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(57) Abstract: The instant invention provides, for the first
time, the use of cadaveric organs from donors with non-
beating hearts as a source of functional cells such as pro-
genitor or stem cells for various medical purposes. More
specifically, a method is disclosed whereby a tissue source
of progenitor cells is obtained comprising harvesting tissue
from a doner, wherein the donor has a non-beating heart
for as long as about thirty hours postmortem and process-
ing the cadaveric tissue to provide progenitor cells. The
nstant progenitors are used for various medical purposes
as means of cell therapy, gene therapy, artificial organs,
bioreactors, organ regeneration and the like. ‘




instant progenitors are used for various nedical purposes as means of cel
therapy, gene therapy, artificial organs, 'bioreactors, orgﬁﬁ reg ration
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or stemcells, fron1t|ssues of donor cadavers Wi th non-beating hearts.
Backgr ourish (D&snghhel Stdtesd @odichalh) ARIPOIBreds SGHAGHL I PlRGent | NI Cal and commerci al
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because of Pﬁ@“ﬁ ‘YF%K%NEUEhTEHQGEM pgpopul ati on 10 coul d have in
treating |i t(qx ’((0 5?‘ GlB#“%We Bnivo-teder Slaaivheralberigiot refer @R UGuid-
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transplants are perforned a year in the United States. One of the imting
factors in liver transplantation is the availability of donor livers
especially given the constraint that donor livers for organ transplantation
15 nust ‘originate from patients having undergone brain death but not heart
arrest. Livers fromcadaveric (asystolic) donors have not been successful,
al though recent efforts.to use such donors have supported the possibility
"of using themif the liver is obtained wwthin a half hour of death. Cel
transplantation into the liver is an attractive alternative therapy for
nmost |iver 20 diseases. The surgical procedures for cell transplantation
are mnor relative to those needed for whol e organ transplantati on and,
therefore, can be used in patients with various surgical risks such as age
or-infirmty. The use of human liver cells is superior to liver cells
derived from ot her manmal s because the potential pathogens, if any, are of
human origin and could be both better tolerated by patients and easily
screened before 25 use. Attenpts have been nmade in the past to obtain the
hepatic progenitor cell population, suggested to be the nost versatile
popul ation for cell and-gene therapy of the liver. U 'S. Pat. Nos.
5,576,207 and 5,789,246 to Reid et al. who utilized cell surface markers
and side scatter flow cytonetry to provide a defined subpopulation in the
liver. 30 Hepatic progenitors are diploid cells that thenselves or their
progeny are capable of differentiating into hepatocytes. Liver progenitors
are also extrenely useful for production of growth factors.




These coul d be associated with their owm growh or that of other
progenitors in the liver 1 19 July 2004 (e.g. henopoietic {Iam? gnc ymal
progenitors) and coma al so include as yet undiscovered gro fply 2094 s
associated with early steps i'n the dedication of hepatic progenitor cells
to a particular lineage. These novel growh factors could have potenti al
in treating liver disease or in controlling |iver cancers, now recogni zed
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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



or asystole. Currently, only 1-2% of deaths in hospitals neets the
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The shortage of essential organs, 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 organs that are still functional. Currently, the organs intended for
transplantation are retrieved from brajn—dead donors whose hearts are still beating. If the
heart stops, the blood circulation is arrested (ischemia), which interrupts the oXxygenation
of tissues (anoxia) and consequently, organs are damaged ischemically within 2 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-half hour from the time of heart arrest

or asystole. Currently, only 1-2% of deaths in hospitals meets the brain-death-heart-



present invention it was not down that precursor hepatic cells can be

i sol ated fromwhat was considered in-the prior art as a "usel ess” organ. 3
19 July 2004 Technol ogi es devel oped fromthe advances in t hE 4P andi ng
of human liver progenitor cells and their isolation and expansion, as

pi oneered by the inventors of the invention described herein, offer a
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t he har vest edof emispienttlivems litoai seleatep apnihentrt-teatingf cadaver Henogs) i&ir@shira) Med Sci
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particul ar enpbodi rent of the invention, the processing step nmay conprise
processi ng t hBotenial denog guuss fst ke hrguabt 4 BRspifel OF st B9Egug) |The §¥w§w wugtdhen

suspensi on. THiS orgah Wh&idaSolms UBRBNSCP MeCatBard Boddkios Ppcteurkd heN®mphte, a
separating the substantially singlée cell suspension’into two or nore
fractions, typueigal pampppeanited pwes, toghebednid harvessdhc grgansr Because of the

20 elapsed time due to these procedures on many occasions the organs are already

irreversibly damaged or are no longer viable. Accordingly the prior art provides a large
number of methods and processes for protecting donor organs from ischemic damage.
See for example U.S. Pat. Nos. 5,702,881; 5,0660,976; 5,752,929; 5,863,296; 5,855,617,
5,843,024; 5,827,222; 5,723,282; 5,514,536; and 4,723,939 among many others and
25 incorporatéd 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 amrested beyond the
irreversible time point. Only three U.S. Pat. Nos. (5,843,024; 5,702,881; {?_,?2:3,939) 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 examplé U.S. Pat. Nos. 5,576,207 and
53,789,246, 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 “aseless” organ.



In this separating step the larger cells are separated fromthe smaller
cells, higher density cells fromlower density cells, or bf_g‘nh.t ézﬂ?/ met hod
known to those of ordinary skill in the art of separating 2% i nto
fractions can be used. A convenient method is centrifugation, first at
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particularly, liv rogenitors,. 4 July 2004 The preferred tissues of
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after the heartbe ceased. oner the tissue is harvested after the
donor's heartbeat ceased the better, however. Hence, still nore preferred,
are tissues har\BestecSmmdﬂmfﬂiadwenﬁ&n 30, or 15 mnutes after the donor's
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provi des a signi 'gg:}%- [n:khe fie of acquisition o onor
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hear t cells substantially enriched in diploid cells. Preferably, the donor is not a fetus and is

selected from a neonate, an infant, a child, a juvenile, or an adult. The diploid cells
obtained from the present method include progenitors.

In a particular embodiment of the invenfion, 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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and processing the tissue to provide diploid cells and/or hepatic progenitor cells. Such
cells are useful for example in repopulating damaged liver parenchyma or reconstituting
liver in a host in need thereof. While any animal donor is equalty suitable, the preferred
donor is a human. Animals such as pigs and primétes are equally suitable.

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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need thereof. Conditions and target genes can comprise the LDL receptor gene in familial
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.
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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, hematopoietic, 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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_primary sites in I nte I 0S reas anc

skin, brain, | ungm%‘!r?'hl 2&1 %ust%‘érsg% tﬁ%‘ﬁér%g‘ﬁ’éqﬁz@gép%ﬁ%ég of farge’
dysfunction thatmdi ﬁﬁ@, theeealle haye exfensive sroveth otbstial | naraning dhat deseer | delle pre
di sease or dysf unetiedfor &s&ﬁﬁﬂuaézedhvw tiskuedfla pateai. Fﬂi’ﬁﬂ[}l; tlie@rdgb«ﬁtoi’@lia@@thﬁﬁ}ﬂdll al

conpart ment  of h%ﬁ%gx:,u? n{a}lc%ﬁl{ﬁﬁ e(f'@l'f' {ﬁﬁuﬁoglcal @ ect?o ov1&;1{1%lgver haq IR

ful m nant hepatic ure, Vi ra uce ease | Ser
di sease, and hep&? WW%‘TPBWEWW%%%l sPesdetdhi t h sepsi s or liver trauma. A

bi oreactor may be provAlsedisdired hereincireilies pfdgpnitvrothatgiathat exvgtns alclcic acid.
conprising (a) k&gl e%g&im@; RARRR 1Ad Sarf ERAINUIRR thdr¥ §hiypdph&ds or REOGE NN cahNel T

mat uri ng or dlffgreng

Itf’lie expression of one or more polypeptides of interest.

There is further disclosed a method of alleviating the negative effects of
one or more human disorders or dysfunctions by administering to an individual
suffering from such negative effects an effective amount of isolated human
diploid liver cells and/or progenitors. The progenitors can be administered
parenterally via a vascular vessel, or administered directly into the liver. The
direct administration can be effected surgically via portal vein, mesenteric vein,



descendants, or conbi nations thereof, (b) extracellular matrix, and(c

nedia ; (ii) one or nore corrpartrrents hol di ng sai d bi ol ogi dAPUIH#0R |aI or
the conponents conprising said biological material ; and (iii) one or nore
connecting ports. The biological material of the bioreactor can optionally
al so include : (dypaisrisnag, opeevhirativasthereel. Adtematinedy, theokieer progemiskesmnies,

or (e) plasma, sedministdrydipte,an@ttoplit SickuTie i@vilwgdudbhe kg@ésmom The bi or eact or

be adapted f "
state, and can saét 21 rif PRoasaug: Bt AARRAGE ol Bl i) A en thRCH BP0

one week or |ond®¥f MEHEN f“i‘c&ﬁlFl yPeHaF?éhCBWF‘Qaé‘FRS‘FW@éFﬁmbé‘f’WéFé?ﬁgéltﬁs Céfhoé@e as
an artificial |iibrgsis, fhepatips,odentd livein ddilued, Uetirordy; liverx ifgifake) gorC abosit Wlor€Sof Of

nmet abol i ¢ studie nme
Paso. or ofher t )S;netdbﬂﬁs!lﬁ'ﬁjép%cé&%a? $r hd Qt\égllaéfbrﬂﬂ Ctaﬂc.eér Atk }ﬁlvérxzo@tl bgétp%ﬁﬁéfo

thE 3}? st GoNpo: gﬂ
liver progenitor § ﬁca&""élﬁ’ég‘é@n it SEWWF%%&‘ 5 S‘r ?f"’ﬁﬁagtat&?ott’-'&Prrl‘é’éildfl?%m
human |iver may seriynddicm eny, nubher eépmmwsMnsal’aﬂmgmyesw [prosiated bast,rkidrey,
phar maceut i cal | y pasgeptskbl BraﬁlallﬁlE%f a%mﬂhitiéﬁ@ﬁer&eﬁ'dme%eﬁﬁmd&ba%& %f ﬁ£19t1<ﬁ=1

subj ect in need nvent i

liver progenitors ngatt B ntb%%e%&ggv%th Ens metRo% a?sg mcﬁgg?ﬁaglﬁgé}%l 23 cgldg.{}%xa: 10 ?Sﬁocﬁ

| east one of one Ydh Fdmpaipegof iny tb%@ég@@nﬁrt@b pempapi gl red henatiq Hssuesragd gareconsist
substantial |y fr e€clabnittiverrdisesse] fulinindvid hepapa filugeyligdl linncddIpkepdiedsd, mé@bolic

progeni tors can el fahb ot o Rl SRLRWELLRR g faages | el ud ng

hepatic, hematopoietic July 2004
t hensel ves, their pr og‘é SPreaE)‘Pr ﬁ‘ﬁ‘?’é’e HWF%“’F’GP%“S?S (t)W@I?ﬂ“@b@ﬁﬁeF@Fermﬁ@}%of

express at | east(aosuatal progeniors fromriuinge tiver, tieir kegenyClhtid maGiIad or GB3RBntidEPO0,
or CD117, CDA45, dgslc)!&ﬁﬁgqr'c&nﬁnatﬁ)ﬂgt}ﬁﬁébf)% %ﬂc@]hﬁﬁ-ﬁhﬁﬁf aR(c) media ?LR one or

al pha- fet oprotein-like i nog &Stl Vi ﬁ%) “ﬁL nor eac , or
both. A cell cul ﬂ?rreecoéxi’pa gl g &9t piolasichinatera ;S’F 8\%0&1@80%5561%%‘&%9& Sﬁ@ ude
i sol ated pr ogenibicdpgical m@iﬁmﬂium{Ili)lomew marh epmmegding gentsy The Yielogicatwtateriaing ther

di fferentiated descepdadis oPudaauy: Qe iisbAlde ONG) hBREREY, -grotif @bl GUdt{RalmRY

addi tional ly incl ﬁbg)?n%ﬁttsrﬁ ﬁg)# grserr&?ntfl X rgg%r?t?shegﬁeg&grﬁ% nmore col | agen,

one or nore adhes E_r otei anm ni Bt her
conponents such as prdbedrsihs Cil'sG%Wd%edh’@ﬁeﬁﬂ%tﬁmgﬁlsﬁlétlé'ag@ﬂ@fégnyicalﬁhly
or an indivi dualfurtitral xateoamdane BistaidHvdri plo@AHIEPO RE Al petite kngRg Fohagvantis: of

t i cH O A e bi o / iver
bi olegr adabl 6 motor] %ﬂ? o SeEED ?’?OB *“%5“9’5‘ par ) UL} e R ) e,

the factors fromYrEe ?f%lfa@f”&%’ég’“ Og“é‘ ftPELlESe PY E‘Ffé\’oq?éﬁd}eé’é‘é"lu‘l?’llfes%?ﬂ
cul ture nay addi trivelvaglthe ichuhudeyiodsahe PG or chedtypesod drugmistabolisnt.s |

hor mones and/ or growt haf @ﬁ%@diu%n M iboluteR " Mtk M prébeltioR! ngh%ﬁélpeisﬂoh”eﬂncﬁ&?ﬁl as
serum plasnma or }O%r;l%l bAd % Ea”éﬁv t he CUH%I' ﬁq‘ge la cou ntaln. one
or more compart RSATLOT PR SPR L pARAVE Y BgPRY i SHIPETSINE Py B BIOSF Hur e
di sh, flask, rol Péhapmagentcaly acceptable camier or diluent and is administered to a subject in need of
treatment. The composition of this invention includes fiver progenitors that exhibit one or more

markers associated with at least one of one or more cell ineages found in human liver and are
substantially free of mature cells. More particularly, isolated liver progenitors can be derived from
one or more liver cell lineages including hepatic, hematopoietic, or mesenchymal cell lineages and
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transwel|l or other such container. The cultures or bioreactors of this

i nvention could be used to produce various nedically i rrpor?% Ayly 2004

cell-secreted factors including but not limted to enzynmes, hornones,

cyt oki nes, antigens, antibodies, clotting factors, anti-sense RNA,

regul atory pr ot eithemselvesj thoiz prassny, fon sioonmpinest ©imss ofathel ptdgenitorskiberedfhaspised atur es

