate Pharm ngen 31014X
53 ycophor%ona%cglhﬂgg%%‘ég%e Pharm ngen 32591A CD 45JPE conjugate
Phar m ngen 31056 I8He®s FTTC conj ugat ePhar mi ngen 31254X | sotype control s

'gGL PE Penicillin-100 pg/ml/Streptomycin-100 pg/ml
500mg BSA
30 mg DNase
10 Makeupto400mL —
pHto 7.3
Top up to SO0 mL
Sterile Filter at 0.2 pm

15  Blocking buffer for immunochemistry
100 mls of HBSS_mod
2.2 mL 45% teleostean fish gel and
0.8g BSA
0.5mL 1% saponin in HBSS
20
Mounting medium for Immunofluorescence microscopy
0.5 mL 2X PBS
| 0.25g n-propyl gallate
5.7g glycerol
25

6.10. Procedures for preparation of frozen liver fissue for flow cytometry

Thaw frozen liver tissue rapidly at 37°C. Each cryovial of liver {(each containing

about 3 mL of buffer containing 5-10 X 10° cells/mL) is brought up to 10-mL at a rate of

1 mL per min. on ice with HC-DMEM. The sample is then centrifuged at 1200 RPM for

30 5 min at 4°C. The supematant is discarded, and the pellet of cells resuspended in 3 ml. of
HC-DMEM. The washing of the cells is repeated until the supernatant becomes clear.
Then the cells are counted and the viabilities assessed with a hemocytometer using the

trypan blue dye exclusion assay. The cells are split into fractions according to the
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Phar mi ngen 33815X 1 g& FITC Pharm ngen 33814X Kit PE conjugate Cal tag
MHCKO4 Rabbit X Human AFP- FI TC conj ugat eAccur ate 30CGoat ant i SlhestPOsFP
unconj ugat ed11l AXL625 061 ?Am no Actinomnmycin D (7AAD) Mol Probes
A-1310,4981-1 Principal solutions used in cell preparations for flow
cytonetry: BSA: bovine serum al bumn (Pentex V) 35 PBS = phosphate
buf f er ed sal i experimEidal profoedla Staodard nibeS &L preparéd Boreonirg iatafcoh@ipip! lRbvleen 1

Dul becco' s Modi f Ea 500 nL DVEM

hi gh gl ucose Wdt:igﬂp B‘ﬁJé ‘!’\ﬁae"lf 1 y?@?&%@%‘\f%@“@%ﬁfé@ﬂﬁmﬁeﬂ GRENY
EGTA I nsulin {$pxa0fnL. ThHed6fvwdhd dithderd tthedbde nbid@e el ements [sel enium (10M,
copper (10-7 M, Z|nc£5X10|| M] 45 Antibiotics (Penicillin-100 pg/m,

st reptomyci n oo algellisasprRfdonsudiichsonsipty of rastasd)cogmlegllsDNase 45 19

July 2004 fre d &g&!g o] ri

t hrough a ene Il t%léfl?géﬁ ﬁé\%ﬂu%ﬁhgﬁ ag mnIsor ggél-lir’r@‘ §m¢g%’%%§

Sol uti on- m)dl glyesphurn i mn200 ;ﬂl‘BSﬁill’anﬂnsﬁn S(AItbmhdx@(:s d—EﬁEtaﬂlQ)frﬂlTCl\l’H%l&QIS
Penicillin-100Q gﬂm [ St repto% -100 g/ 500ng BSA 30 ng DNase 40 Make

up to 400 i CHR(PI8 andfdy Bﬁ%f@@blnﬁzmﬁéﬁq“é Filter at 0.2 pm
3) PE alone for compensation adjustments. Use a Glycophorin-PE (2 pl to I mL

HC_DMEM and add 30 pL of this to 200 pL of cells).
- 10 4 TAAD alone for compensation. A good signal is generated by fixing 200 pL of
cell suspension with 2% paraformaldehyde and then adding 5 pL of 100 uM 7AAD and
5 pL of detergent (1% saponin) to a I mL suspension of these cells in HBSS-mod. The
permeabilized cells stain intensely with 7AAD,
5) Cy5 alone for compensation 209 pL of fixed cells (2% paraformaldehyde) are
15  incubated for 40 min in 2% goat serum to label the cell surfaces with sheep IgG. The
" cells are then incubated with Cy5 conjugated donkey anti-goat IgG (1: 800) for 40 min.
6) AMCA alone for compensation. As with 7TAAD, an artificially intense signal is
generated for compensation adjustments. 200 pL of fixed cells (2% paraformaldehyde)
are incubated for 40 min in 2% sheep serum to label the cell surfaces with sheep IgG.
20  The cells are then incubated with AMCA conjugated donkey anti-sheep IgG (1: 800) for
90 min.
V)] AMCA/Cy5 controls. Incubate fixed (2% paraformaldehyde) and permeabilized
(0.05% saponin) cells with AMCA-conjugated donkey anti sheep IgG and Cy5-
conjugated donkey anti goat IgG for 90 min.

25 8) Monoclonal Isotype controls. Incubate cells with a mouse IgG1 PE conjugate and
a monse IgG2 FITC conjugate. Concentrations should match those used to label
analytical and sort tubes.

9) Intracellular Isotype Controls. Incubate fixed (2% parafonnaldehydc) and
permeabilized (0.05% saponin) cells with non-immune sheep IgG and goat IgG for 90

30 min as controls for antibodies nsed for identification of albumin and alpha-fetoprotein.
Continue with incubation with CyS5-conjugated donkey anti-goat IgG and AMCA~
conjugated donkey anti sheep IgG for 90 min.
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15 Bl ocki ng buffer for inmmunochem stry 100 ms of HBSS nod 2.2 nL 45%

tel eostean fish gel and 0.8g BSA 0.5nL 1% saponin in HBSS %UM?&HfH ng
medi um for | nmunof | uorescence m croscopy 0.5nL2XPBS 0.25g n-propyl
gallate 5.7g glycerol 25 6.10. Procedures for preparation of frozen liver
tissue for flow cytonetro Thaw frozen liver tissue rapidly at 37C. Each
cryovial of liver % @hehectn pepaed frrabroanguisition of efledind dell popuatiersrxpgsdngl 0 X

w th ro ovENP R Rl drbrf e, RonfalythieBongs b BB 70 Jos S 2

4C. The super Qeifsoaxe réssspendedan 8 el ofamdmtxglbuﬁﬁqldompnsdd of ¢1C S)N[EM}S pegsa 4+ n 5

becomes ol car 00 BHGHARRYS I8 fotoh il BenT ateured Framd Asatl pio R B S0TE,

with a hesrocgiageigrorlShNG PBare bddéAan i ual b§EEG | 4¢36AMe ABSAY: ndhters el | S
are split into fractions accor di ng to the 46 Julg 2004 éxper | rrentalr
t

prot ocol . St afigarain 3pbef Rhaminesp antihedy per lf—bKtilOoPcM Antdhpdy a¢ mlﬁglstﬁdﬂvdeen 1
d 2 X 106 |1
gﬂspensi on ofC 5415‘300 § %bghﬁmn%‘fﬁ%%%%@:%%dg g%ddagr'ﬁjl?ubes aroéu%lgg%ce

OCS. O gi nal darkl Aftsusigining iwash eolils ckﬁccwithfm% éd amidizawitie 8%qandifortal dehlydes . 5
2) RIT C al ong I;Oégz@é%r%]satlon adj ustnents. Add 5 pL of FITC -l abel ed anti
gl ycophorin A HFCcel | suspension. Alternative is a cocktail of
FJTC -1 abgded CD34, CD38 and CD45, 7 |_of each into 200 | of cells. 3) PE
al one for corrpensgé n adj uit e a Glycophorl n-PE (21 to 1 nL

HC DVEM and add 3 hﬁ agellular stasming for cell seiting) 15 4) 7AAD anne for
conpensation. A gog istkBifliar s‘éuﬂﬁ@ of @éng@‘oxbaaafybﬁ iof gapﬁsl&ta&m@ﬁl (0

suspensi on with 2% par af or ral dehyde and then adding 5 L of 1 NF?AAD and
5 pL of det er@é@metmtkﬁffalbaﬁp@ﬂfmpés Eemc%?ﬂl@éé‘b@rﬁsﬁobﬁwbpf 4peRia @mmas%ﬂl)
HBSS- mod. Theg g pgsﬁ_. fo| 105 mat 8h ed: Nice ﬂl%tdio&éf‘%% §if of | xed

e e for % g

cells (2% para orrra are 15 incubate mn in oat serum
to | abel the HUBSSE_mod ter@singilfintelsostom figh@el Tind0.8¢eBS and 0805 fecsaponin diwalkd

with CysS conj fﬁ%tfgﬁovge%r\)%re%cﬁgﬁaﬁ gl%tgoatga%ﬁ(hjtrﬁlﬂgozgflp LrPJ sh%-(e)p Elnntlnhuman albumin

(both 1:800 in blocking buffer) for 90 min at room temperature in the dark. Cells are

washed twice with HBSS_mod containing 0.01% saponin followed by incubation with
Cy5-conjugated donkey anti-goat IgG and AMCA-conjugated donkey anti sheep IgG for
20 90 min.

Alternatively, following the primary antibody, cells are incubated with
biotinylated rabbit anti goat IgG (1: 500 in blocking buffer containing 2% human serum
and 0.01% saponin for 90 min at room temp in dark). This is followed by 2 washes with
HBSS_mod containing 0.01% saponin and then incubation with 9 pg/mL

25 streptawdmleS conjugate in 0.01% saponin/ HBSS-mod for 90 mmutes at room
temperature in dark. Finally, cells are washed 2 times with HBSS-mod and resuspended
in HBSS-mod, filtered though a 50 pm sieve to remove clumps of cells for analysis and
sorting on the flow cytometer. _

If selection of hepatic progenitors is intended, the immunoselection includes

30 removing cells that are polyploid and/or express markers associated with mature
hemopoietic cells from the liver such as glycophorin A on red blood cells. Additionally
cells exhibiting CD45, which is expressed on all mature hemopoietic cells; cells

exhibiting markers associated with mature hepatic cells such as connexin 32, which is
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6) AMCA al one for conpensation. As with 7AAD, an artificial Ig I nt ense
signal is generated for conpensation adjustnents. 200 pL of Pl Obel | s
(2% paraf ormal dehyde) are incubated for 40 rain in 2% sheep serumto

| abel the cell surfaces with sheep 1gG 20 The cells are then incubated

wi th AMCA conj t X 800) .for .90 mn

AMCA/ Cy5 cont #&iﬁﬁ %I ncu‘%'gt?ét%l xgcﬁﬂf /o&ﬁ)uasr g?%o%eggﬁleégrﬁ%f markgrs aﬁ%"rcf‘?é"é%‘iwrﬂi‘zed
(0. 05% saponi. njatmekﬂesemhyﬂmlmsm@mm Hdiepaic adllate cdile@p vio BVARBrakY 5-
conj ugat ed do for 25 8) Monocl onal |sotype
control s. Incgﬁg‘}/r ?éftpggwef’ﬂ&ge%ﬁg é’E conjugate and a nouse | g&
FI TC conjugate. Concentrations should mat ch those used to | abel analytical

and sort tubes. 9) Intracel I uI ar Isot pe Control S Incubate fixed (2%
par af or mal dehyde, ) 6-3fd I istochemics f 56 : atia:

non-i mmune sheep |gty2Rd Qzﬁﬁ’éd fcﬁl(ﬁlﬁkﬁffel% ote%p aft&k‘ Ehﬁy%lscm E(ﬁ{lﬁ "the flow
anti bodi es used for identification of album n and &l pha fet 0{1) e| n.