?;< e |S:L“ Eabl $/| }o S4B Unk¥ o@-zﬂo?féiaﬁﬁgéﬂl&maﬂ%@t(:?)l? (e ] @338F@@90[0r\fb]b1|17 Epas.or
act or ropoj e nt i [ onin

hor none, i nsul i n%fer,Is i gﬁdls "}d ?ﬁoﬁﬁ)aplguoct Iél?r%ersaogo ﬁ“po%?%?tgfnﬁlcl(ﬁ unjre glcrtlé,’c%’pt or

and its antagoni §lb§nm’51&h§ém@15@<dé%m1§’nﬁlt@§b i mrune response nodifiers,

par at hyroi d hornone, tAeel ailefd @iasprogeribmal pdycbe fhetided \ﬂﬁchg:aﬁ’niﬁ:)udeﬁb‘afa\;{ﬂ

growth factors, pmg%g%?o%pﬁ%nq%re theﬁ%o%%hﬁﬁsfr %Lﬁ?l%%lff@f?ﬁt& ed dBS(: de%ia_,)

i nterl eukins(l L)
granul ocyte, mmacPbitRYRAcR @Fﬁ‘?o% @ﬁﬁ%‘f‘i“ﬁﬁ ’fl%Vci’QS‘?“"n? @VP@S‘?% e’“m""“‘ﬂ‘” matrix
macr ophage- col onyomsgrising st ongofeaotiqen,(dik GSiapre afihdsionpradis @anonmhﬁlirmmts)
(FGF), platelet-dg btﬁ@&ogm%ﬁ sfa&%%otéda%)s 53@9 @@9&,51@& sﬁﬁéétis}e Bfcans)

insulin-like growth a t|n
| gand WPL- t br oboBdvEH Rt oS ACTIYH el
a phar maceut i cal cepqueRis t inetix meiyelies thay covbedwdthetks anti/or biodrpeddable frateritls aei ng

and preventing asliérdghered) S@a%e wit6nd 0N RS bf W MBYrs EOMPESE Qa@ &Jsgééc&ﬂ ve
amount of Cadavere;'ct?ac!fﬂu\far m nce? eﬁw ﬁ cﬁﬁlr%%agg&ic%ltéongpy g]ﬁrrfag %sa]fmedéa} %'\H{ %té L e

The liver diseases 0
of toxic, 11 19 9&@1@@@@?@@%@@ cgrovgb destary withyet/ wighoping é@!qgwel BHd ghek a5 of
degener ati ve nat udsrem plasthd welynghhTAdaitionalig,utht icllguré mediat dbv@ldusBtatd ofl bigmory

subst ances i nj uri, r&&n&l{@ hélﬁsetfl?mgro f.arapl 1%@1‘?9&1 R HRnCARE bl BSand

di seases are infla Ive vira atitrs, toxic liver cell
damage, fibrosi s "gFs™eHar ptherapch CPANEDSi s of the I iver, Iiver congesti on,
l'i ver dystrophy, fatt JThe ddiyeesandtiorenstoof of thizsenveotdn ep,uldflatmsyd ltd yedyce various

di st urbances of malcﬂﬁt%b&dn@@altéaae&&l&%ksqmudnsg Bk H&t@iﬁﬁ&%&% Ry ehoBt&GleSt Or Y
function of the liyver tstur ﬂ%? tE @f%rfﬂg ZJN funtlon Otf the '
liver, disturban&889ByS AMESRY APRRLIY ﬂ P8, fefqr Fh 4\/"8?” PP pgpieins,
hyper t ensi on dueTiberyamet.ifysion Riptsiaa g the fikea Th gwiures ard witeble oraappla A therapeutic

i ntoxication by pfodi€iith 28 FYERE M, Fhcldr OXUEdcfor O, a:mspcaetmwblb@a-ﬁmﬁ%hﬁ,al Iy

these include b uEal@lEo%m”%}o&thQ%%rﬁgmet ?nsul'e’! eigs}vldeﬁs%;rtzyl ep%{)%p?nat %{) pop e! £ EI I]]YPZr

di sease, al pha-1-antitrypsin aut ol
duct openi a, bone“i?ﬁl?tProﬁn‘F ats @P@gonﬁém&uwmaé? %Wanﬁmnw |r%§r39nsat me@ﬁ%rs

Byl er di sease, CpargthgroidNajnnare, thy derdarens (1B dplia, bits @agepmghndresgraihcfactors,
pruritus, chol e%lutcwefbﬁfo%dasgo@J}lugagﬁgulmefagfol' | ﬁl“:ﬁhmlﬂ IC{?J" ?5" Sranulocyte

graft-versus-hos i ver ‘di seasge,

Dubi n- Johnson sy ﬁ%llfquﬂifsrgtgg“iﬁ?? fﬁ%‘ﬁe@gﬁ%c EBPYP B0 FBWP}F‘@&"’%‘?W %fH’é‘ﬂ%ﬂng dagien o

duct carcinoma, (@MiCIR] magpehaghodlemt gimpilaingafactor (M-CSF), fibroblast growth factor
(I'GF), 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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gal actosem a, Gl bert syndrone, glycogen storage di sease, hemangl ona,
henmochr omat osi s, hepatic encephal opat hy, hepatochol angitis, ﬁe’b‘é{t@%l aci a,
hepat onegal i a, hepat ocar ci noma, hepat obl astoma, hereditary henochr omat osi S,
jaundi ce, intrahepatic cholestasis, liver cysts, liver transplantation,
liver failure asswbalicedenstit,rendBadiftdtivs cogineusof dekonedtivy yatgk.odyulivien Samage
orni thine t ranSC?ésﬁlﬁH@’ h&%&hgﬁiel @&%YM RBAres&! ﬁjunbm%p@tthé hvd?OPx@Rdelyaarﬁdhfganea

tarda, prlmarybllar i rrh refr ctor

sar col dosi s, <cl kﬂe O%l%fﬁ&fl Algfebssace LREhPHEnEE e iR e HAFGRE e

t hr ombocyt openi adareage dairoriarnd tiedive sirthesnt the bvedilivey, copgssibu Hvesidysrophys &diye of
t hS | Ik ver, WI ﬁﬂégeﬂér&&ﬁsef aig &ﬂabfaﬁﬁtuvensmmeﬁ@?s‘ of Ghastoahiag6h Sumdtibh, be
maae nown to t t n t

di scl osure. 4. B?m?ﬁff‘ Ee?‘*f% b8 Pl B! B BRI o 8" B fhcna

Scri
illustrate the efig ﬁ Yari dighernees ol 3?@’1& P&irdne fuaﬁwafof theoliver @artelel | s
with small and | hmﬁemuml dek to Filigetrdisaiaorantive? Hailukd eoedar adeinfoiRationedyysotsinof

truncated al pha- t‘l@%ré?ﬂﬁ&{ b(ﬁhcfs% E\)mﬂoﬁla e Qélﬁéallﬁ t}ﬁ:?é 1|n§1udeﬁlnﬂ YeSroBlimited to
illustrates the nd I

I on . St viability
b hawad fetnr Mgl SampwR 5mbES hpy, 91 el B AR o o
typi cal univari ah@amls;bﬂ)gwa&mopﬁmat bcmlmdrxiowémhu'alﬂudd@h@pev@rm bilanyadtyzad by

fl uorescence act pyrt edisese,| @@érl m(FA@ﬁ)omeFl QLB ilsbisleuscshmst@& pﬁfxﬁﬁﬁﬁt of
cell's expressing

r.f.ace hor i
(& i n bt ract | STALEER, B CobeulRr s Ao o G 1M US P, dcise
percent age of ceFiyBloRenia hBVesr | difepws! érébqte%upablﬁsmbmorexpﬁ@mmg efythIOhﬁPatlc
al pha- f et opr ot ei profipephinier exdRhéf@RA| GileTauke lcarcogt) @smilial, hfPerchivfestéfolemia,

illustrate al pha Jﬂ?&&gﬁaﬁt EIélﬁbgépl‘ E%&LO%{L bﬁ%@crgge nqto@,{ Ler dlsg%zcsﬁgngg i0fha ! €d

bl ood cells. Fi g res ¥ at €s ana 5| s of
fetal |iver cell temeshematnsiisi dKPatisr  crecababratyi oﬁlewowmtlm@patﬁ@awp

Figure 9 il ustr atpesnEplibhepmataCibHachupatoblastiana, AbRdiposhdnocBrometobis, jadsdigeyr es

10a, 10b, 10c a”?htr%ﬂ&aﬁé l:ﬁb‘i’ésfaﬁ% eh\feklé 4§ %R&“ﬁﬁlsﬂi‘aﬁtﬁﬁcﬁpéf Riiurb YRR ate GRAL | C

Erelolggmstelore Cf :ldl Eya(ah%ucrggf:% gﬁxedlcgyo(g}ob}i‘ %maa rt%rmthme Mnscmjﬁlm;lgs% %efr iciency, peliosis

hepatis, porphyria cutanea tarda, pnma.ry biliary cirrhosis, refractory ascites, Rotor
syndrome, sarcoidosis, sclerosing cholangitis, steatosis, Summerskill syndrome,
thrombocytopenia, tyrosinanemia, variceal bleeding, venocclusive disease of the liver,
Wilson disease and combinations thereof.

Other objects will be made known to the skilled artisan in view of the following

detailed disclosure.
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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Fi gures 12a, 12b and 12c show that there are two AFP positive cells in this
field. Figures 13a and 13b illustrate cells that are | abel &yJvly 2A%¢ al cei n
(A) to show all cell types. 20 5. Detailed Description of the Invention In
t he description that follows, a nunber of terns are used extensively to
describe the inverRipges 44 randribeitluieatd tpidall Gndvafihie Histd, QiEStebdl OVer cell
understandi ng of the sp c%{i cation and clainms, the followng definitions -
are provided. Wﬁ’i’é‘%%?“@%? by, fhoreseeacs aetivedt ellsertipgACEhy | mrune react i ons

caused by al pha 25:«~i§@wpnmmea.peme9mf tQlsOBpREGRD s dwm&&%pgg@g%

forms of MRNA sone of which are  unique to hepatic progenitor ce
sone to henpopotBes.CRf5xgd MAlycephosialy GA)n wpfractionntest linge pdll swspensibnsat ure cel | s

that have as singl e fake 6Sitsdas g@ggg%y;:glfs- It L i S.
(giving rise to hepall ocytes) OI‘P%I& | ry‘comﬁnf&tpeeg&%%é%ﬁg?%%ﬁ%g?@%ﬁ&m i se
to bile ducts)alpliHetopratein endegther prtigenic snarkernot under st ood on a nol ecul ar

fates of cells  havaeis P REER 16 RKHe SR EaoR buiPRid e o ity o0
Hepatic cell s:depletihopined bmbd cellsof |iver cells, which includes hepatocytes
fefers 1o all type TPt 35,85k Re B Soffaih Al Ry of K68 er crl
origin or fmtesusfensibeoreelekessidd oBCPU4, T3P dad AHPe term "stemcel I s" refers
to inmmature cells that cgﬂ%ﬁr ive rise to daughter cells with nore than one

fate. Some daught erF&8¢P ey (i e SiD38 snrighyfer ARPgesitidperlsone "comit” to
a specific fate. Tohkhal ol BbeRoCahd 08RuIE! fud: | midREbly of human
mai nt ai ni ng) capacity, whereas determ ned stem cells have questiona e
sel f- renewal kepplicpregeniteiashs.cells can regenerate during a regener ative

liferati i . ! | _ ati
Deont ooyt antt by iay e Ao Saf PRI e LAGG: 8l LS b7 B on

subpopul at Fonsef Affepatic stemcells", "commtted hepatocytic progenitors",

and "comm tted bilimgr l i aathe Last two Lng.... ture l.l's
that are descendant@g%?spkzﬁ’gﬁﬁé‘gi$005hg‘f’@rﬁt SRR @ﬁ’ag(%htg{??g@s Igitl?ftf;% ld; at e,
ei t her hepat ocyt es Rigurdsi 13acangt 18k illustratd uélisnthit deolabeled WithepRbinq(A tte Bhaehlls: A
subpopul ati on 05:;1 hepatic progenitors. Liver progenitors: A cell population -
fromliver, int G g hepatic progenitors, henopoietic progenitors and
mesenchymal progenitors. Oval cell: a small cell (<15 mcrons) wth oval
shaped nucl| ei é)rol i ferating in, .

_ 20 . Detailed Description of the Invention

In the description that follows, 2 number of terms are used exfensively to describe

the invention. In order to provide a clear and consistent understanding of the
specification and claims, the following definitions are provided. |
Alpha-fetoprotein-like immunoreactivity: Aﬁy immune reactions caused by alpha-
25  fetoprotein. Alpha-fetoprotein derives from variant forms of mRNA some of which are

unique to hepatic progenitor cells 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 commitied 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 When the fates of cells

‘have narrowed from that of a predecessor.
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ani mal s exposed to oncogenic insults. These cells are thoughsg to asri ve
fromliver 20 progenitors and are partially or conpletely 19 W P8P4ed. The
“"l'iver" is a large organ ' located in the nost forward part of the abdonen,
resting against the nuscular partition between the abdom nal and chest
cavities. The |iverHegafic @81%e istpop@tidnl 6f1i%3LeRE" WAL Bn YRS _hkgﬁodfaa%@“t
functions, such as detoxifying polsons and drugs, netabolizing fdts,
storing car boh?‘é‘ﬁ%"é&%‘ manuf acturing bile, plasna .25 proteins and ot her
subst ances, and assiigid N [ﬁch- ke Y [ i t '
difficult to det ectsn' lﬁiﬂtclggsfx ﬁé}g JI: né%'stﬁ %ﬁ%n@%’éﬁ‘%se?éefmgé‘?:g@@%@é% P?%a%tn
over abundance ifnorhalliver, régerdless ofdheir erigin oifater can partially regenerate
itself. The.signs i el adi -V ke t he.,.degree. and | ocat j,on of
damage. Var|5 ous bl ggot tce]gt: égggeg%ﬁ%g%%gge&?ﬁ%% F%%o&e St%ém@%%enﬁeﬁ%hﬁpfaﬁe
nature of |i vegivelasmpelaug@ferels tvith motgthambie fasct Sume daighieeckil areidantical @ s

to those factops required tqQ regul ate develo ntal events or required to
regul ate expr eSEPaT q’ndégﬁgscoéﬁ’fg%dﬁoﬁgspﬁﬁﬁ‘é&t%e otpplegt StﬁP&F‘iﬁ hage Fﬁg'fe“?:‘é’t
partici pate i n(stithitghing aspacity]nwhireat iQamined sRar diIRahi@n gidstiokBie kapment

and includes, but is not limted to hepatocyte grow h factor (HGH),
i nsulin- .| i ke gPWRhCAPaCYt Hpm cellydn Fagcparat dinng pregeneratixe prplifosstive grastsh

factor (EGR, type ge Bifttok? Thseidhy RBGHe o hE hi 8 | FREt o
(TGF- al pha-and T@-bé{ﬁg‘?Phﬁerse grO\Et hhy tgée(?ﬂGll)?&%E{%?glrlggflgg}?%@om

factor (FGF), pepa¥iepeaseritor nsindgrihige subpophietionspptiepatios semorrllsyr Cwotomittesc t or

(SGF), granul c 3C 1) skl @t fs r(

vascul ar endofﬁée@ t?ag gi’%\%ﬁgﬁg’% aé%@ %{)}é}dﬁ%ﬂ %%irﬂgsﬁfgt%%% ﬁﬁ%%daﬁlgglrasotv\% %’r@

rel easi ng 5 f ammature@efPhatbard desendants of éhedppatit stemgel and tanbiver ssisgle fiatas

I nterl eukins (L. | L~ [l- [ L3, |L- lL-5, IL-6, IL-7, IL-8, ]L-10,

50, et et bEmteu i PRk b e o |

fol l'i cl e-stsnul ati rigepate st eclise Asabpopglatierodftiepat(chidlenitdé8hi bi n, stem cel |

proliferation factqr, (SCPF).and active fra nts, sybunjts, derivatives and

conbi nati ons of tﬁe%% P P‘ﬁsAa?’FﬁlIn PH%ﬁ‘?gg?%i’ge‘k 1 hgaEc pregenitors, '

Cenerally, as m@oﬁﬁepfogﬁi@ﬁmd&meﬁwgwgami@gtor refers to a secreted
te

protein which is selec fromthe group consisting of a cytokine,

- R " a -
| ynphoki ne, an int é?Y”él&'P]&n_,a smallggel 1_§t“illﬁ‘i9p§t‘1v’|%°? cheged mgicjeh prajifrating in
chenot acti ¢ fagfiQhls exPoseBith nbBERRLARLIS, PO cellP acORGHEIR L Wril @GR 1ivér

thronmbolytic protein, a conplenent protein, an enzyme, an inmunoglobulin,
and an ant Ryenprograitgpeng sieartially prgomplastiy transdenmed. with cel | fates of

| ynphocytes (B and e o] b TOBREL SW‘E ||
gr anul ocyt es. I\/Eser%%nehsv%l?:lgeﬁ%ﬁ%hr%esencﬁpy%gﬁﬁ%%rql va c?@%g °§m“%°ﬁ£"éﬁ8ﬂ"“=
fates of endot keefinigagainsttthembicglar partiboraetwednl the alslantnal ambchestrodvitive Thb timer

(the Tast two ﬁct':%wnfiglnﬂ)rllﬁe taHE plel'fxgrgs g‘pelryIOHni(tjn%rortant functions, such as detoxifying
poisons and drugs, metabolizing fats, storing carbohydrates, manufacturing bile, plasma

25 proteins and other substances, and assisting in blood-clottiﬁg. 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 degree and location of damage. Various blood tests are necessary to discover the
extent and the pature of liver damage. | t

30 The term "growth factor" as used herein refers to those factors rei;uired to regulate
developmental events or required to regulate expression of genes cncoding other secreted
proteins that can participate in infercellular communication and coordination of
development and includés, but is not limited to hepatocyte growth factor (HGF), insulin-
like growth factor-T and I IGF-I and II), epidermal growth factor (EGE), type a and type
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di sease conditions). Cell Therapy: As used herein, the tern}"g | 1 ({)‘gerapy"
refers to the in vivo or ex 20 vivo transfer of defined celd '3589 tions
used as an autol ogous or allogenic material and transplanted to, or in the
vicinity of, specific target cells of a patient. Cells can be transpl anted
I n any suitable |8 c e t of
systens incl uch tﬁgglﬁ%nr’?"é] ﬁ’hl faatcés% ('Eci:g@%%h%%%fg@r% X%%% osv%gg% rcI es
and .so on. Gerﬁbrd[ﬂat groyith fetar(BGF), piagilet;detiveel grewth ihgen&'n@@r aryomd gdoeutts t o

the in vivo or i vo transfer of def.ined netic cific
target cells 3 o (Szcgq)t §Fﬁ"u\t° h SBHTOR 3ﬂ*eer g%lfmy t‘t‘t‘gﬁé %effr‘lﬁo't ﬁéﬁ(ﬁﬁt ype
and, in nost s;lagdu&tldﬁa@thelal toedwth JFatttie (VIRGRY tptplectf and Bweh harisle ©Rhdifg f Or
the ultinate gtose ofégéeventkl alter gzma parti cul ar. di sease state
As this defi nitegeh{ vaTRYs ‘?{%&DP)'}IF ﬁ&’“ﬁ*‘ aresych ag ingrleyidasdl) Bebdbeut i ¢
genetic procedy 8smagendssiosed -1 qrel wet ey, F%E@Vé%rm& Hﬁﬁ}enuﬂionai*a&t‘éf an
overt or covert 30 pat’hol ogi cal _condition. In nost situations, the ultinate

t her apeut i ¢ gdBPFbforglolisle-favuiginepherssgn relsasiog Wtaptm’h@b@?t@néﬁﬂyipédbf '
specific tar g%} olfEibdioP P} BT -anfitive Fa ?‘%Eﬁtﬁ sﬁﬂuf?ﬂsfée?ﬁlﬁ’tiuek ahd tions

"commpn determ nant” as used hérein refe t'o ce surface no ecu es
recogni zed by oftheseproteins ameng buay etbers knpwrndhourt. ofencolly, Bhsed hereinaffeedhé i ¢

f [ 1 f I

Lo o o b 15808 Pl VA B FRL DY P oo
activation, pagiokinena I;rmpﬂoltxheranuntataum af cblbmy—ﬂmmﬂaungefdcmr Bl lornhpne, a
chronmosone nu_r&ger Wi T hi a cell loid: two sets,of c rom)sglme @er t

Di
cel | . 5 TetrafPgpegctc, t Lo fd 2B E‘?W@Wgoﬁﬁ@r’p%rmi@hm

sets of chr Omﬁﬁﬁsa&ﬁﬁplﬁﬂénkprotdﬁmaﬁﬁﬂl@t@ aﬂmﬁmxbgﬁﬁuﬁmmta&ngén chronosones
per cell. The cells_of the ngrnal fetal or neonatal |iver are dl&;i)l oi.d. By

the young. adult stsgepoiesig Yieldins t’lg‘:’% C?H&t"&]‘é’egff’“ﬁ ﬁf dymphoryes, &8 \A8H ol
cells. In fsodwtﬁetstrhﬁgréﬂh\é@’s ﬁeﬁﬁmgtand%&n%%/ pol ypl oid and only about 10%

diploid cells.” I'n humans, the |iver of oung? adul ts is conmposed of 50%
di pl oi d and 50% po Mqﬁmﬂcaesesehﬁeidmmmehymaﬂ riviatepstvith) del} dates oftendathelia, fat
progenitor cel %I Gy ﬂ:ﬂﬂy med
by this |nventcll3]?)snfstrr used ?‘reet‘%?‘ff']e tergsﬁrtu?%g aven%ﬁll(l:&t%?fsé'gue Eﬂdﬁk :

not include tldwmwmbmmﬂaad fet uses obt ai ned by neans such as premature 15

term nation of pr e bl r{aﬁy As 4R LS/ | ecf@ﬁ:?déjcﬁlethcrf'z rgﬁcrsdtglthc ?ﬂr$90 BY ox

natural or assi ste are consi as neona I nfan Put* Fot as
f et uses. AwcomviNaigingfet hidefigped cell populations used as an autologous or allogemc material and
ttansplanted 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 therap;f” refers to the in vivo or ex
25  vivo transfer of defined genetic material to specific target cells for a patieut in need
thereof, thereby altering the genotype and, in most situations, altering the phenotype of
those target cells for the ultimate purpose of preventing or altering a particular disease
state. As this definition states, the underlying premise is that these therapeutic genetic
- procedures are designed to ultimately prevent, treat, or alter an overt or covert
30 pathological condition. In most situations, the ultimate therapeutic goal of gene thcrapy
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
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of a human starts at "0" at the tine of birth or delivery and not fromthe
time of conception. Thus a neonate dead at the tine of bi r thJuy 2PObe
considered as a cadaver and not as a fetus. Freshly obtained fetal tissues
have been used as a source of sonme 20 progenitor cells and as such they are
excl uded from | @ HF*&

ti ssue which i g%ﬁi?%g% g%&ﬁdﬁggut?ttggts)s%é 19 %{&lﬁljﬂro '? 1r':r’g(r:}:irg \ﬁ%ond%fgﬁ%gmfehe
presuned i scheedlls. effect is still suitable for the purposes of this

i nvention. Wen-th y - TPy are used in this disclosure,

t hey nmean "at Ieas?lkﬁggﬁhrgﬁggcg%\eenugﬂrbeﬁg%?%r&ﬁlri\I ess ot herw se indicated.

Fi gures 2a and. 2b Dipﬂqiézttvaxwtslatﬁhmmatqmisgcmﬂtruncat ed AFP in henopoietic
cells. CR i rrlﬁ\J oflgjl'& S'; z §r| ner_conbi.nati on of hAFPl, hAFP2,
hAFP3, and BARPA. fol; gur sef3 of SrBimgstmes percall’ Lo <. %) anes 10- 12
correspond to STO c@bthﬁmdl aigasseikﬂyfbﬁrordmwﬂesrperm or eDNA. Note, there is a

shared band, a trugﬁﬁi’ﬁd AFP |@oform g | anes 2, 5, _and 8. There is a
truncat ed AFP i sof Pty fRors Hag fXpsets o Fhremazmes peifellanes | and 4. 30 The

conpl ete AFP speci ephd &uelamevaqmmekmﬁe&naamv@r arE UGS, %Ty'th!e Yo, Ggaédaﬁ the
rel ationship between storage tine at -170C and Vlabl|lt t hawed f et al

liver cells. DHege thedivexjsraambdaye 85 dJPFRéd Eﬂé’rk’}émlméI“F@Jﬂfgelnlrﬂdﬁmsaﬁlplhvﬁylsrﬁba%ﬁjr ed
h [ f
at the timg, of gipy ;Bﬁﬁggwgd‘&dvtﬁﬂyséb%ui {1 bipiSa Odus! h@g&:ﬂ%ns hPESE o‘ﬂgBﬁ*q "‘{(@n"'fcfst

that the 1 19 Ju rreservation net not si
affect the vi ammpqssd@ﬁSWh@PbeiMSO?dmllﬂ)lmgeﬂsno signi fi cant change in

viability over a peW1tﬁgut§fﬁ¥1§1{1]§i!or]ﬂre{ %th%?ﬁ%)%&x?t%* (Ee?ls%[ A ous uerri§ %%ﬁgﬁngngb

il lustrates typical uUnrvaria hi'stogra RS
anal yzed by f| disclesdeand elabnsd bgaﬂ:moﬁnmlnbn smusbmgcxeﬁéﬁﬁ)ﬂmﬁh&“c&labcmwm on

5 was prepared,for fluore cen al ysi s_of ha-f et oprotei n ( AFP)
usi ng anti bodi g%csc%%rnu@g‘éc}’sﬂ? gfi?'&s Bin egaﬁpf“b‘?a“%lls h e

anti bodi esi1sonferfinhish o prdghgnch! WB adsilealéawﬁ&)edurzh Hubiénd efeAA0bE SlatuSal VoY €
screened for red, (AFP). and bl ue (al buni n), fl uor escence. The results show a

clear group of aSé’éF"Fi?‘ fonpiiered as B%fwﬁtebpwp@nﬁ ut mgf as febises Agpardingly dhoses

that about 80 86 @fhukfaf RABI 4t 408 RAR kidle! SNBirth Wr &@Q&y%ﬁtlﬁt ot Ghe fifhe of
represented by the same cells (i.e. co-expression of "the two proteins).