Cont i nue wi t heytaetsat T soitedhoel Bactiony ey oliertefoiid®§%aHBSS ganst congdniag d FANCA-
conj ugat ed dopkgy @g bh rSREER tlhg ?z[tr? mv'a %7oﬂ%1$9&a saﬁgﬁs $OL4 natg@%é are
acC ec Xpr ES

prepared for the UISItIOﬂ 0 pop ati-ons
particul ar cophividetd.Hxd0db mu@mumdmm qutmsl dryy spunesdo hﬂdires:opennich:lsrmﬁﬂa 70 X

106 cells ar, re.sus ende f. stainj buf.fer- .co S

e e 318 o Shasol CHials R ARPRR: s Lol st BleRimidly i ot rg 25
pL each of CDiat4 dﬂiﬂ]ﬁg for Q@B&fetﬁﬁoteiﬁir arfdRr4bbidin A" Thediffled el NYisk? AfNheJ
buf fer according to cel | nunpers nor nal | 3 L of Pharm ngen anti body pe

10 X 106 cel | ByCroseaps pligsyare gingedkvith jasrubbraedam o praduceqn “well yior gplication ‘of
gl ycophori n Auhﬁumﬁo&tamﬁaﬁe@%d'shﬁéd 25 soa‘ita@hmu{s%frép(“wsﬁff 1;961;1(1)\} ik he

dark. After stainin twice with SS-nod and fix wt o
par af or mal dehyéh 0.9 Na@Salﬂlﬂ 73Dc¢ﬁtmn@aol3€effnm 26 for 10 mint followed by 40 minanni ng

for cell %.)rt d@gaﬁ'&ﬁéﬁ[{)acellul ar staining of cells for analysis of

al pha-fetoprotein { y flow cytonmetry the cell suspension is
per meabi | i zed wi t hCellssapé then blockedd maB%rna!nbﬂ(SrlgmraotMﬁﬁhjl a tele@fe4ni gl bIBESng nod
for 10 mn on_ji.ce:

bl. | f 15, HB
Lontaining sostfifn itk 3beye' 8o B S555m, Euberifiey AGR Mo yishEo TP S5l
mn, foll owedTHy cembcubahmmate&\notr&rngﬁaht AdtgredsUDBaithAfdAt aﬂﬁLhaine@mhnubladyran

aburt (o0t kP90 ol SRS ST S ulSl SRR B OB Srper B I
foll owed By i pedadd &fenWolidwed by a 90 min incubation with biotinylated rabbit anti goat IgG
(1:200) in blocking buffer at room temp. Final incubation with strcptavidin/AMCA
complex (9 pg/mlL in low salt Tris buffer) is used to locate AFP-like immunoreactivity
- through binding of the AMCA fluorochrome with thc. biotinylated rabbit antibody.

Following 2 washes with Tris buffer the cell preparations are allowed to come close to

~ 25  dryness before coverslipping under an antifade mounting medium (0.25g n-propyl gallate
in 5.7g glycerol with 1 mL PBS). When appropriate cells are double-stained for albumin
by includjng a Texas red conjugated rabbit anti human antibody against albumin with the

primary antl-fetoprotem antibody.
Control slides are prepared by omission of the primary or the secondary antibody
30 to demonstrate no AMCA labeling of cells in the absence of either the anti alpha protein
antibody or the biotinylated secondary antibody.  Slides are inspected with
epifluorescence microscopy using UV excitation of the AMCA dye which emits light in

the blue (450 nm) region.
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CyS-conj ugat ed donkey anti-goat 1gG and AMCA-conjugated donkey anti sheep
lgG for 20 90 min. Alternatively, followng the primry ant1?b'HH'yZOOéel | s
are incubated with biotinylated rabbit anti goat 1gGG (1: 500 in bl ocking
buffer containing 2% human serum and 0.01% saponin for 90 mn at roomtenp
in dark). This is followed by 2 washes with HBSS nod containing 0.01%
saponin and then incubation with 9 pglnL 25 streptavidin/Cy5 conjugate in

0. 01% Saponi n/ - HESE1AD0L o relthoih bl Pmaind 9B o OEPEERHESRLD 02T K-

Finally, cells are washe in
HBSS-nmod, filter edﬁiﬁd@gqﬂu@p 3es pansilietrepractioab mpple:auom npdreaf disedsks sheti as

anal ysis and ot aroﬂnﬁ{?gwf lIRleCYothﬁﬁS‘ﬁt | Odmme %(Jré%gt | %E}l,(r)f B até"&@ﬁ S

progenitors is nten [ MUNOSE nintl
that are pdl yfwi uvandiepautsxrncmsshmr Kaluge, aclrouic aliwd Wilafe, NEpbbEholangitis,

ndar L onal |y Teraropld ! BelamsEhs, heheREafmbERe  roalbiasiSn i chmon &
helrr})pm et |h C Cthetesf. leérllﬁrcr disdagdy iof &%ﬁgﬁ@l@gﬁ?oﬁ&ﬁ%ﬁﬁf&h&%&boﬂﬁf& agetigpatic
cell's such as_con s u ound on_a
hepat ocyt es affd cﬂ?ﬁﬁa‘{i‘ﬁlﬁe‘eﬁ ‘éang'gﬂ‘ﬂ E‘Elﬂi‘es‘“é%‘b‘r@%l%aﬂdn’ﬁﬁlﬁé‘? Alagilecwndioms, wi t h
. mat ur e mesengbovhk 196 digases il Pl‘ih aantﬁt%bla%ﬁéieﬁc& LRAblhe ﬁ&@hh@%&ﬁ&*&h@ or
enove

von Wl |l ebrand Factor or Fac in endothelia, are al
Jnmunohi si®c hideome. biliag aterig ICISCBWCWIF sw&pﬁaleaml@n@o@!cldgcmaecm:m ned

for al pha-fet y 0

The sorted ce?ﬁ%?gﬁiﬁgﬁg&ggg&%’oﬁrzg? g%aslﬁhé%hr%% %é‘s@ﬁe% gﬁﬁr? %cé' g%%
BSA. Upon r et siptase disedse i) biserngioonay hetechparhasosis, dmpatmhlmdxepmtsaﬂaﬂ@aumss C,
%djclrjgtsggpteosl Qﬂﬁsdg ﬁep%éslgghando n%‘t%gdn ZP??Q%IBBEL Iﬁ%g %'T‘fﬁree ounB ntoI I de
]E)r 1(_'apar a: [ ons tanhosas rprd:op@ﬂh;ai_lz}ﬂ csm:r?mj:ﬁﬁcg rRotbﬁBﬁgdrdii@Isalfeﬂtgﬁl%%hoﬁlEﬂﬁ and
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anti body ,qli lﬁ%?ﬁlsgﬁes'l'%}toa? bxﬂerm:@(iﬁ Q‘r%opx;dfoffﬁ{ % ﬂﬂage/ﬁ t?‘bbe%l 3 The'M

Two washes in Tris 20 er aret Iowe 0 mn PSR th
bi ot i nyl at ed kl2biédepton génego £emilial iy@ercholesterolemia, the clottmg factor genes for factors

VII and IX in hemophilia, the alpha-1-antitrypsin gene in emphysema, the phenylalanine

hydroxylase gene in phenylketonuria, the ornithine transcarbamylase gene in
hyperammonemia, and complement protein genes in various forms of complement
25  deficiencies.

Since human urokinase plasminogen activator (uPA) can activate plasminogen
across species a recombinant adenoviral vector that expresses human urokinase from the
RSV-LTR promoter, Ad-RSV-uPA is constructed with the aim to induce liver
regeneration. This gene is selected only by way of illustration as any other genes of

- 30 interest are equally suitable including but limited to carbamoyl synthetase 1, ornithine
transcarbamylase, arginosuccinate synthetase, arginosuccinate lyase, arginase,
fumarylacetoacetate hydrolase, phenylalanine hydroxylase, alpha-1 antitrypsin, glucose-
6-phosphatase, low-density-lipoprotein receptor, porphobilinogen deaminase, factor VIIL,
factor IX, cystathione beta.-synthase, branched chain ketoacid decarboxylase, albumin,
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(1:200) in blocking buffer at roomtenp. Final incubation WI%;] 0
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are prepared fyeRIirssbemn, MenkhotiRaldBbkiOk L¥s afbidod to
denonstrate nEg AMCA 1 abel i r?g of cells ?éhretﬂheteﬁg %gﬁggﬂ%ﬁ%iﬁgﬁées? &he Pantii

al pha prot%i td®R{FEBdy or the biotinyl ated secondary antibody. Slides are

e whi ch e 1 | hcRREaRRNGH pRAGHRGTRE Wlha dbGltaBlestis oo fplNa 15,
Li ver regenerfat humanbyPAvis prepatstl as édllovan dhe .36 kb HisdIH/ Ay 1STHi & fiapMentthan has

i nmedi ate pr ' jcation to treat di,seases.such a Crigler-Najjar
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epat ocho] angi tis omal aci a, hepato al i.a, . hepat ocarcinona,

hegat obl ast oSrRS‘I‘&P’ mWi%?\Wt%thﬂﬁP‘gﬁprg’eéqgﬁ@mPﬁl %ﬁ’alffp%f‘e‘%ké‘@é igthetasi eon
exanpl e and atlarlivepanmsptifie pasmbi@Ssueh ab hé’;_ﬁﬁﬁﬁh?ﬁ@ﬁ@t&s, BERR WablotnoRird, 91 DI €
as candi dates for, the instant therapy and include Al agille syndrone,

al cohol i ¢ | i WeEPatis {epremotessy alhumin premptersy glphian] -artityyppie poomoters: miruvatenkinase

hepatitis, Byggnddisarg SN A5 RBe Riald resi y di.sease,  cancers
such as extrahepatic ﬂg?sibgoducgﬁ Carci Eigirygﬁ%rrl\agé h@%g\%'&r:%l {I%{Sfaefn%a?rgﬂ%cﬁﬁ,

Car ﬁl'i di ;eaé@PSt@HPfabﬁmra, alpha-ftproteiy .r[do?:tegﬁ, glp%ag—;ﬁgﬁmBgeﬂLprbm?@{gimgase
i, hemangij-o i r i g is gpatitis B, hepatitis C,
hepati ti glsE, epat] %gs p?ém%t%\%/eaﬁmf'gang%béﬁrtsgft?béﬁ’lgﬁiﬁ'teﬁinyri a cutanea tarda,
pr: mary biliary @he !vhusiss)éegiged%ﬁtlpﬂcqshmfeaﬂorewmln bgﬂw&ﬁi iiheivp&&g dsignyiadr O]EYE,
scl erosi ng chol apgi ti,s, -an ) on ase. .l nbarp genetic diseases o
the liver ar tek da?so u% r r eCF alSTE™ 48 é?élﬁcgkgg?“%ieksaﬁfpﬁ‘? Oglérli‘é(t ppplification of
phenyl ket onuindividédPiflduéssin @ sells. bYhide Bajayater infédioh idie/ suprmBaft isBstecfdrNO

aci d phenyl al ani nel | f not trﬁﬁt ed early, PKU | eads to brain and nerve

damage and rRFREelogical Jpagtive BRA by BLISA and filyinofytis metivitydbefibtie glagne mgsayn t he
first weelss @bmbhsh@eiAgthk Reralydd la¥tivdNaielpal SRS 4

Exanpl es of otrft]ler t_arg;et ger{gs a_athd ttfe‘f?? ﬁg?‘gﬁgg@ghﬁﬁ%r dli?g%cgke’é'n?ﬁlgt are
amenabl e to PRilded HFth 1§ plofadain abiguoth ¢t F8e’'C andifreshly dilpted with HgDMEBM wbdia LDL

receptor genggbnd RfibR! TROXRET GRR! S8t ' clotti factor genes
for factors %VI |1 a??g lI Xin henop‘ﬁll%l iﬁ%d@{cﬁ%ﬁéﬁ g%ad[:;l%ﬁflfr?nrlfpg‘giaﬂgééﬂ%ar&n
enphysema, t Blqphssay- Albgepraéruction of the vectors is essentially carried out as described in the

U. S. Pat. No. 5,980,886, incorporated herein by way of reference. The viruses are titered

25  on 208F cells. .
C57BL/6 female mice aged 5 to 6 weeks (Jackson Laboratories, Bar Harbor, ME)

are housed in a specific pathogen free environment. Ischemic liver samples at various
time periods are obtained from euthanased mice and liver progenitors are isolated as
disclosed supra. For portal vein cannulation, recipient mice are anesthetized by an
30  intraperitoneal administration of 0.5 mi of 20 mg/ml 2,2,2-tribromoethanol. A midline
abdominal incision is made and' the skin is separated from the peritoneum to create a
subcutaneous pocket. The peritoneum is opened and the portal vein is exposed. A
silicone tube (0.02" LD., 0.037" O.D., S/P Medical Grade, Baxter, HlL.) is inserted in the
portal vein and perfused with heparinized saline. Thereafter the cannula is tunneled
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hydr oxyl ase gene i n phenyl ketonuria, the ornithine transcarggr’%ﬁl?@% gene
in hyperai nnonemi a, and conpl ement protein genes in various fF8M Gl
conpl ement 25 deficiencies. Since human uroki nase pl asm nogen acti vat or
(uPA) can activate plasm nogen across species a reconbi nant adenovir al
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cel | -specific pronnllebiogidfilicad Sentiepigloldgica! BnflyGEQEERerfoltfRRLEk! $njbetion of

prom)ters hepatitis C pronoters, al bum n pronoters, alpha-l-antitrypsin
promot er s} ﬁ‘f? Pﬁ&%‘é‘; %ﬁ?a&ﬁﬂ’f‘&%‘m"bwg ﬁﬁ%ﬁﬂﬁl veipy thongh the eansulaci Fase .

pronoters, t rﬁﬂﬁﬁﬁﬁﬂ’shﬁf&r@mgﬁm orl mfgﬁéﬁ@ﬁlbﬁbcmumﬁﬁes s direcied against

al pha- fetoproteln ronoters, pha fibrinogen pronoters,
bet a- f i bri nog®& @Msecm@nm;iommf ub4i t%@ﬂwm@@mﬁ aftitedies fisIs i S

prepared aft n n d, th r. d ted

Ad- RSV-uPA. T eag%b‘gg'n?érgﬁ r8 A%\é@@\f&%i?@ﬂc o, ?“é ?‘ b’if‘%';’ﬁ%f | PRI of
i ndi vi dual pI aqqmsed metll9® meilad dinicRhpatieloigylsbaftbes. |Inﬁuaoh obmlcbdnsupeRat ant
is tested reactlve PAb ELI SA and fibrjnolytic
activity %é/ f? Fin pI 2 Eng as Sy lfdmag’%ﬂﬁsl“ét“? h@“sﬁﬂgmga‘ffﬁ@%%tj%@f‘ﬁoﬂ’tﬁ of
uPA produced wpbmnow-:taswaxpymffaemmml DN2e perpaetli f'I'l&ﬁsaﬂiBrdb%c lof ALRSEhPAD

aliquots at -80 Ca es di | dvmth dia prior to
i nj ecti on. Th@s‘{}fsrl?;l ‘E?ag“yafp l“hf’%‘daso‘? a@%ﬁ%@ﬂl’%nﬁ@%ﬁﬂ”@@ﬁ?ﬁiar d

of Ad—RSV—uPA is used, the mortality rate is less than 5% and this dose is selected for the

liver regeneration experiments. The infusion of Ad-RSV-uPA results in transient

25  elevations of serum urokinase reaching a peak value of about 350 ng/ml (70 to 100 times
greater than endogenous levels) four days later before falling to background
concentrations by day 12. The rise in uPA is also associated with an increase in the
serum SGPT concentrations. At varying times after adenovirus infusion, animals are
infused with *H-thymidine, and the amount of radioactivity incorporated into liver DNA

30  is determined as a means to quantitate cell proliferation. The animals treated with Ad-
RSV-uPA had an increased period of thymidine uptake that began on day 3 and persisted

for 8 days. Thus, the period of hepatic 3H-thymidine uptake with Ad-RSV-uPA/oval

- cells treatment is much greater than that obtained with partial hepatectomy alone. The
recipients of the negative control adenovirus show peak of hepatic 3H-thymidine uptake
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pl ague assay- The construction of the vectors is essential I)ﬁ (Ela[r' %aﬂout as
described in the U S Pat. No. 5,980,886, incorporated herg' Hyb%p y of
reference. The viruses are titered 25 on 208F cells. CS7BII6 female mce
aged 5 to 6 weeks (Jackson Laboratories, Bar Harbor, ME) are housed in a
speci fic pathogen free environpent. Igég m'(:l | iver sanples at various.
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the portal vein 1S ] I.ni.zed . [ Thereafter.th
cannul a is tunnel :@%ﬁﬁ%l%ﬁ?@%‘%hh@ﬁﬁ%gﬁ%ﬁhewﬁ% tt?)eﬁtee&mqﬁ{%ld ‘%"é’é‘tl’#”eaa{aw th
a 4.0 sil k subtdenevirublpeogenitors lderieed frem moh-dears bedting caddvbr dbnokd indibiatet thht Bnd
and pl aced suhcuj aneous]y in the previously created pocket. The nmice are
Cven fheovir o et b amraens mobElny HERFe R s maroottis k. |,
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portal veilt, fRvcwitguenueieic it fo, ihdays pfier AdRA Vi Algwal gell admipistratignhergds
site of the alygady &Xindpdied r&@d&@ fAdhudinp Cire! endb€of GRIMYLA rdsSnatiRAsed
and connected to a syringe punp- For virus infusion, the preps of

adenovi rus i nhepaenops size rﬂfe@ggd thdep muchodergasadninflammatone reastionm (withe faw

t hrough t he ' r IR :

popul ati ons a?@ﬁ%&%gag%gﬁcg%opgg%g ?‘R%“F% ’c%%%m C rr%?égbrﬁlvgﬁegﬁéingw liver
transpl ant ed agpeamsmormmalt he vicinity-of, a specific target organ of a

patient sych as a gasg,in this. exanmple. |l s,can be tr.ansplant.ed.in .any
Dol tabl o o o - b st Syief SRR Eye it R BibrdsiRE eARbER Sy B
i ncl udi ng, r nhepatic progerfitoss indead Signifidint tioGParachyifal celbdbaesion.vesi cl es and
so on. All biochem cal and histol ogical analysis are perforned after
injection of 15 adenovirus-infected hepatic progenitors into the portal
vein through the cgfpfulBiorehber ELI SA assay for uPA is based on two

di fferent nonocl onal antrbadies directed against the catalytic and

recept or - bi ndi ng ddnhigh sefamanceobiorector \dTERH& smwploysd t fop syltivatej human

| abel ed wi h ﬁﬁ{aﬁ&%’f@gmﬁ% @gma&éatﬁ%m RIcQa Rk e ?ﬁi@'ﬁ?acéssa&iﬁ FhalY Z?:ﬁg@!

routine auto nods in the clinical pathologylaboratories. usi on
of adenovi r ushiimpes afivelly Bsehfonfurther medical QBIRIAGOT boreactps bk tieelh servesr sl t

e por col | . BBtk Ui S b OBRRURARRRT cotflulbiddeicint Bl e SRS BARE 7 2
| east in part bwase natllatied o bepgrenrpiergiagh . fadfdra HIGR)viesuliddike growth factor-I and 11
(IGF-I and II}, epidermal growth factor (EGF), type a and typc' b transforming growth
25  factor (TGF-alpha and TGF-beta), nerve growth factor (NGF), fibroblast growth factor
(FGF), platelet-derived growth factor (PDGF), sarcoma growth factor (SGF), gramilocyte
macrophage colony stimulating growth factor {(GM-CSF), vascular endothelial growth

factor (VEGF), prolactin and growth hommone releasing factor (GHRF) and various
hemopoietic growth factors such as interleukins (IL) IL-1, IL-2, IL-3, T4, IT-5, IL~6,
30 IL-7,IL-8,IL-10, IL-11, etc., erythroid differentiation factdr (EDF) or follicle-stimulating
hormone releasing protein (FRP), inhibin, stem cell proliferation factor (SCPF) and active
fragments, subunits, derivatives and combinations of these proteins among many others
known in the art. Generally, as used herein, these cellular factors refer to a secreted

protein which is selected from the group consisting of a cytokine, a lymphokine, an
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derived from fasirrh d6Ft ] pbiGHg). esadkasiocys Reymoting digand @Mk tthipmbogaigting or

treated mce @%Kﬁin?ﬁéﬁ?ﬁ%&&?.e i.nflammatory infiltrate that contains
macr ophages an neutrophi[s. Degenerative chan?es i n hepatocytes include

vacuol i zat i on, pykMithiogt lmiting so fhéspartinuiagpraoaelief glowing oghs int »bipeadiey.cothert er
A RSV UPAS OV RlenGblvn 38 Thd'he? LF ARG, ;Jggé&gﬁigf%@gg GG Eaf e NEAR! bdoplCRYAT Y

i ncl udi ng The presence o et erogerous “si ze o
nucl ei, and apnblishedldd.Sedzed Nonf 6AOMESDHr §,998484:1 DB4GBLTH 5,692,853 gB8AELA20:Ng

hepat ocytes. By LEE, u < It 1t e, L | d jver
appears nor maEeS Gé’gﬁf’n‘; % @ré{g g,ﬂ%&:@g g’? %%?Sels g&éh’% &%tsr%gp ?ggh%ﬁﬂ%kﬁ’ﬁgg’géé’
expressi on i N /OMHEMeLs AindirpdRatedBdiéih be vy ofRMdrtmes | nduced significant

|'i ver parenchymal cell regeneration. 6.7.4. Bi oreactor hi gh perforjance
bi or eact or (BPBR) R8¢ W%@&qwn@mstﬁ(}&phm#se crﬁéggtPBg'Pf‘:E’y{?FB RSt or s
i sol ated fp0m,aq QAEAYBh oHRP BhramERisSard FOGRASHr WkdrhplO§P U, & Pat. Iy Ges22rBsmher  of
cells useful for further nedical purposes or bioreactor by itself serves as

a  product i on innermordtest berpial e Iof yelgisaea.| Celly presiselpied @g diclosed akovingAll
factors that %g&fglag,gm% shapéfJBbté‘iBQi A6k negqu diftha CReRRRPEOCHIGFITRHBIOERS! O

(HGF) , insuli gro act or -
Attachment media for long-term culture media is as follows: RPMI 1640 (500 mL); 50
ml (10%) FBS; 4 mM L-glutamine; 1x Penicillin/streptomycin; Gentamicin; 15 mM
25 HEPES; 10 mU/mL Insulin; 10 mU/mL Transferrin; Selenium; The HPBr system is

flushed with media for one day before attachment media is applied. 500 mg of

preswollen Cytodex 3 microcarriers are inoculated in the inner annular space of the HPBr.

. The oxygenator fibers cradled the microcarriers and prevented them from distributing
throughout the ECS. Viable human hepatocyte progenitors are also inoculated into the

30  inner annular space, and the device rocked and rotated by hand to achieve uniform mixing
of cells and microcarriers. Assuming that the hepatocytes are between 10-20 um
diameter, the cell-to-microcarrier inoculum ratio is about S00. The apparent viscosity of

cells and microcarriers increases rapidly, indicating that cell-to-microcarrier and celil-to-
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consi sting of leRatepYtEi3THeultued fo S/ﬁﬁ 1%@‘ %ﬁ’i‘%%hal@ﬂf}ﬁﬁ? AP ye , a
col ony- st MuaafkiBblic’ MG, of 3hd) BEIRTE nonftored HYNBIRAE Waily rsﬁﬁf:l@sr Afidr S%éeks
chenotactic factor, a coagul ation factor, a thr orrbolg)m:!1 5 pr ot ein,

c

conpl enent  prsi% Freoygy of Fighlersellsand miareawE e it Achieved Aloyring Q&?ﬁd‘lﬁ@mng

such bi ol ogi V., HreA I act or
VT, Factor (i Rakle RPRSTIIE wAE0 BNk OR, I’f’ A e R P RS

cal ci toni iy gaoubhHRBr mowietedifosif) inimntes:dhe cutral o@t ¢ E55 s otpelled with sterile air
I
apol i popr ot i ﬂomEﬁ ﬁg bamgl?m‘l:’.'(ﬁg %Eoc@&dls r%%a%ﬁt\gig?mdl U8 Eﬁiﬂﬁé?@dﬂﬁ 'ﬁrtx Lthe = ons

di smut ase, i mune res onse rat hyroi hor nbne
(I FN al pha, tetsdals ousllegiadm.)hedmdsepa@tedyw h factors, gl ucocerebr05| dase,

col ony stirrulatin erlggfé 1)1 tq 15,. g Io | ony
sti nul at| ng factor 'ﬁil ﬁ‘g’ec %%I?a\‘a aﬁ% &F1 *’ﬁ&
fact or SFGE gafel e pleaidi) C ThofMlowigiTol b géderig ézaeixar dtb&cmﬁ) h

"fi brobI ast Ggére(?\?vt h fggifeorpﬁ% I atoel eg{wdgfleveg vvtPIrl fact oran?lgl;r)aé:e)
adenosi nelYeadfopadeat cslls 4¢84 AWM ‘I‘fggeI £r“’6‘\1ﬁ¢|#c%1%2(8brt§at( ¢ $PRARAately modified

megakar yocyt e,jar iRl ic[’lgtolni?ﬁﬂ debdurt MsRERARRSH IR and® Bish&sOBPHBH AN
thereof. Wthout 'limtin t hi s articul ar prgtocolml flsgrgem})ng cells in a

bi or eact or, oinHes art. 1Media Fibenawidni ¥y propertiay are prefuted in the HiEs. dhehiorgaconis abl e