Fi gure 5 il | us¢nsemion; Hausaacorate dead at diel tgllfé&fd?ﬂélw’iﬂhée QQBSfdal@é aprf crdaver W4,
CD34,  CD38, (xS, aﬁ%t@s%’ﬁ%ﬁﬁ(fd&&rﬁd(@@ tisﬂle&' on H]Oﬂﬁehe bis¥tilce %‘?' dome

suspensi ons. Note t ata i's plotte e right axis
preserve s&dl eprogénier eelss iand s tsnelt ¢yt ire grelndeh frage thef bresdth 9f|qta1mheaf this

o ?'gzﬁ:: (L SIS A0 oL L AR o i S e
al pha-f et opr ot éierto tiFgsuard isshenia kifect dsdtill saitublefoethepudpeses of I!EEJ:AVcnﬁén
When the terms “one,” “a,” or “an” are used in this disclosure, they mean “at least
one” or “one or more,” unless otherwise indjcated.
‘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 hAFPA.
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 a shared band, a truncated AFP isoform, in lanes
2,5, and 8. There is a trtuncated AFP isoform unique to liver 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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38,45 and gl ycophorin A). Figures 7a, 7b and 7c illustiate al pha
fetoprotein expression before and after depletion of red bl ddy 28P4 s.
Figure 7a illustrates the expression of al pha-fetoprotein and 20 Figure 7b
illustrates al bumn, in suspensions of fetal liver cells with or w thout

sel ective depletion of r ' Percol | tten. Figure 7c
i ales TESAHERAL Tu e M A b
al bum n, express arfl climpe ofer. ex n 3t S. a
for cells wlpth red | | depl etjon are shown. usjng Percoll f g%diaonati n.
25 Figures 8a, 8b, ureg Fa %‘g %bngh%%"tﬁ PPLe] Jiply ‘%?%‘F%Pé?ﬁ?l fgr el
liver cell susapakics aﬁagze@ Bﬁﬁﬁ&éﬁﬁﬁde%ﬁﬁh‘te@ﬂl%ﬂﬁ@@ﬁ&@@d ThERell didBension

s

bi variate scattergram (8a) .shows_the distribufion of TriColor staining for
CD14 (or di nat e)¥a§ eprspased|forc immypefiyoieseesice  anplysis ( ab alphadefpproiginy {AFRE using

created to sel gribodReEhdihgated 8 the TLMRI OFS 2AE R LIBUREh dsthel ABbodideAniaRHd1a38
signals. These were then used to display the intensity of AFP staining in

30 each of theéhe Hub@rodpMOADi gthiey tgmsandceellg esh scrgmpd fathied ABPP}) esdiblus

show t hat a hi ; i f AEP i | ina:cells

positive for e??%@ﬁ%%@és&&%’w ﬁéﬂé\%lg cgﬁeafgjgrgﬁﬁ gg%grgg?%ﬁre?ﬁ lloe%h&{l %geg?ft ire

cel | suspensi oRugtid0,a08lPsic sholws that sbeti o of theFpagitive pofldtiond for kathy p2Giel are
AFP- itive cells. The

Figure 9 illustrates c?? %14 and 8 enrichment. fo P

proportionl8f AEESPEET PY V& STE 5°0° - ST eiShehds onosprprgg);r ed fromfetal

| i v;ar caln ' gel enh?nBerﬁdT ﬂlﬂﬁf(a'tesalhd perkant aﬁg&l@tekﬁtgsshg}]duﬁ’awﬁ%hkmmwfemzﬁ
surface | abeli or_the rkers., and CD14. . e c i nat.i on e
two nmarkers pr%} SPA & -chpingqﬂ%gngﬁagth FFe??ﬁsBsfPeWsc&%f“&hﬁti ng
cel I's than thakheipi Akt eChl¥edibn tel i axBtdqREseRe@BBe. Fi gures 10a, 10b, [ Cc
and 10d illustrate fluorescence m crosco% of human hepatic progenitor

cel I's. Represent at | Figutse paillpgicais othe nparerntage | 9fscells ol thseongindd) callj Faspension ned

for AFP conkenty,£&idy alsHadBioplof sl SindializHRd Pafidfsl MPACHSRM Rir peRft &1 €
advanced hepatic progenitors are 10 preseng. Figures 1la,1lb, 1I¢ and | Id

i |l ustrate repedisegesiive fer dphiafstoprofeit (AP)ARdepprine selbenrfags magkers (HA4g a4 s
hepat 0ol ast . ThoroelPRLediofAd L i Ve Stai ni g for surface markers (Figures
Ila and Il1c) are sHaghtegr7aafad aad Vi Bluginte niphsictepromid enprastiol dglpranand afier | y
nepat e P OSCN i FSou s 1R A U R0 PRl b
il lustrategoa GigutoTnilluphasalburgedan skipgnsians b2 Betal liver cells with or without selective
depletion of red cells using Percoll fractionation. Figure 7¢ illustrates the proportion of
cells cxpressing both alpha-fetoprotein and albumin, expressed as a percentage of AFP or
albumin positive cells. Data for cells with red cell depletion are shown using Percoll
fractionation. 7 |
25 Figures 82, 8b, 8c, 8d, 8e and 8f illustrate FACS analysis of fetal liver cell
suspeﬁsion for co-expression of CD14, CD38 and AFP. The bivariate scattérgram (8a)
shows the distribution of TriColor staining for CD14 (ordinate) versus FITC staining for
CD38 (absciAssa). Gates were created to select specific cell groupings according to the
CD14 apnd CD38 signals. These were then used to display the intensity of AFP staining in
30  each of these subgroups {figures 8b, 8¢, 8d and 8¢). 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 8¢, |
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Il lustrates inmmunofl uorescence with anti body to AFP. Figure 1ic Il lustrates
overlay (a) and (b) indicating the norphol ogy of AFP posi t 19494 i n a
group of liver cells AFP-positive cells are found to have a simlar cell

si ze and nor phol ogy whether 20 isolated fromfetal or adult livers.
Figures 132 and 130kl ushRakAS OPhd Sad RESssAfichaAbie! B AteD.EAL GeID (3L 1O
show all cell types. Figure 13 (b) consist of the sane c S CO- expressi ng
AFP and showi ngfopaitien 06@%?‘11%‘(%@# ssinggell Epensions prepated £0e] fetdilber ican bot a

factor for AFP el | d¥dnha¥s [ kel f Ve enerage is,w dely
acknow edged, %[ﬁgﬁtegid}s( us ﬁag‘}% ?eg&hb%xg%c%@pﬁ?é%gdg UB%&} {?E‘g@ﬁﬁ’ry S ERRl |y
proliferativel §D3Ri s COAE. . Thpabmbinktion ofithe tbenatlekd prodyceet . signifidaudy betwlien

hepat ocyte regeneration,i.s inpaired mal | bile .ducts,proljferate - and

i nvade i nt ogt heémﬁé'jﬂ% té’ﬁf‘hﬁ'ecﬁ% € ﬂﬁo@%‘hﬁ‘h‘%’%‘.‘wl“f’r&#ﬁﬁtﬁgﬁﬂﬂgﬂ Bgperi ment al
ani mal s these duct diged 18a, 0B, 10¢ @nd ciddt Bludfate AiabrescehdeS mickédopyh 8F human
association with defective _regeneration has led to the belief that they
are transf or netFPRYCRIPEMPSYSni tor cell's. These 30 cells are of great

bi ol ogi cal i ntRéR&entaiVRARPIRGI6gRRET TR FOMIEEIRMIVS st FRERAS Léntent. Cell
progenitors can be used as alternative to liver transplants and they can

al so be usef ul sizej dpdicate shat bothyeasly pregsniters 4ndr mptgcadvanded hepasiq RrPgdnifpLsr are
errors of. [@taﬁ%ehgm Wiile the ability of progenitors to differentiate

i nto hepatocytes has been denonstrated 18 19 July 2004 unequivocally the
demand for said celHigureraldandb, histant Héd dstiratewpsegpitive deibs stlectedhey ppuessipy  of
donor liver ti ol.at.i Liver .or | fr adaver human
liver, as di sc‘ﬁi@% E@? &g ?18,"%lﬁls%Sﬁ%‘}\?eS%%lﬁ%?%@%giﬁgcfng[ﬁ&t %etcﬁ%ta%?rté%giqfi ng
opi ni on i n t hehepatbblaftat The aclls withegative statning fot yurfhoe mafketsqFlgarbdm and Th

I sol ati on of hurranﬂpe%?%i ¢ RO enitors fr cadﬁ\t/)er onors as descri bed
herein was obt3Ff TEY T AMGRIRSEHAR P& MORoBRolae B F Rl epic BrossRiUte et hods,
markers apd par andigirss 18 thldugih @2Pse e e daméaidis] sHoR0thitGhert e fid AFPL T Me
from cadavers to,,'acﬁgf' eve t_ht_e &mi gue cell populatign of this invention, to
Al pha- f et opr ot BSHivg ralsyin s fiel -bgigqf"c&z’dﬂ}’ @ gnfncal phase imagec dfigwadrBd to
be especi al | yillh@tated HnfiuiBideRistento wilhARASdAy th IAFPATESure THEHLABYA Re|ly (e

foundation of the strate to identify thé hepatic subpopul ati ons from

ot her cell typtd (PhndipatingitReaporploey efrAFP pasitive eells inaigthup of liver pells
i dentification of atdGive & - f el L1, '
di agnostic of the hepa (?sc pr %%%‘rf??@%“d?!ép% Jaﬁ'.ng?{t .:Sil]ir% ajﬁ)lﬁrl ﬂ cgég?o‘k%bﬂg/ﬂf | ow
cytonetry. 205 isplpthd frbmtfetpl astadulplives=P, has been adopted also to estimate the

prity of hepatic iaLRaehl.t Qa8 Rla@Nerks Bl o 1dAAP LR DAL R 35 SRS I

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 ﬁdrmally proliferatively quiescent hepatocytes iato the cell
cyéle. 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 rcfcrred 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 inferest since their normal counterparts, the hep-aﬁc
progenitors can be used as alternative to liver transplants and they can also be useful
vehicles for gene therapy for the correction of inborn errors of metabolism. While the .

ability of _progeuitors to differentiate into hepatocytes has been demonstrated
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However, in rigorous controls to prove the validity of thesi t n&gkers I n
I denti fying hepatic |ineages, PCR anal yses were done to det %HU§QB ssion
in multiple cell types that are known to be in liver tissue. PCR anal yses
are the nost sensitive assays 20 detecting even tiny amounts of expression
of particular MRNA species. The invention as disclosed herein denonstrates
that specifi cumegswe?qﬂaéh%ﬁe%fl for 4aag cglhghas mpt et ihedespmedupply etk pavaity
beropoi eti c ppPgRBl iRk §sdBani ng that when such sensitive assays are used,
additional criteria, such as the use of an exon 1 probe for AFP, nust be
used to define he]salaim ol Ger peoaspitore fiom cashver fopah dveoas dlspuosddohnyﬁnx e PCR
anal yses reveal e t r and
2 bur n e Bt e AR Rt AR} e £PRaIRE R3S Rk e

when AFP amd HiﬂﬂﬁHMLare neasured at protein |evels, no detectable AFP or
al bumin could be found jp th henD oi etic enitors erefor or
routine protein as'gtgyﬁ“d(aﬁ aiﬁr?&%é)"%g? c%qag?r O 25 Séasﬁl&bﬁdor
assays of hi gherttiaweds @tzﬁﬁﬁsmgh Qf)pm 6N\ combinationl aftm)quemmaisﬂmaﬂdaum n
remain as 30 val uabl e markers defini.ng hepatic |ine ﬁé?ls i pventi on

al so di sclosedd parageisrsgyhigh, dhe, Presrar 4 BW%?SCQJB%#. 5 BCR to

det erm ne thea&ﬁ%%‘fesdxﬁk{he@éﬁ ulbtioh of Y6 ivertidh. | SOf Or m; in hepatic versus
henopoi etic cell popul ations. Three different corrbl nations of pri rrers for

human AFP10RT- PCR a-fetemsereinnangd; albympigubafh icgrlampc Propine 35y eansidsted; ty be
hepatic-and h }élﬁﬁblégnﬁk%rs] wrxﬁeﬁaﬁmeaga@aqgéy pdR ﬁee&thetfhﬁn&ﬁeﬁ @S ieon Of

AFP i n henopol etic cel as exenpl the i nventors have

screened sevestaltegyi tnwnbfy th%bfzpﬂm:s“beﬁwlﬁtloh%ﬁwp@ﬂ@t Wl,l tmﬁ’qsgn efiyer. Bativpreet e
er truncate
Yec?\z?queuknomﬁgﬁ%%"ﬁgserﬁth%yl ng%ﬁé‘r"& fﬁ%&tm\%&kgkbdt%]lﬁh F %toﬂm%fnuge “dﬂ\l"hes

studi es. The Hm@ﬂﬁs&c tdﬁuhe ﬁlapaux:rpiomlteus cellsaaftehlﬂmnplm'ﬂéaﬁ@ py ébwntytomeny.
complete formin two L i nes nd He B deri.ved.f,ro
hepatic progeAtRBHED ge"?"nAgﬁ 1 Lﬁ%éﬁ?ne&dépé%%ﬂaté’ eo PPUity; §E be
derived from rdg&mfﬁ-h@ﬁﬁ@gﬁfdch@ﬁa&@@bthﬁcgyThe f act that exon 1 is

uni que to hepatlc rogeni f or, subpopul ati ons e abI S..on 0 use it _as
probe for identi fﬁPW@"‘aﬁelﬁa{‘S‘E"%F IshionBiR%s &1e %& g?grfb?%rtw@eﬁnf”k??p@s

This test is 'i’d%ﬁgfyﬁd?r Hep@tR{link¥ges, HUIS RGséd werd H&ﬁQ@H&t@&tb@p’t@ss% ih imdRiple cell
progenitor cells “this invention. Accordin , the inventors have

desi gned ni net)m@Rﬂ}@t PivesIoWR 10 bp d Hivergtisgen: taﬂaiyseg) Sl E0stofenpitia ASSAYSP
MRNA in |iyer dglﬁﬁ?t rElv&P F%'ﬁggtst& sm?lrof QRN RRASpHGLsC Alhe ifVeRESHRNA | N

human hepatic I'1 nes wever, all "prinmer conbinations

ot her than ondistlosedfhetdin ﬁ@m:grsttnatmﬁa snﬂ!ﬂc isefpimisfof b@ﬁmla&ﬂm mRINA P 15
‘inahu TRe £6 I’n)élt 1Q rhgrlngfvjolgc ”8 f%'o ge%gtlmslnlle%nhlg I%r’aq %thf?‘%uc?lr s%ﬁlglt%ceagsz%p Qe GELhI S

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.
Thcrcférc, for routine protein assays (immunofluorescence, Western blg;s, _ctc.) and for
assays of high level expression of mRNA (Northern blots), AFP and albumm remain 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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denonstrates that one of the truncated fornms of AFP, but no% tge
full-length one, is expressed in K562. The result suggests 9 Ady 2P%% only
useful primers for identifying hepatic cells are' those that detect the
full-1ength-AFR, the expression of which is nore provably restricted in -a
ti ssue-specific manner. Several lines and primary tissue of 20 hepatic

ver sus henopoliedages. da tgst theaaxpressioreefdBP indremppoiplietalls vasreseisplifiadria Bxedpleor ns

of the AFP. Alithaugh,a truncated, for f Al is.found in so henppoi eti c
Ui ssuos, 1t i & OO hAETRREER SOORL Rhe b beehie SR b ths PR
it. Because acdmplet aletsls anemed fohP of shdf AFPA RT-PERyBVIGHOROME st gamithe

henopoi etic cells, albunin is. also angl I n _both hepatic and..
henopoi eti c c@F‘P‘E‘J“WWB?%r idgptifying Péﬁ“ﬁ‘ﬁﬁ‘%’ﬁgrt@“ﬂé%l%}i 1p these piydigs- Jhe

anal ogous §0 #hathul ¢4 ifEE4sSRR HARAY AFPIE Predéif th b CoRPIS@ FornR IPiwY MunShelSSi On
I n hepatic versus henopeietic cell lines (see Figure 4). As for AFP, a

truncated f or hnesSHepfehand Hendbg deriveddrons hepstic Biogenior and|ip gdrungaied form in a
transcript t h%m&%ggﬂﬁ besBCIERES frolVa ﬂc%peiewﬁ)géﬂ& EAONTHL fabfihatRxbRN °0

the studies descri erein, and I'n the vast erature on henopoietic
progenitors, Bouqe trabepatie pragepitnrtsbipapulatiensserghles fonerde wse ifoas arprokeafad APP

bumin, i | ol : L i . \ d
& yopr eser vat [BREGRERopds VBREL idboRtie BRBE Fol Godk T o TRT REnGY
opti mal |y 1yi ebgtcific selgpopaittiehs bfiliesr pragemitor pelbgé thit ipventibn.om Let al or adul t

livers,.the protocol disclqgsed herein kes .use t he upper, fractiops of a
density gradi ent %?thl’“ié?(gﬁY’ e]gw?rﬁ%rs bg‘felr%flgneﬁh%mn%(\g/% Ipm\?g}réilgﬁ fdgﬁ[ot%e%cﬁgle
density gradi gRtence bt RMinidiQMP SRNAR livdl fropase. HHl the prinies cérhbinatione dgedt! et

is discarded and cells. with a_l ower ﬁu]gé?gi ggnsi%p(;‘#e 5 cells .

col I ecting at AFRcmRB #r byman fepae ¢sil) epOl A endBy  FosEveTo 2Ll R He

studies. The cimMBRIAS Sther ARV Enel BHAN- LA hAPRBBNA @S thd patiodbithoiatlp and
cells nore robust to ryopreservation are present at the top of or within

the Percollf dewdiA yingp Jejman; eryiipeleekemia cell phigeh 520 gi A% PRalicied @prYre dthifer ei n
are uni que an kil I dfufer JehME oneClsl S- '
Addi ti onal |y, HeforalBe el Bfe bl el ncale oy BOARD nﬁgeeﬁggldﬂgh%ga?e’_dkw th
purified extreaxuédsed &v KA62.r iThe cosnbosngeests, thahtheconly gysefileprimess Joreilentfying

i nocul ate the,cel.ls .boun n ' ' C .