5Tl SR 6 i e B g g

5, 443, 985; 5, hame8ih, sald3BD @ﬂiﬁa C&P@Bﬁl 993; a5, wiglely28se; fot, @ABri0S Imchogage

4,760, 028 co in b eren Th t
S o na 38 AeRROEdoth BRRT hal br S oL LA BN R dOE b s AF o
details on otHEBr, pafgmgeﬁmsmo‘étofmo’d céllsrorélx@aphssddsmedJ TiB. reRatmerided ccll-

5,622,857 as _incorporated herein by wa refer ol at ed
as di scl osed ‘%QE)‘B\?E’CQ‘RCF mogflpg atg i & gg|o£ abgui 1@5’?@?‘1‘&”@@@ gi“f ﬁ@rmSi gma
Chemi cal Co. @in thbdify thaCA @sigi. €Fhe dVidedi BRIV rot@éli drdu@fiodtARg ekRiieatihd ur e

nmedia is as follows: RPM 1640 (500 nl);. 50
about 10 cpm (or greater). After culturing the cells for about one day (or more,

—

25 depending on the specific cell), optimal confluence is attained to obtain efficient
transfection. The cell-to-microcarrier inoculation ratio is adjustable to positively impact
this time frame for therapeutic and economic efficiency. On the day of tlie fransfection,
prepare the DNA plasmid solution (e.g., pCMV), and cationic lipid solution (e.g.,
LIPOFECTIN Reagent, Life'Technologies). These reagents most be serum free, even if

30 the overall process requires' the presence of serum. Mix appropriate quantities of DNA
aﬁd lipid solutions, then inject the mixture into the ECS of the device: After about a few
(or even several) hours of transfection, resume use of serum, if appropriate, and continue

to culture cells as before for about a few days. Longer periods can be used when
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m. (10%9 FBS; 4 mML- glutarnine; Ix Penicillin/streptonycip;

Gentanmi Cin: 15 mM 25 HEPES. 10 myni Insulin: 10 niini  TrAASH¥2004.

Sel enium The HPBr systemis -flushed with nedia for one day before
attachnment nmedia is applied. 500 ng of preswollen Cytodex 3 mcrocarriers
are inoculated in the inner annul ar space of the HPBr. The oxygenator
fibers cradl eekpeR@ngrperAGeRYY BARSIIMGA 18y e diiapst Cefis i romragnest sined’ o ghat

t hroughout th dpg%@&‘lslﬁ/ human hepatocyte progenitors are also
i nocul ated into e I nner annul ar space, and the device rocked and

rotated by hand to achieve uniformm xing of cells and mcrocarriers.

Assum ng that the ‘gf atiog.ﬁ' esl.aerre bet ween 10-20 pm dianeter, the
T

cell-to-mcrocarri atio is about 500. The apparent viscosity
of cells and ni crAsai lek@fision o ab@@sampepord! skillddnidi e tart\grnt &idily @@t -the - .
o-mcrocarrier, and cell-to 54 1 93&%%2004 cell attachnents are proceeding
rapi dly and nBPIFRFIPY aS\WR (fXfFacprpor fie ssugport piystemy; Xenpiransplgatation; (heye

of cells and mdpRkAAG S ctgans befwRbABiibcic) ctameiprumeﬁa@rtﬁ%w%goo@@&m livers
Fol  owi ng an overnight incubation at 37 Cin attachnent nedia (in a

stati onary poby siegynimal ergansedi Retentialdraescd trapsnlaiige reimal Otgans b0 Femms, (2
L). These vol eﬁ&?tﬁl%ﬂécé“tﬂa't ri}&eét%ég@d&‘ aﬂ?fﬁl@é Oﬁfefﬁlﬁie'ih iehfd. WG ¢
t uction to the desire evel . e e

can scale easily e prod atocytes are
cul tured lor &gk éhkusplapt tegipienés wowtd dicakipp diugd to suppress dhs iremmoe exskom afithe
met abolic fungti f t l.s [ b esting.daily s I

After 5 week ,r%veg'g(?g arne%e\?é(r?l{? %"# \?fug% e'}nglél?ﬁg %}hg Oﬁ éégg(l:ngi&rt’in r's Ilr{@ gc Y eved
by the fol | owAhgnaivede theranimal Firk®caohtiagén dednfente®PBOst rimts adomh thut Oardihfert
(0.23 M EDTA is used to.flush the ECS 10 and the HPBr incubated for, 10
minutes; the WBMIRRIGE Withopea immmng Ssiems 4s restltsd By pahiogepic hpgpvigus
syringe barr etan akibé. Aléx@aQFFort sl hefdoR alfdrt\Whyithm lodBxgorey the rdvitsaeks TV aitand
the materials collected washed and separated. The HPBr i s eqll\JIa\I(qIG% sui tabl e
in the culiivanimalspaeies ige henaorgaiiasplanaionoae e Rigprdpripafeyy Neygrnelgssib

expressi on) . iIRGaf Glak @ BOmAsS cl-BRAL hitificiaP et i vailblR! RGO brekRhbla RS BRhROEe
15 dependent cells (e.g., SW480 P3; ATCC #CCL228), that can be
appropri at el ylivesdi fi ed and optinmi zed from published procedures using

culture wells and gishes. i ' ;:5}& ' ia. fii ith 10
kD properties are.‘%frt%f%Elg%ﬁg?%h?%gtﬁééﬁ%&%to egg{_e%}’e%gfng%ag%‘%?%c}&e%
much the sanepmwpeniters as oblemed.i Boukirelip? & 5 Giltiodestls lof highr (@ear 8(1%) viability are

( Phar naci sgl.d by Sigma Cheni cal .ui)'néar w.dely use for cu i n
anchor age%ko %’éﬁgﬁ%eﬁt &"88% °e ﬁ'ﬁ?é%%gl Hsgeg l%fheg% Oﬁeeﬂ?ﬁ’[epg ?Ra%'goum
i nocul at ed i ningditde ECSicOdminbeate PR 5 bikliogicalls,f the Biordactéidist RaleXlg b eed | S
or higher as desired. The reco nded ce]l- to-nicrocarrjer jpocujumratio
is inthe r an@@%ﬁm%a'ﬁv?lio?aé%%@&dﬂw diggpier k90 s ahﬁlgﬂk%fri%{w y
this as desirpdmisThRislRM sifatioh Qﬁ@tﬂeydsrata’pb&ﬁhhﬂél?%ﬂﬁ&'h HiAficBX RAA anBRl  at
about 10 cpm (or greater). After culturing the cells for about one day (or
mor e, volume of 250 ml per containment vessel are used. Medium is supplied at a recycle rate
25  of 360 ml/min. The high viability of the hepatocytes is evidenced by the stable oxygen
consumption rate. The bioreactor is then attached to an ahepatic buman recepient whose
liver is removed by surgery due to total hepatic failure. Alternatively, the liver is not
removed but instant bioreactor will help the better recovery of dysflmctiongl liver.
A skilled artisan will know the procedures for attaching of the bioreactor as an
30 extracorporeal hepatic support system or will know alternative roeans known in the art
such as disclosed for example in the U. S. Pat. Nos. 6,008,049; 5,981,211; 5,976,870;
3,891,713; 5,827,729; 5,643,794; 5,622,857; 5,605,835; and 5,270,192, each incorporated
herein by way of reference in its respective entirety. It is evident from such references

that donor artificial liver cells are not necessary limited to human species and cross-
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25 depending on the specific cell), optimal confluence is atégi &tezl% %o
obtain efficient transfection. The cell-to-nicrocarrier inded¥°84 ratio
is adjustable to positively inpact this tinme frane for therapeutic and
econom c efficiency. On the day of the transfection, prepare the DNA
plasm d sol ution ' (e.g., pCW), and cationic lipid ,solution (e.g.,

LI POFECTI N Re&B®ifts us¢ p¥ icly gellsris hewy ipassible. THarsxamplg géver sellsfoam pigs oe pimefes ee,
even if 30 th By duitkB10 f Hamh LGl res the presence of serum Mx
appropriate quantities of DNA and [ipid solutions, then inject the mixture

into the ECS of th&lepdviraye theAeft ésmantd auteryais idigveted mto @ Minntechvisanaicpndeatuater. of
transfection, N f . rQpriate nd caontinu to [ture
cells as befor‘{e??g&}?“gg%%ta% aca?'gl[vl\/y?a?gmﬁgncg’erc {[;eéllr‘}ir% SactEVin Cé’nﬂ%‘%ﬂi %%55 19
July 2004 expdilndingpe tnminemicbycentratan STier iarvcaekhtsator sepatted slie blo&d fto af |
-.-manner simlag- f at . describe eviously., 6.15. Artificig liver 5
As an extensi Sﬁﬁl %ﬁ*’ 3%8@@1%;5%?% a’i‘fﬁ%g@%i F‘%ﬂeﬁ“’ﬁﬂx‘tvﬁléeé??d ‘(‘?ilrfraéﬂ‘éf} H%F’:&B“B‘Bt
the Dbi or eact @ thtSerbrabidin @ia @rshnile albidpe PEtel 1btrFIMRNO Eited B RWMoconcentrator via
Xenot ranspl ant at | Qng’%he, translg'larant ation of organs between species) can
hel p alleviaté e X F‘lbél{fea'éﬁf" ﬁ@)rﬂ_’q P%Fogﬁebvowt?rgss&mrhmﬂhoﬂlgm e
potential danQ@fus@d td 4G RIRANsHES RNb MmO AASSprfitsi8n MHERNSthe HRAVRME! the ! S
that- viruses that infect the donor animal's can infect the recipients. As
the 10 or g&n tiuafdisiieds reteapditethespatisnt diabe tlefkijegplalr i (T depenstrats thee

| mmune sy_stemp%]gls- i £ Glok -8 05 & ' of f
the i nfecting ani rlr?arF55}4?%?&6%?{12{@%?%65%9{]3‘%’&2%%| i Fs%ﬁﬁﬁés’é%g%%{ngpé I n
the infected mmtaboliradoby tieolivert Azthospevuinafiecind Ikleoaime, coe tadmirsstered fintootheal

| mmune syste resul new_pat hogeni ¢ _human Vi £.us ari se. An
ext racor por egﬁl _ltﬁ"g%%%? ?:ﬁg%]ﬁ%% P fl'h g ég){% %OBV Bcrg?‘@gmfeﬁ%%%b%‘?eﬁvkéﬂﬁquw8?71t e
15 ani mal = speciaeethgiglyoineeyiidiiedMEGX)a A pheanirad hahe aitttd dfahobigrandrsbetorat es.

Nevert hel ess it S ear. that if a human. cell_based artificial liver js
avai | abl e, t %% “tﬁtfﬂéf‘%?f%blﬁefe%ﬂ%i*?mﬁhe PAHGRY 5. SigRilicnnt g aefapelisns o bpff 7-
cul ture natur %onﬁf&ﬁhﬁﬁh’t&& EREANS Are bRRveAdaTRE indsulté Rirefold QERHsERE Sthal ©
obtained. Routinely 2 to 5 billion cells of high (over 80% viability are

20 obtained. PRPIFEHRR of the PIQEACIon A ASHPRIRY SYSEAN.| BFOVIHmEhetRerfEOSEp peratient ed
vayrnouth  TeidiBolisl, 2ERBERARL St tRe b16oedll oM plikh midifiGel kA AAAL LA | S

scaled up to two contal nnent vessels, each wth an In I anet et of 40

mm and a hei giatacden aithe resipient t¢ thehforcigdrephtoctties: Hripataentesdrony humen damdsasd
appr oxi mat.gl y ' ' 0 Y Moo o
cont ai nrren2t% vgﬁgg%g rleeﬂtés}er%ﬁ$k}%%p%hmﬁ?@ ésag%vﬁﬁ %1 a lg&zr’%gg%ﬁlésg%taéq’ B& 8F 360
m/mn. The lighsefukibithd bigreadtorttdprovide parazospoeal hepativsugporced by t he stabl e
oxygen consunption rate. The bioreactor is then, attached to an ahepatic
human recepi ent whose

6.16. Progenitor cadaveric cells other than liver cells

This invention also relates to methods of obtaining cell populations enriched in
25  progenitor cells from tissues other than liver. Examples of such tissues include but are
not limited to adrenal gland, blood vessel, bone marrow, cornea, islets of Langerhans, bile
duct, lens, lung, kidney, heart, gut, ovary, paucreas, parathyroid, pineal, pituitary, skin,
testis, bladder, brain, spinal cord, thymus, or thyroid, _ .
The following examples are provided as a general strategy that can be modified
30 according to particular needs but without altering the scope and spirit of the invention. In
an exemplary embodiment, the subject progenitor cells are provided which are useful for
patients suffering from any insulin-deficiency disorder.
Both fetal and non-fetal cadavers are used in these studies. After exsanguination,

the common bile duct (CBD) is identified in situ, removed, and placed into a solution of
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liver is renoved by surgery due to total hepatic failure. A|1FnaefuBraé(io\ﬁE| Y,
the liver is not renpoved but instant bioreactor wll help the bette
recovery of dysfunctional liver. A skilled artisan will know the procedures
for attaching of the bioreactor as an 30 extracorporeal hepatic support
systemor will know alternative neans known in the art such as disclosed
for exanpl e i RFutteecoy MgmNpgHagks HMedgingQBMING). Fhe 8EsAAET pan@edlic Siéiliar and
5,891, 713; 5, ‘ ; . , 7 5, 835; and 270,192, each
i ncor por at ed &ﬁ%}%‘?eg af)?//e %é;a%%?de %?%ggneé%issl e ?{egg?%%vﬁggyi%{féwgﬂ i“’tggf?.ceﬂst i's
evi dent fr om The TBDy fatone rwithsits ashafatelbbranchas, tthe inginglandrbatier dueg) & tednesliaed

necessary limted tq human specie t? cross 56 19 July 2004 species use of
such cells istrwrﬁfggs‘f’fﬂ éPPfE’b‘P’a‘éiYaﬁﬁ dm | lopg microrqrgan: explants g ipivisualat es
are equal ly saisbﬁmdes;ﬁgg] oy "X hesd $FecidRiR Ak éaélpép?lﬁlgﬁfihgl\gﬁm e aflGh ¥ | S

directed into a Mnntech henpconcentrator . ringe el ecath cannula is
i nserted i nt oSioh fackass. fither inethy pagsemce Arabsense of goBagen 4ype & opwtrigebi a5 t o

t he hémoconce _ e hREn&e # . ' .cel |
free u"l’i)f_t r af I%O g?i%?srﬁ g%f i on, an%gg%glt%%gfogéﬁ ﬁ%@gyi%ﬁﬁﬂ%g%&ﬂ%}&gg%l%
fraction is rpudgehbythetincarparaticanafrtadmedspryvridine(Bsd Wi insr DNAhynihe réSpending
ultrafiltrate It C O V] 114". PYyC t upi ng_and
entered the h%%fe%t &%&Péa%l @m@%&%éﬁ%{%%ﬁﬁﬁ%ﬁﬁ ‘;{55%0 ST (SPERY 0 40
‘mAimn . wsi NP4t ind.| Fhe poppermAkiponsenie fiidgsd bp tichubilitg bf thes: gripalatiowt sfrcells he
10 ultrafiltrate is retyrned to.th tient vig the left jugular vein. To
demonstrate t e %"PWi@H&ﬁR@fﬁc‘gﬂ ?@c‘g’?%f?ﬁ’éaﬁ mﬁ‘@bﬁ&ﬂ?‘” tgé‘b'&gi%g‘f‘i?r 3dgggron.
different chewhealdstidaa hok® RLRBIHURITGRRSpRY, s SFGFY Gfs ustd &b NBHMEART | N
and I'i docaine, are adninistered.into the ultrafiltrate at the inlet of the

bi or eact or . THOSPHWHSENS ¢l conceriEbiont dsne/ml dQ ng/ml raad| 100mgfml.  Activation of
monoet hyl ol yChidatetirioi A GsdeMeBy Bl 1fdiRE SUEER i AfniBidiriRhorClo A of

bi oreactors before 15 the ultrafiltrate I's returned the patient.

Si gni ficabt newaBofactomBeIF within azpaephikhre olese isrmoadifferenctorbarved baween 10
DS v TneakP Y didimt B Hafiol SRR o e Bl P H A Rlprdiftasion
bi oreactor as a support system providing ex racorporpea epati-c

nmet abol i sm Toke dsépetr egllsomdofin tchstebng odf thebd sells orBrtliminptyabmg fekmi glowds
I mmunol ogi cal __ reaction,.o he,recj pient to the foreign hepatocytes
Hepat ocyt es fPEHHGNEAD eo&‘gt %grcidﬁgﬁﬁxl%ﬂrlaﬁfﬁ%fgﬂﬁ‘%we@éfﬂtﬁ%ﬁﬁﬁpﬁ?d
f r om cadaver scalakritaizkustha casbimhaiataiies b At for atasse 21 dwys. useful in the
bi oreactor to provide extracorporeal hepatic support. 6.16. Progenitor
cadaveric?®ells other than liver cells This invention also relates to
met hods of obt ai ni §97.c Prosditiee cdld B Eeflid K28 Aisedtes 25 progenitor cells from
ti ssues other than_ |jver. Exanpl es of suciﬁ TTssues include but are not
linited to adrenal &-GrlF@samnetd srapswnd capge ohindvaing iniey whish is similartodhe
Langer hans, bjelign D?L{Gxtal_ héfafs of Y Ealmn KAARE ¥ind R ALl toGhduce WVAbYel PAHIGERRS:

parathyroid, pineal, pituitary, s
Carbon tetrachloride generates free radicals with a very high reactivity by the action of

Ui

25  drug metabolizing enzyme systems in liver cells, and these free radicals can strongly
R depress the cell activity by combining with protein of the liver cell membranes or can
. ~cause peroxidation of membrane lipids of the organelles, thus leading to necrosis of liver
cells and accumulation of liver fats. Accordingly, these compounds are widely used as
test models of acute drug-induced hepatitis of human beings, e.g., fatty. liver, chronic

30 hepatitis, and liver cirrhosis. ’ '
Therefére, in this example, the present inventors conduct tests in accordance with
the method reported in detail in the U.S. Pat. No. 4,898,890, incorporated herein by

- teference so as to confirm the-efficacy of cadaveric progenitor cells in accordance with
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testis, bladder, brain, spinal cord, thynus, or thyroid. The,I %ng
exanpl es are provided as a general strategy that can be nodi fgl

according to particular needs but without altering the scope and spirit of
the invention. In an exenplary enbodi nent, the subject progenitor cells
are provided which are useful for patlents suffering from any

i nsul i n- def i cHEnBIPSeHt JBYeAEPD. BWisiars arain malel Tatsrearh wsighing APOr tp 20@ mised in

t hese studies [ I C

identified i nms?é% érﬁ&}egﬁr% Q&waﬁgh %Bace%tp@ﬁtng%EBrﬁJ&b; ‘gcr{g%t &5%%@5&3&?[9“92004
i Yul oecco's Hisenlvdden Stml E@gkdwm@pdmwcw\@yhyszﬂlhgmwalmaluhomcrhe serum
pancreatic ac S as at.t ached d vessel S are
t hen renoved Bgﬁcﬁ gg’ggt aﬁ}ﬁ)&% %&P&r g,g;b eﬁm%um eﬁ*’d‘ng"aﬁﬁ Ch rpsgmin

associ at eds br 30T glutatie-pyaivic fransamdate (GRIDL ] AILPebyc hﬁﬂutﬁh&(ﬁtﬁdnalyser A

i vi auai 1y SerouBRFREPlfied b Bouf et e e PR b P |

DVEM wi-t h t heﬂmdgdmtp mmméh atg:ﬁOWSh: f(ﬁqnbnﬁer pmgrehm dallaveli€ c#llsei€ BEfinered
absencé of col | agen rrat ri Q glr owm h substrate.
Ef f ecti veness 35¥° é{‘)ﬂ |ﬂﬁi§f'¥ﬁ ‘H15‘F%R 5550 groyp arectdgpinigiared vith 4, g ged

by the i nCOfpﬁfeﬁﬁJhﬂﬂa&Bo M&xmad@gmwﬂtﬁé ARpdnBoALbf JrofeRittNAID YIntdShELpendi ng
cells. Anti bod| es to BrdU are used to visualize and characterize the short

“term respdfsesf cxmnpzws e veys. of Tfs arediyradewith m@cpbﬁwhi@d,emge@d Fpe thiver

ability of thggﬁ.!, w nggd
culture as ar |t of SpeEal flgé:o grq%évw%ﬂw%gsc?%rr&géégpt(?gg ihree ﬁLPf gﬁ%rlnt
growt h fact or soFE@R Wlﬁl'@ma-irp!nad conted! gloRGF) The rats xlbich tm tobiafed evidrprogdnigor

progeni tor cel 10 m
Activation of: H%r%lt (ﬁ'g{g% iI'on as §%§1§’%%{frqm§a%um g{cﬁél %gd{t%dw&ﬂ h

admi ni strati ommpar&Dwmlgﬂieihveﬁ—mjhﬁy gidomihoﬁmm:tr&ﬁ with hn*,pﬁttapmg&ﬁtm Pk hr.

There is di rence, ghserv tween 10 and-100 dose. Addi |on
of EGF 0 18 herelfs FPEInE BeHHicr oo L SPRS VBT G1vERe Al Ctrinlb BraRes o

cell's and in gﬂmseﬂﬂ%gmﬁfcammmmbh&ﬂnﬁiﬁ&hhpﬁr@% thell®Bg teen growth
experiments indicate that there does exist a rge, proliferative potenti al

within the CBD cad@drwraqld gul whe prosenicd with adiver disease hyparbtimnhingraias that ot
| east 21 dayseaudéy kedsé-anid ﬁﬁ@%ﬂbﬂlﬁfbl& %l JubsthRE prdduddd BiPtei1i4ef, ¢4l h&ﬁﬁﬁ@aﬁa in

d- Gal actosamine is a conpound capable of In ucmglnjuryv\,h Is simlar

to the |esioferdload;is éﬁqmﬁ@ﬁatspftnrlsl%q’ 1hherina Bey wngsr ulaﬁ*doieshm@s treatiemiurce a
del of
model o a@pagfouﬁ caugﬁg)hﬁe bizby. a&ﬁér%ggﬁaa{%g@énlg Fr%%g{aﬁ??roﬁpgl &ail&ervxﬂoh{;k 2

very high reactivity I on of I'zing enzyne sys
in liver cell é;reeelmdnttohm&'fbr Gerphutickibsr bdimtin lowlyl e me:ﬂrasslsavtﬂged@hhéd

t ty b nbi th t. f.th b
por oxi dat 1 on' S RBDRE PGP PrivhoBnelFhe 65 b R el B o ot Goi

of Iiver hours in photothcrapy

Thus, this application of cadaveric hepatic progenitors is useful in the prcvéntion

25  and therapy of liver malfunction and injury including but not limited to viral hepatitis,
| fatty liver, chronic hepatitis, fibrosis, and liver cirrhosis. It is also clear that the instant
method allows to prevent and/or treat the ﬁvcr metgbolic dysfunction and/or injury caused
by other causes such as chemotherapy, or drug abuse, or alcohol abuse for example.
There are many drugs and substances possessing the tendency to cause liver injury and
30  these comprise, without limitation, analgesics, antipyretics, anti-inflammatory drugs, and
anti-theumatic drugs such as acetaminophen, aspirin, phenylbutazone, sulindac, ibufenac,

gold compounds, etc. Antibiotics: amiﬁoglycosides, polypeptides, cephalosporins,

. penicillins, tetracyclines, etc. Chemotherapeuntic agents: sulfa drugs, isoniazides, efc.