Cryopr eser vat P%hﬁﬁ?lggoaé%ﬂ'c?g? Eehgt g& t&ﬁeggﬁﬁ%/“gq} ?i%g’ égrgéa ‘%%Sg‘%e‘;fg”ﬁ c%lliss Phct
fromthe netpadsblyseddted the tisumspedifit .mddhgror SeNesdl iline$ iand priavaey disietaf t he
use of different buffers and.cryopreservati.on of di pl oi d atic.cell
bopul at | o0t hIPAEE R mE S Sored St sofel Pl RifaRa g 5%,
density and thwp, RuR@Nta irihcoteddo@n bl ABRLIS fbukddnisome HBLREEISEE tbsues, it is

cryopreservation of mature human liver cells is hi glhl y desired but has
. unknown which cell type within the tissue was expressing 1t.

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. .
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 Progeriitors
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never been achieved in the art. Cenerally, successful cryop &iﬁréﬁ%ton IS
defined as the ability to freeze the cells at liquid nitroi)e { ratures
(460 to 180C) and then to thaw them and observe viabilities of >75% and

with the abilityto attach onto dishes. Cell lines 20 of any origin, such
as sperm and ova ells fr tis an ibe frozen successfully
in an agueous buff Cor ‘?”%°Pt§‘1"ﬂlg’]dﬁlﬁi'$ﬁ§ﬁ%ﬁffé TFPECBEYS Fomigiaf proagtult

Eagl e' s nedi Ulivers) rthﬁﬁMocdl@iﬁQPoséﬂ}ﬁ[&ﬂ'ﬁﬂk@'ﬁ@é‘&fQﬁc é:%hfﬁl&&lsg&r aLHQnélityaﬁrédxent

cryopreservative npst. conmo '5%6 di nmet hyl sul f oxi and
viabilities aftd fedss hsrpellel ﬂ%bvwaflﬂn & ths| desity amhpnttopnmmmacm. 25

The speci al Cﬁiéélﬁic@%%fe}iﬁis'tﬁ’ﬂ ﬂi@ﬁehad%%ydcefan& HJ]u? \Jlﬁl‘ﬁP&%r%oya%t &eg.'aitf&

through the use of a novel novel
variation 8f t#ssollepsing ﬁh@pma@f th@mémo Aty hined elhd Bsedlforfﬁurﬂm safdies. The

extracel | ul ar; X hiss 0 e achi ev.

viability upon t tgl\llﬁﬁ P\%v-gt nmla%&ng n%g%lfcél?{arﬁé] d@o{(ﬁhe dwc%l | In}% ﬁﬁ‘g&ff’ed

prior to freewp]’rgscnrmdlc@te@ﬁyaaﬁmExpoéetwuhinﬂmdremmmeﬁsﬁggrﬁiegure

Actual. viabilitie r e condltlon the |ssue upon
STRY @ rI]l,’tle%l dglg é}%ﬁ%ﬁf&&gf% unfc&ﬁafn b

arrival and, in the prese ApRber o g
liver cells. Tmaummedmahvwmemmwnﬂw €t dulttidl E4n inluddbio gmuslbcant

l oss in wab%&g#ﬁhefrlﬁgz n I ess and in cells _that coul ttach
and expadll eX& ¢ Vi pp ‘?Aﬂg“g’l Wiiag gnatrin compepantsanticowld themabriused doy
Cytonmetry Usi i@cfate delelEiiund bt Meltedt f6f usk in/BibreRtQ@ENi tOrs as i mmature
cell populations that express alpha-fetoprotein with or w thout expression

of al bunin, markerStyapeseaelios metodqlpgies ofjthis inypriion fatecunique 29é Histinct fivsbe
cell's. A stargindgh ﬁjécﬁcﬁp}b%rp\‘mi‘ ait.t ﬂ%or@éﬁ)ﬁctﬂ;ﬂs tﬂféed gq{)lﬁfer c?ylfgﬂ:fﬁﬁ ?Qﬁé rst hat

are classical ones for henopoietic progenitors, so I den
progeai t or sudsopNPREsEHiaton Q‘Jhﬂl dlipleji hgpatic coll @ppldmshitman @muﬂer zepmlgexanbrl n

onover . aby SRR RN i HiE Rk b Wi Bha i e ch SRS o

hepat i c pr ogeni t or&xcc@dmbdy@pte&tmﬁmeofanmmgmm‘ahmeratﬂs 1saixglﬂmﬂdssua®5utthax e
about 80-90% ogv tge cells arglbhm ogeni tf?lLs and the ot grs ar

ei ther hepati By BT 8¥c§hfl MY FCGat U PR ANH i §| bI y
uses a uni que {ly owi*b@‘éhe“‘”t‘? ke L) a‘“conb‘“‘ai:{“‘%ﬂt of "
u uni qu w i y i i

AFP and al bunftfmand Pé%eg‘iﬁd’ﬁ‘b’]ﬁ?s ?{/ijs%g ?@L}@Mﬁéh“lqﬂltﬂﬁbﬁﬂfe@e%fcﬂblMl c
progeni t ob§, alibiydRHgH, MhKE Speddaddt &S ahd QUILCHbRANRES r r e

i dentified that 1% dg%ﬁl ne. the hepatic progenitor cell sﬁsﬁﬁeegﬁ?jgl%ﬁﬁ

strategi es toSugeRsefullyin py aqueens buffesr(i.e rimedingesuck 2 DMB, Rilbeesa’sbylodifigd ur es
of forward sCidEs ineahftdbr RET 8540) HFsubbiShPfled WP 16% SEREE: 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 varijation of this that includes
embedding the cells in forms of extrace]lulaf 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 viabiliﬁes 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 loés in viability by the freezing process and in cells that could attach and

expand ex vivo after thawing.
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from Hoechst dye 33342), are agranul ar by side scatter, are $§a|at2i é? for
certain henopoietic antigens (i.e. glycophorin A the red B |y 208f
antigen and Cb45) followed by or proceeded by positive narkers shared

bet ween hepati c ceH subpopul ati ons and 20 henopoietic cell subpopul ati ons
(i.e. CD14 and/or CD38.) In the experinments described herein, the inventors
i denti fy hepatGed MarsesemndHew Catametryby sorting for those cells that strongly

express al pha-feto | . ' is . known to be a specific
her nopoi etic stem %@F%{ﬁr&ukn%}r&f&gﬁgmggfﬁ@eﬁéﬂyye&\?\%%ﬁ'3’}"% F@%‘gp"fﬁ‘ﬂ%‘ﬂﬁgﬁ?‘ Al so
descri bed her ekpressi dphaHetoproieie mith drhwithoheexgpession iof albOflin, SnaRdts aleS D&% €SS

25 AFP, al bei L Un for The,,i nyent.ars , have descri bed a novel cell

popul at i on anﬁihaﬁlgélti)f‘peeg%fc%& s’lcgcg{r%ﬁcocﬁl,ls'i %éﬁ‘ﬁﬁﬁ issaveRy Is B3t maneof thempagkeret hod

of using Sﬁph(iCEelﬂ:Ipﬁ;lpuhata'r@Iﬂ:lassiﬂﬁh&m&ym%‘mdpﬁieﬁ@?rdgﬁﬂ{ﬁ,i%ﬁ’.‘i_%’ identify hepatic

I dentification, and cu]ture of tg,ﬁ artjcular cell E:gjpul ation of’ t_Re

invention is ZLBPRHPESuBRAPEIRLoRS ‘@fﬁ SUGIF U osoRts tTRD G934  resulted dn jsigmificant

affinity debubidiiicft (abicalt 95fofty fbi 46 @REGHAGS Al VIBRH L Ght alBBF 1k IARPAYI NG
cu

greater speed and 3Q accurac and nodifi'ed cryopreservation an ure

techni ques. FPBYHYeelneantevesed itobe hapatig prggenitorsr Basks\dncthelpercentageitiap ate ver
h f ‘ . ; o
e i Ty

cryopreserved |iver cells and that invol ng o

several f118r opitkss &epatis graggniters tiopigunasere to ye papics dbwmein|or possitdy hemopoidtir s
and 2) using | ' g positive sorting strategies in
22 19 July Zoguﬁ%%gﬁgg%@gﬁsg of/‘\)’/\lo)r/ o?fetri c technol ogi es. The net hods
for purification oThispevinfibe ustd aeageues flagesytbmerie oty Repsyi C hald the
popul ati ons can e usegé}f_%th ltvers from aggl age. donor,. since the markers

appear to be PYREEYLD 00T 2nf by qxppession, by debipige dratuses ofdwaatcng

the cells, angrogemiforsyattigeaicl starkem 09 othef HOW cyﬁmféﬁi&%@izﬁéteré ‘afe MeffRed thhow
cytoneter froggﬁ}%ggﬁt i gn whi ¢ch sqrts cells at 40,000 cells/second and

performs 8>co PRUDHEESRIG Foilini TOR SORIRE stsdepisrio dpte iivplve soBe Eargwmall
Di ckenson' s FAMBTARSRhRn WY HbasiRs be f&ﬁ%th%cﬁer),z ﬁﬁpéxfé%?@o@gl%i%%ﬁﬁgr%%gn&n d

perfornme 2-4 color sorts;) assist in the successfu 0
i denti fi cati offowf Boeghst dig 3342 (are gepulant by rsidel scaltere as megativee ofer ofertafBP and

Wih a clear giﬂé%“&%i?%@‘éﬁ*% 0, coRrin ACHETR bl LB dog AP Aoh Rl

background si bnar pfdeegled dyoositiak pheakére shaged betivaer beratie icell Satshoptilatihs%and0. 86%

of cells i, N EGC |l susp | O wh al bum n was present in
7.7 1. 1%"8An§%%69§&b°%%g§tsu? .R}’za“é’% #‘5" @g%ﬂnﬁ%’r 3 § expressed al bunin while
80 5.5 % of al burienheqpexpetimens described herein, the inventors identify hepatic progenitor cells

=

by sorting for those cells that strongly express alpha-fetoprotein, express CD 34, which is
known to be a specific hemopoietic stem cell marker, and optionally weakly express
albumin. Algo described herein, is the evidence that hemopoietic cells can also cxpx.‘ess

" 25 AFP, albeit a truncated form. The inventors have described a novel cell population 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 Iirogenitors from
freshly isolated cell 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) using a combination of megative and positive sorting strategics in
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15 cells al so expressed AFP. Thus, approxi mately 25% of ceI % 2@ si ng
al pha fetoprotein did not express album n and 20% of cells )@Y g

al bumin did not express al pha- fetoprotein. The proportion of cells beari ng
the principle surface markers used in this vvork are shown for conpl ete

cel |l suspensi l.e. .| d, cel l.s re GAis
gl'ycophorin AEMI;‘P ‘(érlﬁlrn ticd orgrva}rjlsg ggﬁ?‘?cgﬁoq%ql od atgﬁ"?s I?‘éé?@"fm‘fi’@? %ﬁ’tﬁ&ge of
CD Posi tive Pippagadtages Srotibubiandiepatic dell populitiond clNR6S wdh 1i¥ed frdBehnespeade
of these that _ are P05|t|v for AFP §5 CD14CD34CD38CI4SGA U f d ti "t rac

ona n 3.7 odapRyBcethemagkersapppar jo bylingagespostign specifiG. n popul ati on % AFP
posi tive8l. 72. 272. Fhedinpeced mc‘ﬂho@?%f@ab@hﬁlzth@ cells, Gn@acihhiticalt} YRRV HBwA

(GA) positive cells erythroid cel | s) r gresent a maj or 0 conponent

of the cel} nﬁ’é%m%ﬂtg‘éan’ gﬂﬂ“f Fyigmeter from Cyiomstion wén#ﬁmﬁo@qﬂmte%@pl s.
Thus, when celdispisneasd A plforfls & if &‘?&' Bhedef ﬂﬁ?%ﬁ:ﬁ'xba’% R¥g Belk gﬂase%aecm

fractlonatlon t he pro i on of | I's "expressin I'S 1 ncr
si gni fi cant | yDickenson’y AESQ%WJJS Wbsé sesigpeeds & 20§ @D%mﬁsfseqomdmd perf@nBY%