. Anti-cancer drugs: mitomycin C, cis-platinum, 6-MP, nitrosoureas, etc. Anesthetics:
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cells and accunul ation of liver fats. Accordingly, these congpﬁﬁﬁgﬁre.
w dely used as test nodels of acute drug-induced hepatitis of

bei ngs, e.g., fatty. liver, chronic 30 hepatitis, and liver cirrhosis.
Therefore, in this exanple, the present inventors conduct tests in

accordance wi the ne re orted in,detail n the US. Pat. )
4,898, 890, m?:’bﬁr pOr At gﬁ&]ﬁwbyﬁ r EP¥chatopic S‘B'“&% elomparmazines. H’éa’-’epﬂfm&;acy

of cadaveric pabjdsietoDineddssthiagides; eer dance with 58 19 July 2004 the
present invention. Wsta ﬁwraln mal e rats each weighing 180 to 200 g are

i ntraperitoneal |y FHP8RPeamer pisiul mpplisstions: argjobwighnta o skiksdgin: thofartd The
al act osani i nespedifeSeaufbsi of ﬁ;ré?ﬂ:c:pﬁ{rerkdlkéﬁﬁgsaﬂbl{aﬁg%ul"’?&egmt ﬂﬁn&&{;){é '!ﬁ%ﬁ' cal

saline solutions. The sSerum of the es 1S exam ne Fi ng
gl ut ani c- oXal SUWEMe aloohelislisier diseaseslphacFyntitypsin aeficierpyy autormnmuuedre@minsmase :

(GPT), and Alghy Qtﬂssﬁugﬁﬁﬁ} H&ct@%ﬁia,yﬁ e ‘métrow ' Hfiflre | ﬁl!,licié(llr %flﬁl ndsucuerd?l eﬁﬁlr%’c‘)up

control group Is treate exa e sane mannér
i n whi ch. abodisease, SCmgIPGNaﬂ@m)lndme (Paogje nlitease, cholastatid pruzigls, Schalefithiasis,

adni ni’'st er ed I I-I’lj red liver exce hat rats in_ the

pl acebo group (Sau‘éﬁfeg xﬁée?'%@?ﬁe)p d WEh aom%egﬂﬁﬁrﬁﬁlsaté‘gto‘}‘weﬂt?%’fog‘ﬂ“‘bl1&’@% of
t he suspensi odlseasé thag:s,rﬂDulnn-Jd&ﬂsbts syndron&i) efyierbhepatic ftdporphriL XdRahhdpRiit S

t he I|verZ?I ats are |n d.wi.th caj Hﬂontetraehlorlde instead. The |iver

“injury-in eaﬁlfl?{a?aé'c izl ByperchRlesterplemiz, galaciosampip, Gibert syndromep
when conpar eﬁlyméeﬁ Stofagd - dm’bja.tt-f Sentafibind] H3MBtHRomdla&s," AbSutic V‘@Hc@éha‘ft%ﬁthgase

treated with g ?enltor ¢el I's denpnstrate marked suppression o

iin GOT, GPT, ofhpangjifie nhepalgmaisriag hepatpmegadia) jhgpatodapgingma, | ht@atpbbsbmﬂ rol.
not treated VidikHiRAPAdnfochoR@RIEs! Gh mcxhqnﬁ egﬁﬁu'&lalegﬁgq g‘b BEQIGREL OF

cel | s suppress or even zeverse an certain rot ect act osam ne-
and car bon t etrinsplantgrony divien frilueedassegiated, with B*vdlum aegus, Medljcrycmbuhhetngl rl

who presens ed, bi gauses
excess am@gunts (%#"H%ﬁ |drc%‘§£mﬁh% sggm (ghéa%sgoﬂgh%&eédp‘gyﬁnme%nﬁ %5’ mary
accunul ate i nbﬂlhre'rcmuhastsdrafacuoaqwcnsd Rbwr spetromnd, Xatcoidbkis, fmletcssl@ ElYangitder
ul travi ol et Ig%re(tm?s tre 2@-‘{&’5}}’ cess called %l@otothe,ra . After
the hepatic cée t’ar%nﬁlf'é{% FF&%"&*’ SFYORSAEY I REeHYd, VaHe Ngver
(portal vei n)vyenbedlusivel diseadeiof tHedivet, snd@Walsaodigshs@as havi ng decl i ned

dramatically, and now 'she is functioning al tthough she still has to spend
about four to six hours in phototherapy. Thus, this application of

cadaveri cahepatic @Is)gﬁbéé}hﬁod &mgtf.nﬂior'(!lll& he prevention 25 and therapy
of liver mal function and tnjuary rncluding but not limted to viral
hepatitis, fatty THYy@RmplaRrayiies stapsferi anisolationtof Gsmslltt@rmtd ingenmitied liversi .
It is also C'ﬁi@éenﬁtﬂfi lishewhils tafidus a‘.JIéq(\ngh ev t n%ng or. tre t

the liver netabolic Sﬁsfunctlon and/or Tnjury caused B Wer °c u such
as chenot her aiybodipenty isglisglnsedin dotailawiti hndersidnding tbatrotmrqmﬁaﬁanon techniques

are equally suitable as long as they are agreeable with desired goals. For examplcs of
25  preferred, non-limiting techniques see for example U. S. Pat. Nos. 5,807,686, 5,916,743,
15,672,346, 5,681,559, 5,665,557, 5,672, 346 and 3,663,051 as incorporated herein by way

of reference.

Pluripotent or committed hepatic, low density liver cells can _be preliminary

isolated using either Percoll or other suitable density gradi.ents such as ﬁistopaque and

30 after_ centrifug:_ziion, washed twice with media and resuspended in 10 mi of elutriation
media. qu counterflow clutriation, the washed low density mononuclear cells are injected

via a sampling site.coupler into the inlet strP;am of a Beckinan J6M/E centrifuge equipped

. with a JE-5 rotor and standard chamber. However, any of a number of commercial

continuous flow centrifuges and elutriators that preferably employ disposable plastic
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There are many drugs and substances possessing the tendency1bg ase l'iver
injury and 30 these conprise, without Iimtation, anal gesics;, "antipyretics,
anti-inflammatory drugs, and anti-rheumatic drugs such as acetam nophen,
aspirin, phenyl butazone, sulindac, ibufenac, gold conpounds, etc.

Anti biotics: ; | ' L.de ephal osporins, ~penicillins
, tetracycli ngﬁwgﬁgﬁgeﬁé%g&cﬁ%%ﬁ%ﬁ%ng ét?ﬂsgy B’?ﬁ‘%{ fepargfion ean bejusedisuch des,
etc. Anti-canicibe “nwgkModéls €MP600! and, " Antopheresls Cnesld b§-BYRter MibmQSRHl B2S
tc. Anesthet | GS: . | , t hoxyf | , etc.”
o = 4By RS AU A o 5 e
Diuretics: ththakiedddnstaiments THap o a0 sBllB@ i Hella i%&ﬁ@ﬁ)ﬁﬂﬁ%ﬁ@{e%zﬁg&] ous
eseen liver

to those skilled in the art . The specific exanples of fo

di seases i %cl J&E‘E’IB"L?F gﬁ’é“%@l Rroiges goptiuons How gPPIEmaBOfssﬂn@iumnﬁ'hich lic@Be® i c
liver di seasenormbiphsaline andoldtion PSith defobCi RIBFY - D@HIc?' e titi
biliary -atreﬁ\éﬁl hiliary ductopenia , bone marrow %ﬁ‘l ure, uddfi’éﬁ%g?"i
syndrone, Byl

S. 1 4 A

) ﬁe&?ﬂ@@%&ﬁa@eﬂg e -(ERAA) saand SPrmig/Shbovidasainn diwesiaseith pH
chol estati c pidisteiys 7.2 b e 38k ] t hyperhi | iy ubi nem.a,
chronic graft- \}/Ugr sus?ho_gggg?glggi%?&grﬁffgt%ggﬁ#g&f ?‘\%lésr ngﬁf@‘é" at au'ioﬁ’gbf’gs,
Dubi n Johnsorfa@yof de apkminerojerispesdegf £00g ang notoomoempyining, Afkt 100 a6 aF iefialk0

bil e duct fargl 09 Beq fiid )4 y:perchol est erol. ey a, .gal actosemi a, G| bert
" syndrone, l.cpglagézgkgen st%%dé?%}? Es}elggsrgﬁse‘ggonéjtn Wﬁ‘h%ﬂh@gﬁ‘&tm ﬁ%‘?ﬁfg]%lﬁﬁ,‘lﬂﬁﬁ@ﬁat ic
encephal opat Hhe flowepmtesoarb gbquegiidilys increaeiatoorR ndthia, 3D eRARMAMAAA!F72m)/min
hepat ocar ci nocgﬁe tih ?Q@i{]’gblﬁsf na, her,ﬁ?i tar{/h henochr onat 0si s, j aundi ce,
i'ntrahepatic chol ee witheged nggropent- The cells that remaigyinthe ehamber atejcppinred

failtre assodiyatmihgwuhd fordasti dddFusERE BSchafb oFhiE 1P Qpéihﬁigﬁéq]ﬁedﬁ.sﬂacp |
porpnyria cutanea

orni t hi ne t-rahﬁ%%]rcbangl asg cflef i'ciency, peliosis hepatis,

tarda, primry HomisyWasned v pentrifuged: ac3Qeyforn 0 miaytes. Rtitable dyartiomnee

sar coi dosiss, caRéceddDiablitF ROdd il D i excttR &1 el SyRdrone

t hr ombocyt openj a, . t rapsiqflanerri a vari té’:%ﬁq%‘%:g i%}é veénlgcégpurgvgmaﬁ TWase
of thee Iiverdetegpigedyith e¢ll epustsnoultenElectapics,Mieleal, &.).on of Progenitor Cells

Thi s exanpl e provi S¥ ' i of commi.tted and uncommtted
|iver progenitor ce Ias..eﬁeﬁﬁg—gél\i/sgﬂr?? gﬁ?r%%:%ﬁimﬁﬁ%@ Jgﬁ‘%bkﬁﬁwtisFPaFﬁ@né’Pg, one
of pref erred arefspefidad in Phpsphate sniffosddsaline (RBS), IpEV7 1) cortaiaingt 599 dieRy chipat

ot her preparati.Qn re uglly. suitable.as |ong as they are

agreeabl e wi t%l %m%é(s)lbfg} g%g@volﬁ—lgf'd Z%ﬁﬁ@%ﬁe’ﬁﬁﬁéﬁﬁr y ipgr Bedmean ng

t echni que® seeurftaflow camyifugal kluBatidiadysteMog. 105 804 rcﬁ&@ge%ig%lﬁgﬁ)“% m usin% a q
, as incorporate

5,672, 346, SZTR?)T]T 5g9, g gaggéraSZ 5,672,346, and 5, 66
herein by way“of P& &le P SErapion Fr Sk dtrampnis) and saowlesenrs ty
i ver cells emmdeflopkb sEhin2 ahe ok ARn VPGS bk i el s a0l U1
sui tabl e densit ag{ahdl ents such as Hi stopaque an
. necessarily have to rely on density gradient separation.
The progenitor cells obtained in the suitable fractions generally have cell
25  diameters in a range of 8.0 to 9.4 microns; the majority of the cells had diameters that fell
within a range of 8.3 to 9.2 microns. These diameters are measured according to
techniques known in the art. If necessary, further selection either positive or negative,
based on cell markers is carried out.
| A variety of other antibodies known to those of skill in the art can be used alone
30 orin Acombination with liver progenitor markers supra. The choice will depend upon the
cell type desired to be isolated or enriched and include, but are not limited to, antibodies
specific to hematopoietic and lymphoid auntigens such as, anti-CD2, anti-CD2R, anti-
.CD3, anti-CD4, anti-CD35 and anti~-CD8 specific for T cells; anti-CD6 specific for T-cell
subset and B-cell subset; anti-CD7 specific for major T-cell subset; anti-CD12, anti-CD19
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30 after centrifugation, washed twice with nedia and resusp?ﬁgggj()&m m
of elutriation nedia. For counterflow elutriation, the was I"ow densi ty
nononucl ear cells are injected via a sanpling site. coupler into the inlet
stream of a Becl anan J6I\/IE centrlfuge equi pped with a JE-5 rotor and
standard chanb wever , of _a_nunmber of commercial continuous flow

centrifuges a anty ngt‘&t‘sc? et (dw/8a pregificfpr Bycells; agd LI Joansl 2t CR140 19
July 2004 i nsggsificet ma@t&hmlma@m@bstﬁ%é ?o&ﬂggggﬁﬁ&t%u?%ﬁd

separatlon can be used, such as the "Fenwal

" Aut opher esi s C841dfgr aiﬂEﬂ}ﬂBa%@tJéFDlm@Wamdoﬁﬁllc speeific foir cDa‘.malf thylrmbpytbi;andl BM
Model 2997" s ho

i nstrunments i%ch%égggﬁgs gﬁ@ﬁfﬁ E%ﬁ@%(goélm.?@ Ig'??esc 5}% I ?%o?‘ceﬁo

Pal ner 5 | fAst smm'é'wtf@; lyohghoédy progéitor pcltstd&li ambrgtannlwgms- :lﬂtﬂEDd)ia qbeutfrcl fati on
medi um whi ch e Solution with [ d]. D-glucose,
05 " SlEeret A B ien St O bty mohoxdieh el iver SzgRa
bovi ne serum mmmpﬁ:clﬂctfbr wbhocgtds Ushredbcy s, Zxaﬁuﬂ’kh&rﬁﬂﬁ&@ﬂa&y&&@ﬂdﬂc&xﬁﬁg
prior to use. a‘ﬁoﬁ bi ai)%ﬁ‘ijflvereg{cat ato (%lg ,Ill oW te of 15 mM/mn, rotor
speed of 900g2HR&PA? S % ByEiAeses amfr(ldy] &F"iﬁc fgéﬂnﬂlé?éyt% TgpROCYtes
col | ected, thend plRiMetsbati CDIBNPERRS BF 1bRoBfes; Hhtl-0D21 spé@iﬁ&fotrhﬁatﬁ:etn)fcclﬁpeed
hel d constant, .the flow. rates are sequentiall y increased to m / 33

mImin, adf 3704@3? rPpecific foreBropiy © auﬁltmﬂt@acﬁrcfrlhg@e%@m% W@ﬁé@ts
that remain Iactivaﬁd@@émean@tgw@ﬁ&mc% BRI )] “fulaéy% (9 @tﬂaf g%ﬂn-

flushing the chanber with 100 of elutriation raction
i s washed andCBRAtspedifi) & 3&&”@@0’& mﬂrBﬂ?@USrmﬁﬂmme@macmthcmeBﬁ%am e 15

col | ected, viahj | e pan. d
cell recoveri g@l girjgg shé: rfr%?n .ﬁ}’ %{ %gluéit) Or P aéﬁcl:ét onldag

Hi al eah, FL) . céllstaed Stetrnbeed &cddloebs* mmlapamuﬁx p]nmle&sa&ﬂo& yeshmigitophages, t y
gr adi ent parati.on and sus e%h? hat e buffered sal i n BS) ,
o7 oSt ARG e BreEns ApRIEh shog Rl To0 aSabteg. i bl 1
D- gl ucose, angnd e’dsﬁﬁfalﬁﬁ ﬁlti’ EDB$ Spekific ForamERe ) ndLloid p@gétﬁ@f Eélﬁ\/ﬂnd myeloid
centri fugal e}ﬁljlt(rl ati on tem.at 10C at a, rotor speed of 950 rpm using a

JA-17 rotor a £ 801 hematapaietie B@E‘Rfﬁ%frf’ellﬁs%ﬂlﬂtf?%?ﬁ specidisfor
sanpl es are eﬂaﬁme@yt@kt nidn@wtésataa;%umw@w fenaagd éﬁm&éﬁé@ Bnti-C38 shlific

method is verSatile and does not necessarll%/:g}ave to rely on density
gradi ent sepaftmenecytrymagspphnges ansy plateletss agthBBA spedific fqrem@tutet Bisels; anti-

fractions.,gen I V. rSal o) R
m orons: Che. eoeb ey fer pRtha ol BARBIE e B AANEL Dol Spdlid for
of $.3 to 9. 2mafue (B?sells:l' m@mﬂamclépsfoaﬂbcﬂibamdr ediciagiogy ditirgDU@ and 42b

technlques knomn t, nece er_sel ection either

posi t1ve or  namaitey ik WyseBl and e CRASREMAL ant BBt Bt 8RB Rorept o

ot her anti bodcmldﬁng\ﬂ}cdlb #mhib€P44 peakicl for lencdchies atd Redoellse amts- €48 spesfic
for leucocytes; anti-CD45RO specific for 'I:—cells, B-cells subset, monocytes and

C')

25 - macrophages; anti-CD45RA specific for B-cells, monocytes and T-cell subset; anti-
CD45RB specific for B-cells, T-cells subset, monocytes macrophages and granulocytes;
anti-CD46, CD35, CD58 and CD59 specific for hematopoieﬁc and non-hematopoietic
cells; anti-CD47 specific for all cell types; anti-CD48 specific for leucocytes .and
neutrophils; anti-CDw49b specific for platelets, activated & long-term cultivated T-cells;

30  anti-CDw49d specific for monocytes, T-cells & B-cells; anti-CDw49f specific for
platelets and megakaryocytes; anti-CDw350 & CDw52 specific for lencocytes; anti-CD51
specific for platelets; anti-CD53 specific for leucocytes including normal and neoplastic
plasma cells; anti-CD54 specific for endothelial cells; anti-CDw60 specific for T-cells
subset and platelets; anti-CD61 specific for platelets & megakaryocytes; anti-CD62
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30 or in conmbination with liver progenitor markers supra. ng JCR’? %ﬁ wi ||
depend upon the cell type desired to be isolated or enrich 3 q cl ude,
but are not limted to, antibodies specific to hematopoietic and

| ynphoi d antigens such as, anti -CD2, anti-CD2R, anti- CD3, anti-CDh4 ,
anti- CD5 and a eC|f| for TCEHD anti- CD6 specific for T-cell
subset and B- ¥f SLfBEela" aisd - i’fﬂ?tssp@étf é3fc?Pe‘ﬂjé? ofoFr- activpred | platelets,

anti - CDL2,  antronédeinfibropagdtl| 4int20DE4 26pdeifB! for GRGkbeyRY! fuplebifidted AMbltdriefdAV7 8.

specific for B cells; anti-CD13 _and anti-CDl14 gemfl ¢ for nonocytes,;
anti- M6 and #ARmaNsEE WS spacific dei graanlogyiey @pd chstarageneust reactiyiny] wWith
platelets; an{'don@gfels au&ksl&ts asggmﬁpfo} ga{laneﬁbé Iafiei E‘ﬂsscsﬁé&ﬁ&ﬁlr m&nﬁx ytes
and Langerhans c anti-CD9 sSpeci f re-B-cells; nmonocyte

pl at el et s; 5 anaid w@@as%ecm@ﬁ%r spiesifip hééicd aptllwgeénlﬂ—orandem@ls,c aAhVata‘hd

gr anul oyt es; If : [ | .l C
for granul ocy?‘gésﬂoph%%}%g?/ 3@9‘2?1 lhc %‘?a"r““k@‘?ﬁ ¥%§ﬁcsﬁpé%%v%$%§§f '(gepl)lé’cl fic
for nonocyt esStcgibalrgbR@dyteﬂs anrhtmapihsumlatgr calle 1yrapheno; mr@)ﬁelspedlmwfe:m a;

anti-CD15 specific ant i i f a es,
nonocytes  an “H?tﬁ?teroé‘?(g %ﬁ’fga%ef)e%fﬂl’ﬁe{:a‘ %l"eslﬁ"e tblg?té ec?ﬁﬁ? lt
specific for saketradBr-eel h&satl@nt&ﬂfl]ﬂ@@&iﬁéﬁﬁcﬂfcblﬂs &mnﬁn@@dsmwpﬁ €8s M
and mature B-ce] l.s;anti - ic for, %Qvate B—ceII nti - CD%
specific f®r mMttEPrdS spret amr sgls; ani efe

for activat edgybyetaafti-Br7e! dpaclﬁacfma%lwﬁdre&nfsacmamagﬁﬁbomtﬂo @@aauanam
anti-CD28 specific for major T--cell subset; an speC|f| c for

activated T- &iewtpfackos {c§ It Id3e EGFe IGF ﬁ@é@%gﬁ%ﬂpﬁﬂﬂ et TNyelehs and f or
platel ets, no Bﬁcﬁs/ reggh g {32
specific for ?f&a%r ophygaei (ﬁgrg%ﬁg ’é@?‘é‘?"%@gﬁ‘ and e05| %Io%% letgﬂ ant 1 - CD33
specific for emnlpyipestcinsmpetBVderyrioge prateins)c b@mg)nemd:ehv}led oi tllmqreaﬁk@mteth

anti - 0 i et c n iC
For g anti oogliset hERsRE aAREoR s iediIee st S Boul 4l e R0 El

ant i - CD36 speOtHer tarlfeay aridmmcbmm/pmedlmqsﬁa@m mnhb at atecdgedlly, smable-s(tﬁh’sis

specific for tur B- cel ecific f asma cells,
t hymocyt es angla%lﬁsie °éamﬁlcé[eﬁr§tsb PW&%&RW@%@ eIghStur e B-cel | s:
ant i -CD40 speci fi cAfief thBab®lel cite @ Rferbite € hilQBlicatiohd arEB¥Eh RAByY ddldrposfparhby i C

for platelets and nmegakaryogytes; anti-CD43 specific for |eucocytes except
circul ating Bred FQ@I“WFP“@E%FZF‘%‘E% fic for |eucocytes and Red cells;

anti - CD45 ,gpeci fi Cypfior preRHED COMIRRAmEARY lof GRESIRRRRAC hiveC bR illashi@teldS and
B-cells subset, nonocyt es and 25 macrophages; anti- CD45RA specific for

B-cel|'s, nonodsseredaniidwill e appeegistedt thata parjous ChateRs cap dei mpde fgrein. widhout
T-cells SUbseh%psgglgoﬁéﬁhezﬁe TPtk QRAALGR éf"dae%%h%ﬂcyﬁo%e skl | ip (e Gt @55

CD58 and CD59 fic for henmatopoiet ic and non-hematopoletic cel
anti - CD47 speucicbgmize, or baldblects| asctxsapewnammmmms peiting iespefrigrentationcweyy es
and  neutr Ophl | s?aée%rt!st Ito Wgecﬁcp gr%bo&lmcn rofph]gt ﬁlv&ttl%h asliptat ﬁe%ig‘. | Qe term

cultivated T
25  equivalents are intended to be encompassed by the following claims
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30 anti-CDw49d specific for nonocytes, T-cells & B-cells; anti-CDw49f
specific for platelets and negakaryocytes; anti-CDws0 & CD&& lsg&ﬂ)fi c for
| eucocytes; anti-CD51 specific for platelets; anti-CD53 s Yy
| eucocytes including normal and neoplastic plasma cells; anti-CD54
specific for endothelial cells; anti-CDWw6O specific for T-cells subset and
pl at el et s; antW}I@IGIBGIpmmﬂ)GSfor pl atel ets & negakaryocytes ; anti-4M62 62
-1 9 July 2004 specific activated tel ets; anti-CD63 specific for
activated pl atel et WB%SE P‘é’é?%‘lﬂ“ofpﬁ'ﬁg‘é‘e@m%?ﬁ? fo qigtain gp evrichpd pdputation of
nonocyt es (upﬁegyhameﬁusamgﬁgﬁgon .gammua. ); anti-CDw65 specific for
granul ocytes and het er ggenous reactl vity with nonocytes; anti-CD66. & 67
specific for dPanuPBR%AiasRongtal danppiiss ‘V‘Plddb@lﬂomﬂnmd)umastaﬁleamchn organ
nmacrophages; aphipiédeftfdnsa@Aci fic for activated B- and T-cells, activated
macr ophages, and natura1 killer cells; anti-CDwrO specific for activated T-
and B-cells, (& erpinseygingseid noefaa domgr dissuedp blisinian chdcigd poplthtidnyfphong:
anti - CD71 spe 4&6% activated T- and B-cells, macrophages,

proliferating-c anti-CD73 specific for B—cel | subset and T-cell
subset; anti-CD74 specific for B-cell s and nonocyt es/ macr ophages; to
antl-CDw75 speci fi t ceII antl /6 specific for mature
B-cel I's” and T?zcel I %Lﬁlg G? P %E?‘f fe%fifi?orft’é‘fqet whichwogldbeer
B-cells; aoti mmmmmmf@smmdm@lm@nf RebAned 6®ulh ddnblwhésk3, EGH,
| GF | andII al.pha and beta, TNF-al pha—and beta, FG-, NG, CF,

| FN- al pha andhﬁ*iﬂbﬁ %’S ;> viral antigens (e.g. Hepatitis B virus

envel ope proteins or H 'V envel ope proteins), hornones, cellular or tunor
associ ated 15 antigens or narkers, adhesion nol ecul es, henostasis

mol ecul es, and- enddbhBrthar ofelains? in wdydhethe dmOkéssycasnﬂbt@m‘uﬂnmmoupsmcedur es
known in the @bk 3 deihialibosr Sdibdqabl e such as disclosed for exanple in
U.S. Pat. No. 5,840,502 incorporated by reference. Al of the above-cited
ref erencedsand publications are each hereby incor por at ed by ref erence in

its respectivg ent i e re odi ts of, ention
have been. il Ig'ust rg{% tgﬂgdgfc esczrniflgve'&cfh%? %of sB‘é”%B”F‘E&“H#’é‘H arious’
changes can béoumdfterttheeheaitbeatnedatedut departing fromthe spirit and scope of

the invention. Those skilled. in the art will recognize, or be able to
ascertain using no nore than routine experinentation, many equivalents to

the specific Snbodimeimtsodbt didif 2 i WhithiRdSHES Sésisb RbbRRCAIIhiSHN: o hour
equi val ents ar é;;ltended to be- enconpassed by the following clains 63 19

July 2004 At -1.. A nethod of processing non fetal donor
tissue to obtain an enri ched popul ati on of

6. The method of claim 1 in which the donor tissue is cooled.

7. The method of claim 1 in whick the donor tissue is cooled to about 4 °C.

25
8. The method of claim 2 in which the donor is a neonate, an infant, a child, a
juvenile, or an aduit.
9. The method of claim 2 in which the donor is a pig or a primate.