The percent 05—4'%: i:c)n' Qgﬁéj laééﬁt g ﬂe sug&s%péaﬁédn?gn@llctéﬂm' &tloﬁ ?ltﬁ 9 n%§e1 cell

population.
10 | The expression of AFP and albumin like immunoreactivity is well defined in the
_ cell suspensions, with a clear group of cells showing a clear differentiation from the
background signal (Figure 6). Alpha-fetoprotein is expressed in-6.9 + 0.86% of cells in
unﬁ'actionated cell suspensions while albumin was present in 7.7 + 1.1%. Among AFP
positive cells 75.6 & 4.9% co-expressed albumin while 80 * 5.5 % of albumen positive
15  cells also expressed AFP. Thus, approximately 25% of cells expressing alpha-fetoprotein
did not express albumin and 20% of cells expressing albumin did not express alpha-
fetoprotein.
The proportion of cells bearing the principle surface markers used in this work are
shown for complete cell suspensions (i.e. including red cells) in Table 1 (where GA is

20  glycophorin A, a surface marker on red blood cells):

Table 1: Percentage of CD Positive Populations In Original Liver Cell Suspension and
Percentage of these that are Positive for AFP |
CD14 CD34 CD33 CD45  GA
25  Unfractionated
% in population 3.7+0.8(8) 28+05 2204 26%05 36.8%5
% AFP positive  81.7+2.2 726542 '57.6 +4.6 222444 23106

Clearly, glycophorin A (GA} positive cells (i.e. erythroid celis) 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 cxpressiqg 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 5 10 increased to 80.5+8.2% and the proportion of

al bumi n-positive cells co-expressing APP increased to 89+319d4ly 28igh

nei ther change is statistically significant. The result of this procedure
on the proportion of cells bearing the surface markers are shown in Table
2, together wuic I 05| tive staining
for AFP. Table gegseggg ggr?’? gg?%ﬂnggggﬁtg?ég%opuqo%?ggﬁg SorgxpEssipg |AFP
suspensi on af %"é’fea{‘;érw E2+bie, thougRaditiGe chamga isdtaBet i bigificat. The seull bk €

Eogle,t |4\6§4f 8{) 8. 20 3@"/@@%&%@?. n péég aaPPeﬁll‘ lﬁ“ﬁg o dfsra&és@‘@ injTable72,1

2.953.5 7. 23@gherhyigth8 proposion of ewoh kubgAMP Showile peMBSeRGEnSfor AFB, I N t he
subgroups gselected by cell surface marker is distributed conti nuously wth
a clear preponderance of cells showing staining intensities 15 in the

posi ti ve. r angEabléeeresniagt DRSSt RS ubiioR] @7 AANushiSofl ShbrDYidfn

respect to co fﬁiﬁ SSICi) of AFP IS unique. In 8-positive cel

bi nodal di strf gsptage of @Rﬁ‘}r%éﬁ'ccﬁ?sﬁgcﬁpéﬂ’ent i n which tvvo

di stinct groups of cells arepapparengpsgne gpheyp p J ve f é AFP, the
other negative. This is illustrated in Figure 8a whi shows

scattergram Rsd celiiderleted aj ned f or expr essi on of CD14 and CD38 together with
uni vari at ns ha- f ro es n cells positive
for CD 14{Et)anel2£-/ﬁiellrilb‘%@'ﬂi{oﬁ The ﬁ—gggl ts g :%188 ﬁg (g o%%?éﬁn (AFP) is

present in 7%(2”£Fﬂﬂmnwel | |9ignt 1.8 ngi.p1eel I53$u;s'pgn§2 ons Pfidepal |iver
tissue (i.e. in the original cell suspension). The antibody to glycophorin

A (an antlgen on red blood cells, erythrocytes) is found to identify a

subpopul at i ornGhose 8hdes, thd'pleseibdl o expre si.ng
this 25 antigen O(SI : ery h?m docgliqp%mg%gﬁ%‘égﬁ Sgigggﬁbgrﬁgées E Ad2d for

char act eri zatH$Hb ‘E?d consigRausly YiFoy élﬁﬁl'tlmrsmdéfhwc @Salsaahbwggrstalﬁﬁgl Tuiténsftiés a

opul ati of I cement in the o ortion
O AR pom ¢ i Beries e oS Mt oFCRATSETRE cal it bt forror

unf ract i onat ¥PEsHgH @fsAFlBtsfumtant ilrg€B§8-bea1¢veaccl]u abhtiodaDdistrib O 1B AFP co- ,

dependi ng on 0 the ctlons of the nol ecul e, encoded by
splicing 30 %%5%{ § £p}5’rgr§éten lﬂlﬁ (ﬁﬁ et EPRPSQfafalls e 2pRAERNL QRENSIORY t he
various i sof @pmvc TdreAEP ahes |ochefraegaﬂm; f Qhishie TReRRHif HHRERR WiRkL SRlWsSa

CD34, is preg rrg g ﬁ‘ctell t hat al so express AFP. The sorting of cells
positive for PRI s f E¥pression of FngdsPi8 tpgethern With anivhinist 9

fol d overzot haistdgmmloﬂ allphiatfetoprotedti dxplesiéd in cSHSRARSE 87 d1$4%hd/or CD 38.

The results show that alpha-fetoprotein (AFP) is present in 7% of the cells in
single cell suspensions of fetal liver tissue (i.e. in the original cell suspension). The
antibody to glycophorin A (an antigen on red blobd cells, erythrocytes) fs found to
identify a subpopulation of cells that did not express AFP. Thus, cells 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.c., greater than 7 times
the proportion in unfractionated samples. Both antigens have a ﬁumbe;t_ of isoforms,
depending on whether or not there are sections of the moleculé, encoded by splicing

30  variants, present. Antibodies are available that identify the various isoforms.

The classic marker for hemopoietic progenitor cells, CD34, is present on many
cells that also express AFP. The sorting of cells 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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24 19 July 2004 in the CD34-positive cells vs 7%in the ori%;nﬂl @ﬁ%
suspension). However, the not- effective single antibody fo Y P nt of

APP positive cells is CD14, which produces a greater than 11 fold increase
in the proportion of these cells conpared to the original population (81%

versus 7% . 5.AgcC | Ngl t | : |t |1's, s Lproved. by
usi ng a conbi %&FW%&S?&F glgseysn?? (é]é(r%{é? é%]ﬁrllfg,%é}tl ﬁ{é%grf(s Oglﬁ't %?ﬁcgg%(cp?lggsi on
of APP with seffetivesingleatribody farrarictmiensolf AR positive lcelissis iICD 1d ewhichproddces @

establish the extent t jch the selection t i nt.yacel | ul.ar rker .is
hor eased. | Theatst hand gk 36 PirbomPn ob Frest, Rl oRmaieadp 4% pEnALL | <
expressing supbpigionggieiesist7ned the " Mel d" of AFP-positive cells) and to

as the proportion of all APP posjitive cel]s that  appe i n.the popul ation
defi ned bySt he su#?%@ﬂ%l&r‘k%iﬂelsdt%fr PHiYe el s ERAONEL DY WiRg corpbinatfen

posi tive cell g} erfReSmhiksrsl Thus, HRERIAAST O SprefsidalE AFPGHaH sehi2 tbd CoRBinatiéhsS hOWN
in Table 3 together with the results fromindividual markers for

conpari son. t 8f Fatfice markems i detsEnined Yo eptablisithe exiony topydichithe scisgiEenctes
Cbh34 80.6 2. A . f : ) ; -
2. 750.6 2. 752 gcdufy Gk inRtnct Th oS o clorbedl ab 0 BRpubn A,
both) of the positiworllsaxiesiog strface anaskers (termeg dled Tyiald” olopFAPpsitivg eelig) and

Percent of all AFP-posj.tiy .hat he

cur f ace i ket Segprnagy FuORHE Rl ol 90 SRAERSEE sORRuith RN E) s
conbi nati on ofudaes keskeri (ternid) tiree “@ritheent’d faohvo |Ifog WEBT positive seld)ai Résulys for
positive for AFP is. variahl en sse t he tire range cel.l size.
and shape in tpBbiggiqns §B?§é§s&§ﬂ4 ‘ﬁ%ﬁﬁ?@?‘&lsg?wg}g&q%éfoﬁg{er g’b‘ﬁﬁ{wr 'fl%er..
The | argest offotdiRdiNdRaliRsakdrs 68 céfpdron. appr oxi mately 12-15 micron, is nuch
smal l er 30 than mature hepatocytes, ranging in size from 20-50 m cron).

This is illustrated in Figure 10, which shows several AFP-positive cells -
sel ected fQr thg.qxpression of specific antibodies. 25 19 July 2004

Ch14 .CD34 CD38 (D14 £CD38 CD14+CD34
Enrichment 80.6%£2.6 66.7+4.7 53.8+4.5 669+35 68.2%39
Yield 39.8+2.6 269+44 220127 506%27 522455

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

also positive for AFP.

Yield. Percent of all AFP-positive 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.



In all cases a certain proportion of AFP positive cells show no expression
of any surface antibodies used in this study. The appearance of these
APP-positive "null" cells is illustrated in Figures 1l a ant® July 20Qshere
they are conpared with the appearance of CD14 positivel/ AFP positive cells
(Figures 1 Ib and 11d) sorted fromthe sanme suspension. 5 The Figures 1 la
and 11b are di ff erknl abesiandeetnihqrepetonci AFMSdsitive celsshomynoaRresfion bf sy €S

.1 Ic and 11d arg AFP.i nofl.ugrescence. |t is clear that while both Cell
types are  poSirtactaaftsrienpisd in flis Hudy o e appriicge SEies 4P pemts ol gell
antigens are pomMaitkadninlBigaeRlieind BROuRS thed QPP bapdiPHith MR FbdapQsid | ve

cells. In sum"rarx, the markers for sorti ng'aggfatic rogenitors are

G ycophori n ACD14 pesidysASEY pesigpeclisbigaes 4 Hanst 1 d frop thesamef yspeasipnt hese
markers bug | GhbiglicPh 94 shd 118 @fPibBAtial Rferfekdife é&@.ta&%)smsdogg Snd {EI@ ﬁqguﬁes
mcrons (by forward scatter). The phenotype of these sort cells Ts small
cells (< 15 mitx ambs)ld @fet immveotgwesmnagrﬂt(miclgnr that) pihdle dothy cdbiypshriae
rati o), -al bunn. F “Qf .. . s e ElQUL

10-12 " 15 Conf SuBRARAF T colsailll ROA R Bk DSl To BBl thiier |
in Fetal and awlless cofgleathanitheCD14 positiveatllsmi cr oscopy is used to obtain the

I mges from human {e edi ' dult cells that expyess, al gg’y
fetoprotein. This %e%@%%?’oglﬁ%é%g%ls efglr &g g° aglgé?rg%en{??fé afezgﬁ}’r‘iﬁ’ﬁ’{&?flff and
size of theseCbhalbl ¥CANM, €D14 ad/os CDSEY, loy nhll éorl sl thdst @ribritdes Bt TCAGET, diplaid,
proteins, such as_AFP and ALE, and, th of ne ane surface_ markers such as
CD34 and  CD3¥FA. e iy 16 han g@?%ﬁg;o foRvig SReteek ojhe BYeRptERe e,
and adul't |ivewes (sbier@ls lkamaiFeded (<4 VBT SnicRfs)OWRE e SAYasd emiphohest
percentage (6-7%, whereas adult livers have a small percentage (<4%in
young adul t s) Regkepsigyioplaspis 1RlMD albymireand/en ABF Wt Fongwmpinlagy ofths icalls see

m ddl e- age adgl:}ss 18Q2AR-expressing cells have been found in a liver from

“donors ol der tiﬁgn 57 years of age. The few hepatic progenitors found in
cadavericl¥ivers are enriched significantly through the Percoll

1 and 2 v om CRLOGE-Crbilfich YE aidlafcbithysidiir GOk SR RPRA g BRL°T00

viability froBufmamEiveons of Percoll-suppl enmented buffers. Smaller cells

(1sctione 19 b ptor ot o hngn bl asl LA &/t

adult cells that express alpha-fetoprotein. This methodology enables one to cbserve the

20 morphology and size of these cells and to show directly the location of intracellular
proteins, such as AFP and ALB, and that of membrane surface markers such as CD34 and
CD38. AFP-expressing 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 adultsj and with the numbers declining with a;ge

25 to <1% in middle-age aduits. 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.
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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19 July 2004 Fraction -Viability(%Cell Size (nm) %AFP+ cel IT Frlagé' n 182<
120.5-1 % Fracti on 28410-152% Fracti on 38515- 25<0. 2 % Fr act | Or-/458%5. 50<
0.01% These results indicate that donor organs preferably useful for |iver
cell therapies as well as for organ transplantation include those from
young donors up to 45 years of age and such livers are preferably isol ated
within the first 30 hours fr@r%ﬂe%;t arrest. The 10 livers fromgeriatric
pati ents (>71 KRR of age) YPEIYEAhpr opr iCISHIHBY D | or ABRI gells her api es
“and perhaps alggsbhgn whol e orggn transplantf especial I'yg£grg children,
since they will have little if any regenerative capacity -from hepatic
progeni tors ad#ackiahyd the nini "8 regener atiOvls capacity k%own to be
available fro I_.ilstﬁg ture cell 15 Maturatj | Lineage e, nvent ors of
this inventi oan av%gghom thatﬁf schemi cal | yi-sgésarraged i ve?é_'ac%’nt ain a

hepati c progediractiondel | popul a6 on capabl e Z#5@r omt h and<@off%er enti ati on
into hepatocytes and biliary cells under both normal and di sease _
conditions. This invention stands for the proposition that every position
in the liver |ineaQaesesesaligindicivettiat dombiirains predérably UsefiilFaclivenod] hb@pied Rer e

are nultiple stemcell popul ations .i he liver. Surprisingly the Tiver of
The 1 nstant i ML AsORorgb s s dpclydetBoss ok spung daposs mp Yo g swors ohase
responsi bl e fqgd B@&aﬁms?femmy @othkddvitiy Ble firkEHBoRS Shodd ReddrtClebe. fAtees of

hepatocytes and biliary cells (bi]le duct); another for henopoiesis,

yi el di ng b odivewifiosn gepjeiris padants (Pt yearyit 2pmpnimanprersistsslonns fan cellgherapitset s,
macrophages, REYDLEARR A fordiblelor 1Y, e§paciaft) fbr dhfidthd, dink i

I nesengenesi detglbgtf 1l ng n%senchy%@%% iﬁvﬁ%t | vels_ gné: V\n&}tlfiqmceﬁeyfvé g%veof
endot hel i a, fditlecaf lany regenesptive casadity, fiomr hepatigeprogemitorsvand bulyethe Tingnimat

| sol ated cel |l | i Pi Sto! ' r eat tential as
successful | irg\é'a- [ reec?agﬁI’lé% gr?g%girﬁ%!gg&g&t %g%%;?/‘e. iis invention, as
-described in the. Exanpl es, has nade substantial advances in identifying
condi tions _inwhich nonhuman primate as well 30 as human hepatic

progeni t or's cﬁ%‘@t‘g‘@g@é‘g@gﬁul ly placed into cell culture and nmai ntained
while still retainiThy ikvesiofs efagh@binverdtpn thavé Whdwh @iaf iRhanicalBl afdgel QivaRt UT €.
Fol lowing the teachjngs disclosed herein, it is possible to isoglate from
cadavers and FEMAWA ACER%C PrRgeiGr yelb poptiatinpicrpabiceoft Fav By aKefifereRtiafion et t or s
in culture anepdiedyicsWnd 6iliaty @I ufdeR bothfHoBhANtnH HideRR-coaGOE! atiRd ifVeRtich for

transpl ant ati on. . . .
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), platelets, macrophages, neutrophils, and
25  granulocytes; and a third for mesengenesis, yielding mesenchymal derivatives and with
cell fates fof endothelia., fat cells, sirbmal cells, cartilage, and even bone.