30

10.  The method of claim 1 in which the donor tissue is selected from the group
- consisting of adrenal gland, blood vessel, bone marrow, cornea, retina, islets of

Langerhans, bile duct, lens, lung, kideey, heart, gut, ovary, pancreas, prostate,



progenitor cells conprising: (a) providing non-fetal donor tissue that
woul d be considered unsuitable for an organ 5 transplantathg &
processing said non fetal donor tissue to obtain an enriche ﬁﬂbgﬁ %lon of
.progenitor cells. 2. The method of claiml in which the non fetal donor

ti ssue, which would be 10 considered unsuitable for an organ

transpl ant at i oparathyobpineah gituitarp.rskie, et bladdar Seaih expiriabend, spiesn, ugaﬁg,obr :

- The nethod of glaim?2 in which the donor tissue is obtained wthin about
six hours aft @™ %e heartbeat ceased. 15 4. The method of claim2 in which
t he donor tissue is obtained within about three hours after the heartbeat
ceased. 5. The, nmethod of, claim?2.in h the .dgnor tissue is obtained

wi thin about ohle hE@P thng ﬁg% H@gF”§€ﬂ§ed 25 6. The net hod of
claiml in ghich the donor tissue is cooled. 7. The method of claim1 in
whi ch the donor tissue is cooled to about 4 T. 8. The nethod of claim?2 in
whi ch the donok2-i s Themesdirdiob claizn2 i whish the progessing step prpvidesrssibstangiallysingleul t .

9. The net hod g S ﬁ&rgorlaﬂcxﬂhﬁ_h the donor is a pig or a primate. 30 10.
The nethod of c I'n which the donor tissue is selected fromthe group
consi sting of adrenal gl and, bl ood vessel, bone marrow, cornea, retina,

I sl ets of Lan , vary,
pancr eas, pr'(')s %F%Jd?fﬁﬂ%b%&gg%?h{hgg%&%h%%ﬁad{iiﬂﬁl%agu ul grf/"g ski n,
testis, bl m:ideselccmmﬂim tiepuspehsiaohdse @bé ﬁeirr;xptehg/ml@,stanemaxltcy pmbaiated 1. The
met hod. of Tl ai m @B % Els g i ver efri 12. The nethod of claim?2
I n which the p‘?°(§ |°ﬁ§e %‘%YB? 9 GE O%?%rﬁ%eﬂt%‘f (,ﬂnfag,g 5ingle cell

suspensi on or an explant. 13. The nethod of claim 13 in which the
processing ste additionall();i(F rlses &ggselectlng fron1 he suspensi on

those celI's thdt exjrdadood; B‘n‘?éh‘ FocgssiigSteRadditioppdly comprsey aor
negatively w tdebafking@Rp! toPRévidy BBkt PEelIGabfentibN&ftftfed in progenitors exhibiting

15  atleast one marker associated with at least one progenitor cell lineage.

-
v

15. The method of claim 13 in which the at least one progenitor cell lineage includes

at least one of hepatic, hematopoietic, stromal, or mesenchymal cell lineage.
20 16. A method of procuring liver progenitor cells, comprising:
- (a) providing a non-beating heart donor as a liver tissue source; and

(b)  processing the liver tissue to obtain the progenitor cells.

17.  The method of claim 16 ir which the donor is 2 mammal.

'18."  The method of claim 16 in which the mammal is a human.
19.  The method of claim 16 in which the progenitor cells have the capacity to develep '
into hepatocytes, biliary cells, or a combination thereof. '
30

20.  The method of claim 16 in which the cells of the donor express at least one of
alpha-fetoprotein, albumin, bone sialoprotein, CD14, CD34, CD38, CD90, CD45,
CD117, ICAM-1, collagen type I, collagen type II, collagen type III, glycophorin A, or

osteopontin.
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14. The nethod of claim 13 in which the processing step additionally
conprises a debul king step, to provide a debul ked cel |l suswmﬁ%9®fnri ched
a

in progenitors exhibiting 15 at | east one narker associated W | east
one progenitor cell lineage. 15. The nmethod of claim 13 in which the at
| east one progenitor cell |ineage includes at |east one of hepatic,
hemat opoi etic, stromal, or nesenchymal cell |ineage. 20 16. A nethod of

procuring |ivat prégesticded priding 2 Gonphaviigy leastwne progbmer dellopulieah by
heart donor a§0“§cé%f§% eﬁi} SSYR Source; and processing the livér tissue to
obtain the progeni tor ecerl st &) PME 17. The nmethod of claim 16 in which

the donor is @)manpratiding® dofidrthaviel Aadn-béatilsaks; 16 i n which the mammal is a
i ich the progenitor cells have the

human. 19._The.method of claim 16 i F

capacity td d@m o‘ba”ers'ﬁ’i%‘ﬁﬁeif&? tlie’g‘)'t‘%‘sﬁnsr’lﬂilf‘afﬂs;u@@wmg,at lsast gneprepénitat ¢dh
thereof. 30 2fopuldiien;@tihod of claim 16 in which the cells of the donor
express at I(Ca%gt one of al pha-fetoprotein, albumn, bone sialoprotein,
CD14, CD34, 8, mmﬁzﬁnﬁg?ft@jlaiwt,edﬂ@mqpbt@wrcmdmrwlpe 1, col | agen
type I, collagen type 111, glycophorin A or osteopontin. 65 19 July 2004
21. A nmethod of providing a tissue having at | east one progenitor cell
popul ation as?h shmmetwdof piocessag fatad humenh Hsspe eroohpain s exgichédgopnlativh 6F Ng a
donor havidhg = i D harvesting the tissue fromthe,
donor, t_hglti@gﬁﬁqh‘ggﬁlﬁg&%?p@gé?m%ﬁé&%r ogenitor cell population; and (c)
processi ng f uf@} herprotiding fatal dsmaxititshs thaewdwld bbt@isileRd QGRINABIO ForGell $r arg2. A
nmet hod of pro&g&s&éﬂg fﬁ%&lw hLé{TBn tissue to obtain an enriched popul ati on of
10 human |iver®pr ;M s conprising: (a) providing fetal hunman

n r]]1

genrtor

ti ssue that wol d precessipsdatiice@UhuinmUissirb lefaﬁlran%nﬁ&lehpﬁlﬁul%n oP &
|

transpl antation; and (b) processing said fetal human ssue to obtain an
enriched pop B 98YA S5 i ver progenitor cells. 15

15
23, Amethod of providing a tissue having at least one diploid cell population as a
source of diploid cells, comprising:
(a) harvesting a tissue from a donor having a non-beating heart at a time when the
tissue is harvested, the tissue harvested being suspected of having at least one diploid cell
20  population,
(b)  processing the harvested tissue to obtain a population of cells substantially
enriched in diploid cells.

24." The method of claim 23 in which the donor is not a fetus.

25
25.  The method of claim 23 in which the donor is a neonate, an infant, a child, a
juverile, or an aduit.
26.  The method qf claim 23 in which the dipleid cells include progenitors.

30

27.  The method of claim 23 in which the processing step comprises processing the

harvested tissue to provide a substantially single cell suspension.
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23. A nethod of providing a tissue having at |east one diploid cell
popul ation as a source of diploid cells, conprising: (a) hg vest | B? a
ti ssue froma donor having a non-beating heart at a tine wh HHLO0F; ssue
is harvested, the tissue harvested bei ng suspected of having at |east one
diploid cell 20 popul ation; (b) processing the harvested tissue to obtain
a popul ati on ofy.cel g msthet didigld | lobbi ) ' : o
method of claim23 in which thdéﬁdéﬁ%ﬁa{c_ggir?fy"dacgkr‘éegt%5.“%’5&%@%??5&%“{%%6 of
cl ai m 23 i n whthesubstantiplhisingle eellpusnension @to e armfosmfractigngs hi | d, a  j uvenil e,
or an adult. 26. The nethod of claim23 in which the diploid cells include
progenitors. 30 27. The nethod of claim 23 in which the processing step
conprises procédsi rfhamethodnficlain 28 dn whish the stparging\steg separatesispemiellaftbym
single cell .su LON. e | 28. . Th t ho f claim21 in which
the pr oce55|5 ng%ﬁfég%’r %%Fa‘%ngﬁg?%igég&glgﬁvgrr%etnflﬁ'g&ﬁf’r?éggtgbst antially single
cell suspension into two or nore fractions. 29. The nmethod of claim28 in
whi ch the sepagati st epar at.es | er cells _from 5 snaller cells,
i gher denst Ly el | Ehetpghod R el vl Bhy fidnoct fraphconsiinseenaiviel of
clai m 29 in whimdileptsisdbweiteasifyrdalli,iopBeth ¢ fiirthbr RGeS @iproddb ¥ pojulaiieds! er
cells, | ower d%gl?ity ce!éi S, .or hoth ,(?re further processed to provide a
popul ati on of ¢ pebstantidlly carichediin diploideallsy i n diploid cells. 10 31. The
met hod of ghainms 30 in which the diploid cells include progenitors that
express al pha fetoproterm 32. The nethod of claim31 in which the
progeni t or s i n&l-udelhejmathodnf sloadm B30 é which ths didoid vells ineledeaquiogeniters diakeBedsn
whi ch the ti ssgﬁhai_?‘%gy sted within about six hours after the heartbeat
ceased. 34. The ' ne h of claim23 in which the tissue is harvested within
about three hours 20 after the heartbeat ceased. 35. The nethod of claim 23
- 'hga‘r“{‘ be 2 . tzgagéé%s UertleSndtRla 0 2l 314 Philh AR eehilds HMES v Tt EentdiS

' 15

33.  'The method of claim 23 in which the tissue is harvested within about six hours
after the heartbeat ceased.

34, The method of claim 23 in which the tissue is harvested within about three hours
20  after the heartbeai ceased.

3s. The method of claim 23 in which the tissue is harvested within about two hours
after the heartbeat ceased.

.25 36.. The method of claim 23 in which the tissue is harvested within about one hour
after the heartbeat ceased.

37.‘ The mctﬁod of claiin 23 in which the tissue is sélcctcd from the group consisting
of adrenal gland, blood vessel, bone marrow, cornea, retina, islets of Langethans, bile

30 - duct, lens, lung, kidney, heart, gut, ov#;y, pancreas, prostate, paraﬂlyroid, pineal,
pituitary, skin, testis, bladder, brain, spinal cord, sﬁleen, thymus, or thyroid.

38.  The method of claim 23 in which the tissue is fiver.

i
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.25 36. The method of claim 23 in which the tissue is harvested within
about one hour after the heartbeat ceased 37. The nethod of claim23 in
which the tissue is selected fromthe group consisting of ?ﬂ%ﬁ‘é‘ﬁgp{) | and,
bl ood vessel, bone marrow, cornea, retina, islets of Langerhans, bile 30
duct, lens, lung, kidney, heart, gut, ovary, pancreas, prostate,

parat hyroi d, pignealy cdahlotib@Eomprigkist ibebor BN | Bdlasgor O
-.spleen, thymus, or thyroi g 38.pTEieg?r‘%)?ﬁ%ﬁ o? %1%:&%1 @R%&hq?hgﬁ%%@ 1‘:fssue

is laver. 67 sligeisinatinshamethad obelpios23i on conprising a popul ation of
cells substantially ea -ctied in diploid. <cells obtained by the nethod of

claim 23. "40. The conposition of claim39 in which the diploid cells
i ncl ude progerit or §he berhpositionxpelems3hinphidct the diplodd edlls fuchGl progenitors that

5  express alpha-fetoprotein.
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