The isolated cell population of this invention has great potential as successful
liver—djrt:étcd cell and/or gcné thefapy. This invention, as dcsmibeﬂ in the Examples, has
made substantiél 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 rétaining their -capability to fully differentiate orl to mature. Following the

teachings disclosed herein, it is possible to isolate from cadavers and maintain
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Because of the ability to significantly expand in vitro, thﬁgqlk

popul ation of this invention, simlar to cells in henopoie uy %%ﬂage, can
be used as a cell seed for ex vivo 5 expansion. . This would elimnate the
necessity for major invasive surgical resection of the patient's |iver.
Once the human hepatic progenitors are established in culture, gene

transfer is Lior ne I.s 1s acconplished wth a. nunber of different
gene del i verym\%lgiicfﬁugs{%g@ﬁaéc p?g%rgtogﬁgr%ﬁgeﬁ%”g}eaé;&m?m%%@ HMHPTERAORNt

" consi der at i on aatoctattd snediai fot transplidasionsone forns 10 of gene transfer require
rapidly growi ng cel]ls,. arkdtySi nce human diploid cell s and/Qr progenitors of
the invention si gn:BFf%‘éeh?l . 36]?'@‘[3’(}8 S@H’én’éﬁ‘m&o?"ﬁﬁ?‘f’ﬁhvg?dh%@@c%ﬂp“@&ﬁﬂpfﬂ@ﬁhs,
these cells arifivendled sinkif ¢ €5l &6 hdripolab finkdea Sk Ve used £ 4 EdfBleed Ar$R vitd'®
growing characterjstics of the cell population of this invention permts

the use inJan ¥R TS Fouldeligyinafethe prepssyy foranajeripvagive surgispl rosseyonofitae
vectors that WalilnsgQe re cell proliferation for 15 efficient gene

insertion and expression. The progenitor cell population of this invention
i s al so suitabl e f&ncgfedwmandgpils progenkpts dge pebabdishad dgreulfimee geredtransfer ior

ene therapy. [ ' rogenitors wll
o nat e oSSR TR bfipRho i QB oF BRHE cer RN 1ok sPions o
cel I s. The cel(seefixpmpleiproidedfinftahpi 4nimpertant cnsideratiar dt itbsipaind iy that dohmcfoine .
for allogepnic cell 20 transf.er. hecause thejr _antigenic protile su sts
i ni mal ? néﬁ?cﬁg"f‘%ﬁ‘f‘“sr%j"%‘é‘%‘feoﬁp‘ hEeRS AN S VT 8’\9@‘? ?‘“‘&P‘EQPP%‘QWF g’? or
el enents, sucpragninre ofithe dhveatioresighifibuatly alivideetdder norfiad phtolgtal Sondities, -
are known to. 't@% hi ghl i.g%}tn%g%c re substantial lé elimnated through
the purifi cat i®Ue preYe €& Weshc % P’ol‘gﬁ%tfg%ftfwéf’l &ni Alffephe growing
progeni tors archah&ers@be6F B iPpuphdati@flaf thRGndelAdn AR TeARDEE hfa! ViXo 3Bk f i ed

or used intact, expanded in vitro if need be and then transpl anted back

into the host tapsferyasing setainogene deliverowirgl regfem thatgwillegeire epllnprpliferation for

modi fi c‘atign—%ﬁ%igg@g eSnsbiRR 3R &pkalibPn. those genetically nodified cells
can be expanded and/or sel ected based on the incorporation and expression

-of a domi nat é sel edbablogenignediepopuliiomeithisrinventiomiscise soitatiteafok an attologhes
hepati c conpar, : Qﬁ&-g&@ | ' 0 nanspl antation i nto the
hepat i c corrpar‘)tE ﬁ“é%?&%grq?a vel Erkiaﬂ?l‘?%eg#tg%r%p? idrfl%lé}sp ce“?lslg(??a?tﬂto i tbeﬁa%coul d
be used.. | nt r psqgesiturs wiilh ebminatena. signifibent chacead ragaiditer @jetibon ofotht draaplahal ce
because nost oqf,, the hepatic, progeni.tors transplanted via.an_.intrasplenjc
i nj ection mov&ls nfeF ‘ﬁ@"‘fﬂ P Oy v tf?“t'ﬁeﬁﬁ@ﬂ%ﬁ?@“%%aﬁ fige th@
transpl antad, tgesdet iteeddsy theitlishiig@dic bRBRS iseggREt gAMIHLAN SnBBidisgeal OeRetidi Ml
hepat ocyt e nor phol o%. LiB 19 \z]fﬂf% éﬂ_84 Addi t i onal rredigal. procedur es _can
assi-st in the PEPFERLY "I°HEP celger e ey sueh 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 thcy are -be genetically modified or used intact, expanded in vitro if need be and then
transplanted back into the host. If genetic modification is desired, after genetic
inodiﬁcéﬁoh and before transplantation, those genetically modified cells can be expanded
and/or sclected 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 could _bc used. Intrasplenic injection can be the administration route of choice
because most of fhe hepatic progenitors transpianted via an infrasplenic injection move
into the liver. O-ucg-in' the hepatic compartment, the transplanted, genetically modified
hepatic progenitors mature to a normal hepatocyte morphology.
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t he transpl anted hepatic progenitors. Animal nodels have deﬁ) St ﬁﬁ(ggd t hat
in partial hepatectony adm nistration of angi ogenesis fact g t her
grow h factors aide in the engraftnment and viability of the transpl anted
hepat ocytes. An alternative approach is to 5 transplant the genetically

nodi fi ed hepatocytes to a heterotopic site. To date, the cell therapy
approaches with redfdtiond medicglgrogsdires eamasistniby cifisaesef hepttid epgraftmeTho® can

be due to theyAeinsfibdba hélﬁnégd g:%xtﬁ)ﬂ;r | AnfdRh BEhdbss Gy é‘&éﬁ&{sﬁﬁ%"d&@'&% kaaf"dU' t

liver cells and are short-liv I solation and rernjection
addi tion, the hepstectomy adinistration of angisgenesis faptosstand rgheir ignawth fangirs alde in the

rejection eni tg |1 s off

greater efflcacé%%ghgghgﬁmﬁ%hpg r%ﬁs?@iﬂgﬁ ha%t& eg 951 e{elln%ﬁ}lc al?pﬁro'?'ucﬁo‘el ogi cal
rej ecti on phertramsplzat &n@crbeczélusmdﬂedtﬂapatmcymtcemhetetetopmgﬁaer ative pot ential.
Wth respect to geme.therapy,.the ongoi,ng. .effort: ke use of " arg

inj ectabl e vect or? dﬁ?ﬁé ﬁ%ls‘{‘e%’p‘ﬁ’r’g’r‘*regm@ I?SB?C"E? ﬁ%‘i’ﬂe S?‘ﬂ‘gpgmt

devel opnent . EHias. 'Mﬁsamplﬁmheshdﬁﬁmeﬂ]baﬂe dbworicelts Bfidd ﬁs%dﬁdjpﬁdéiﬂihﬁhtlyo

I mmunol ogi cal robl e nsr e expr ssi on, of .the v]enct ors. Ex vivo
gene t her apy ‘f l‘fﬁrg’g@ﬁf‘ 6?‘” “{%ﬁ“&%’ g% apd feEggcyen-o In 3Adition, e gsgeh ow

targeted to tRagecfsoRaitstiarsuefs imBRARSIbALA G8RAtIIR Mn %@Yﬁtﬂ?ﬁ:&e%@%?
since the vectors can be introduced ex vivo I nt oégurlfled subpopul a i ons of

t he progerdPt oprogerifar seells refferpgreatere glficay decanses of dthiein imited sepasidy tedeliit
vivo. The advaphaQfssigl & Pe%mﬁp ﬂ%ﬁﬂx‘i‘éﬁht a ©8laS: foethteﬂeb{tenfsmr Q%éﬁeranve
expansi on potential, ther m ni-nal any, 1 nduction I nmundl ogl cal
reactions, an@Olwtéﬂr ability to di fferentlate to produce the enti re | i neage

o oL SRl th B AR b PBRERTn3 0 SO bl

hepatic pr ogemccttms thd hese pepuldl esute due alinieal stpaaplai hoydex| desrelopmbt | dfhs&u p

bet ween hepat i ni t and | geni.t ar i cati ose
rel ati onsﬁ? gﬁﬁgﬁﬂ"ﬁgﬁ“ﬁ%ﬂ? ’ﬁ%cﬁ tb &‘rf ""U'”mlﬂ%‘gé §‘511(.i|f‘d?se P at
the progenit oexpiedsion oﬁfhetvbﬁorshEﬁ&ivocgeﬁélalcﬂapﬁwnﬁpﬁigbﬁtdr bﬂﬁq&ezfse%hﬂij&table
NnuUMer ous antl eni ¢ nar kers 14, CD34, 30 CD38, c-kit, oval cell

anti gens), sh&r¥om seTho; tacg ‘%T”&B‘éﬁetPF%m{qWE“ peRulatiops) Frﬁyr?éwc more effective,

gl ut at hi one- Sm’hé@r!ﬁ& /841618 8%n beARfFoduckd 89 fifb } rﬁﬁiearsﬁis@iauELM%fmtﬁsgeﬁhsﬂ n),
and have extensive overlap. in the culture rgﬁgﬂl renents (forns of

extracel | ul ar c¢Hst ﬂi@(m&ﬁ'@c%ﬁéﬂfr selected, andyirietrodpesguinr élrremB)c pdraneggransim ex
vivo. The z@rpgggeﬁl&& O 48 ufe epeﬁ.rbuk' 58 @t’éﬁnalltﬁ&@hﬁﬂn{ap if fﬁgagaiogr tes

within the |i acl nus. Final para I ne srgnalng 'S prese July
2004 t hr oughowf mnm'émmqaéremtlonh@n@ Wsirrehility tot dierantiats togmerdsy theleatirei lineagegnal s

produced by eggh 4l cens.

Common or Interdependent Lineages
.25 The improved methodologies enable the inventors to 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 hcm0poictic lineages share numerous antigenic markers (CD14, CD34,
30 CD38, c-kit, 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, paractine signaling is present
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the lineages regulates cells in the other |ineage. |ndeed, L I S ﬁ@Pcluded
that there is a comon |lineage or at the very |least interd %éﬂﬁ@

| i neages between the hepatic and henopoietic cells. 5 The cell popul ations
di scl osed herein can be purified and utilized to yield either

nyel o- henopoi etic cells or hepatic derivatives depending on the conditions
under whi ch ﬂﬁ@gb@mtbe eplle of theltwe autuariwnellincagesothatih signali protimed bylehsh off €
reintroduced ja I t e

myel o- henopoi et i %%? F%&ég c‘éﬁgu# thE%t?aé{)c?fg fiﬂ‘ﬁ"% &\?/geé&ﬁ‘:ﬂfiﬁfglagsﬁ'ﬁﬁ i ¥%ield
liver cells. Elamabli dibeaph en airireavesh desstdintardapendent tindages bativednadhe d@dpatic &l

Vi vo. TherefoL g qftor systens inoculated with cell populations sorted
for a set of PARIERC hat defines both hepati ¢ and henopoi etic
progenitors (i.e. THX&E}, popuiaﬂicbﬂs dxsc@éeﬁheremaan lb@?l.bhﬂed AdagilizedRPYEIALARES

W th rrultlplef Anothe t_at spec t he cell populatlon of
this inventi off¥ FQ%FWQPOIEW IBP’ 8%}"[3 aves flepending 05 the, eondiions kndes ywhic

specific progeﬂlc&masedoiateﬂ%a%ﬁﬁuamtmgnlf@ﬁa%us ele3tintedducBamh h@@{htyﬁﬁddas a
conveni ent positive selection marker for henopoietic stemcells of bone

marrow. This ey esmd peentiplly giveaise umydlenemapoieisglgevatives; ft inwpduged st livepur i f y
any progenit gt QORI lcpﬁver 41 ﬁmﬁfﬁ 9@&641& ogéagusggnsl R

progeni tor cell popul tions can su sequent he clTni cal
and pre- cli9 ni vap. ﬂ‘hg@fﬁmimrﬂm@rum& mpcuiundimthepﬁwnmﬂgimgemetddbs aaeteofimany

and diverse. e,, r n cells. .2 production of
vacci nes or an "élllslrtg H%Sb'gj %‘xt?e oagﬁg%gé}}[a% Pm§ lt%§8t§'r§83%évg?tdpnent
protein rranufGDHﬂbcmge{mmn@lpdpalaaaislmﬂﬂ&ﬂmpRtfstesf or various human-speci f | c

factors); l'iver,c .t her api es;

bi oartifici aI i var ?H’&P a“i?gét&f g@ﬁ?‘bﬂpﬁfso'g ?'HPB&{%‘Q'{ st

anti m crobi al thetcelth i She gﬁp@lta&omdlsﬂgnalépwﬁurpk@mt&rcea buirfhicé antlgyn €33, IdDRYr

assi st syst e%%‘)?gm dering the possibility of a 25 comon |1 neage bet Ween
a

henopoi et 1% B B %s?fg'cma%t ROSHEXR: 6%180“09 pagker; fay, Bemepoigtigsten jgells of
i nvention, thgmaikr&el h‘ﬁts%@en%\dh LAMRIRE Rk s »Pfgﬁﬁs bEite? rwags WJ{)@%@I iﬂ%he

fates depend| ng upon the m croenvironnent in wh t hey
avai | abi | i ty PPgitgRPSPulpten.shetastbmiamoneiste prd the bepatic prsgemtet ‘Fﬂéi populgtiensnuch

nore extensiv I facilitate the
devel opnent o?h{cggggﬁlggbggé}*ﬂg%g%n@ﬂlgfﬁwc\%ler]‘%d@#hngcﬁjd&%ﬁ@t herapy, and
enabl e t he devel opHentseofor hummam htpanaptqg&mmraa:clmanerasd ﬂmersu.s Ghbpidclida: 1)
research d i nical es resent |y of
neal thy hatrartoreacet U Rian B 2) pRANRE B vilei B BMvireth f apitclicd B

in human bi oa4)t dmgodeablobmmr S) piﬂﬁﬁn dnqnhfabﬁknﬁgl(hﬁng itHeCéaligi a8 cholstefof various

D e o s a5 R Shee™ A2 Sl § o "ove

livers that can be used in research, toxicological and antimicrobial studies, protein

manufacturing, or clinically as a liver assist system. Considering the possibility of a

25  common 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 parified 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 and gene therapy, and enable the developrﬁent 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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alleviate that limted supply. The follow ng exanples are IrrL(‘lh#Lﬁt%&H ve and
are not intended to be limting. 5 6. Exanples 6.1 Procure b vers
from Cadavers The livers from cadavers are catheterized by the portal vein,
vena cava, or by both, perfused with buffers to elimnate bl ood; and then
perfused with buffers containing collagenases/proteases.to enzymatically
di ssoci at e t hebpeppjationspphiaiped fem faduiers; bave sukficieny cxpansipnapotsptiabicereatinut es
dependi ng on jfiRGi.RitkR liRkted pplyl Ver, the tissue is pressed through
cheesecloth or a nylon filter “or raked with a conb to nechanically conplete
the cell dissoci dibr&ilopingexemplegare illiistsatiyeiand ard notdntendeditebe limiting. Wi th a
buffer containing serumto inactivate the coll agenase and ot her enzynes
used in the perfusion process. The perfusion buffers, Pl and P2, are pl aced
in a waters bai.h aEx@iflesThe 15 perfusion is carried out in a Mller type
perfusion box, which isg naintained g 7C hhroughout t he perfusion. The
buffers are oxygeﬁ; e AU AR SRS "t ubing in the box.is

rinsed with 70% efThanivtss fouh balseets by eilitdrizbd By Wt SortaBNein] NaA ddivh NorPy t O
ensure that the air has,been renpved omthe system The |ljver is.
cannul at ed usl?oﬂbp EQPVHH%“&JFIFHJT #ome dﬂ@%‘&&g’@%@d‘f‘@@ﬁ"ﬂ&ﬁﬁ% 60 ni
syringe to fldsHheensses/protedseRlto Bidyificall) diddbcastd el difBs.! IAVBF e i SHGH MR LAKRMS

bl ood vessel s avail able on the cut surface of the liver for “large pieces
of |iver 100188l 30 miutesitlependingon he size of Bigtliven the tiesue iopresisd dywuzh

avai |l abl e, t hgedselibi@ v ' : ”Ji,é?‘ffr LAUS

bl ood vessel Q%i n . phlryﬁk%sﬁbg?ﬁ %re?%‘gﬁyggﬁg%@gmf%gé}#“%%o \ég%#ég#
optimal per f (lissegiation pregess: | Bheydissodinfed cellsraoe uned avithl s buffes contaiging rpruextes s
bl ood fromt i &N V. l. ] nnul at ed and seal ed
i nto place ug?ancglvﬁrrgg‘lega ‘ S’?%ge aé’géég%’gm"?g%g.‘“{#éﬁg‘%‘é% gf’rrgcﬁ © "superglue").
Al l other |arge v&hesgedusod befiirs,RlcardpB?)i avg plaged iis @awater bathng I7PE. nEel cal

grade adhgsive,.and. if_.r i.red, .usin i ps Wi th the adhesive t el p
seal the BperfcHgEon is(ﬁaéléef 'ﬁ&n&#ﬁe a&tﬁﬂsﬁ’gc}f"xt R i'éé’i‘m'%[ﬁ‘é‘f:‘fﬁ'é%"{&s

Bl ? 1(‘: o I add d %hoﬂ:?ﬁbp%ﬂfﬁstdnn mab?mpmﬁky@hﬁ%@amggh 30 i eichAHb ff"?inl Th
uffer is a o _t.he ba an i ver subnerge in the buffer. e
bow cont ai ni “gbcleénP?egéY'&\;{i@%p‘f‘&@@ﬂ%?li?@FggY fisallsdepaicrand FP"’BB‘S&*}‘ P&ﬁ@l e
outl et tubi nghAfthd SE heBHRH réndved HohhB efster] NThETivQUE tainulated Bfls’ £4b@sed for
15 mnutes starting at _a | ow speed of about 24 ms/mn-and then slowy

i ncreased t o BEeEATSS 10-gfyegingedis attasbediia B9 mib tsarings teflushiigeeccdd I bufferat e

with an ce bISIAE £hec .

excessi vgébl egﬁklgﬁ%lfﬁﬂ]? Eigé*r lgi; %usa‘%{g e %lé*’sﬁtv?l%% &At?]? gl?t %@%%%‘ggﬂﬁqgoﬁom
m nut es, the lmee pigceepl Liverr @OHICY Y. r For theecaseswivhennah ewtpt dived lobetlecones P2
buf fer

available, the remnants of the vena cava can be cannulated. 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  cannulated 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 _buffer is added to the bowl, ard the liver submerged

30  in the buffer. The bowl containing the kiver is placed inside the perfusion box, and the
outlet tubing of the cannula is a&ached. 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 mi/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
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contai ning the collagenase. The P2 buffer is recircul ated un I Hdﬁ liver
Is sufficiently digested (evaluated by col or-conversi on of 3 ?om dar k
reddi sh brown to pale brown and by acquisition of nmushy texture to |iver).
The P2 buffer is recirculated for no longer 5 than 20-25 m nutes. Once the
perfusion has ended, the P2 buffer is drained fromthe bow and the |iver
transferred i MinYes, gheuPlRuflsr iy smenypd romn ged bowh and: edplaced v the 2] ibuffer

(OVEN) s addegnhiQinkhfe Q@J[Mpena?é‘dﬁé‘?z%ﬂg qﬁ%ﬂ%%ﬁﬂﬁ%}fﬁ Lﬁgcm 'vaed

along with any undi gested regions o | Tver capsul'e o
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put into thke Mmmdnmmn @ncletlmrpemxsmm@ugdbdathsmu;ﬁgerqi didlinkdl 66@the Bdvie
filters. The filters ar i.nside.a | ar nnel to aid the
filtration. T%A@szlégﬁat@ﬂﬁ ;@p%bow tol‘arl?l?lgglé%?‘l"lz’#st with a single |ayer of
cheesecl oth, fol | Pueeknbysitare4Rlinm @b i1 hdded ta B8R Hoginkl MEOLHIRUIR af® the
Teflon filter. The filtrate is 15 divided equally into centrifuge tubes

and cent ri f ug@ghesive Toregrov gt alongnvith frysundrgested regians of fhgdier ofibe prpsde of get he
addi tion of Pﬁrvefoddlmsan&eca?mar BaARh vsihg BERS fo&% § Gnd ssbﬂe JQB ggb\%mk

(FI). To the pellet of ce DVEM and [sot oni c erco are gi ve

a final radPiord¢asgof thealigrsted twpyntonhﬁrmedmmﬂwmgabebm the pasineetivegissysaagide d

ercol 1. The 25 aidERe iR e el by INEABIENS o) Bffepf " ©

pel l et referr édoum agsritshed differdnt sige filiers. 'I'lmﬁltesmpe lphaaedammde 8 largmfunnélugeﬂ

again for 5 00.t0,.400 g.to Iet ferr t he
F3 fraction. %Lﬁlgmboélr nﬁ chzeé D&%tﬁ?alt’l' @Eﬁsg‘ﬁ gﬁBeﬁs‘fcé)o bt ai n
a pellet ref ﬁﬂro@ddlb? aatﬂ)OtmﬁTlEQ filteahd en thoddhnalo gel'b&]bhfﬂlﬁat TRE filtfatdlgne at
1200- 1800 obtain a pel referred to as the F1 fraction. The cells

of the di flger divided eaually intq contrifugastubssand penbdfuggrtnt 48 gdardominuiss. vi ability
using the Trypan bhxe dyging% ﬁ&dlz;h&&o%ﬁéﬁdmoyb?k%b@t{hé éuﬁ:bﬁlﬁtaﬂ{lstr & to

different fractions are presented in Table 4. I's th remal n bound to
the vascul ar &% thpiHraciiey 1t(FBe T the tpellstiof eells; DYEEM and lidotmwicnBercell aceradfb@?ﬂoum on

are retained. ;lDGSh,f hb%f?“i?es@é’é&@&y' %}%:en% 'QI Cgl:l Pa&fefgﬁgg&%e@ o?%'nhs

obt ai ned aftef enzy ma Ion
t he sieves (evgiuma(is msmderbincmh)ﬂsaf DMEMaaé |10g11$ hﬁmtgﬂnc Pbxeoﬂ;emhssample is

suspensi on, The re s of va r re. prqogessed
2o i 0 B0 o mebel ke o 5\ Embd e ERL pedf et oo bl T4 Rl o her
cells. 32 19 Supetha2@0i cBigtrifugbd adairafok 5 amindte0n 200 t0SIOd gito wbialmed Yelleh rafdrtdr
per fusi ons by m)ilh :ngestl gaiors to elim %ue what they assune to he
debris and defu?diaf F3 fragigny thgsupsraiint fneanistuged again o At $00-800g 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 F1 fraction. The cells of the different fractions are

25  suspended and assessed for viability using the Trypan blue dye exclusion 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. These 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 cht-aesecloth) after pagsing through the cells in suspension. These remnants of the vascular
| and biliary tree are processed again with enzymes and the resulting cells pooled together
with the other cells,
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by those investigators. The novel variation to the perfusion rouéi , as
di scl osed herein is that the first pellet -- here, terned o July 8ﬁ%ai ns
cells found to be the nost sensitive to 5 ischem a, whether warm or cold,
and cells with a | ower buoyant density (i.e., cells collected frompellets

obtai ned at centrifugation at_ higher SE§§d$) .are | ess sensitive to
i schemi a. These cePeréol} fictipgatipp is ysod rogfigelyin ¥yex perfesians by anasfripveigators to

presunebly yougagbe Ak GRFHKIRL (& debrid Rsh DAY Selft; BMG Mhefifd pBliet $e5EseNed
freezing (see section on “cryopreservation). Mreover, these cells are
subst anti al | ybyihokmindestigitors., Thirovelariatien todhd perfugion prutine aFdistlogedihicrein #r om
adul ts conpri ges.l el %..no ol |1 | Calkis
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hi gher | evel sischdmip] whether Warth oPbald,dandi aellRelithta dower dubyant tdensirt ( bn, ofllsCel |
Popul ations 15 The fracti.ons of. adult liver cell. Fl._FE SC[ | bove,
are found to E?Jlﬁf?flrﬁonﬂ P‘%@’l%%@mg%(ﬁ.# cﬁ?jmgg{l?noﬁtsblg Sg%eﬁjgya?rﬁgg esﬁ?él?tg‘,%,t%r ed
bl ood cells, heRahinC Thtel dell$ & helRISF2,and Fidratibnshep ambitercpedianablyl pouppdr t hat
contain progenitor ce|ll popul ations (of either hepatigc or henopojetlc

| i neages); th§aIFQ°—hﬁ’F]élctqe§h ang \paye,a ?%Mpﬁ?%%éﬁ%mﬁl(fﬁ Yo% 9%t are
di pl oi d, smal LrRakehedibaR| MERbYeE, thish Gellsded subSthitRlly dgiiéidicalls, Whkrehsathe 6élls
parenchymal cell's 20 (15-25 m and caonsisting of a m xture qf diploid and
tetrapl oi dOcelin the Edrieactiootrem afyltscomprises dargrly BoleplgiSssilhy Thy polgelpidreells can

i nvest i gat or s}, §00SESEd Bl be iRomRIAERd fapldi® oPEERINGRY S evEithiber 143R- 50
m and that are alnost entirely polyploid (e€.g. tetraploid and octapl oid).

I n general, théplpaiyenchymal cells in the FI-F3 fraction have a viability
after freezing of 79-95% the parenchymal cells in the F4 fraction have a
50-80% viability after 25 freezing (dependi ng upon the conditions of the

| i ver upon arri val §.2. Theloidsdim Riefatienl to/Braictitriation iof Cell Eppulations abi ity of the
parenchymal cells |j he. F4 fract.ion : 0 e t | der
the age ofl3t he dong'B‘? ”§\/8f1’ §‘§&ttlhv§r 6‘%3%‘?@ d?%r%bfi%boé%’l Trg;%%tgtcﬁgmﬁti e
bet ween heart gasin@Sdell Pogulat@nky @1Yeoh@ink Aebrsabed(Hlbuwl sy liepatid stelldnetdlisy jnd

These factors are interactive such that rapid delivery of figssue from an
ol'der donor camabaepaye sell(<ihpm) that congpin PFQ&”‘E‘P"S%‘%GI"‘PF'@%?‘E @fﬁ?ﬁﬁﬁfﬁ'ﬁ‘%‘?ﬁ ,

that has spe nthgéﬂq(a&%eh%%}@gi ractn Tontnb T&gc_rq{cpétﬁzcékﬂm(@-w whe§ lthat are

Fractionation Results of cell Viability are exam ned as a
function of t idipoidnsmalepperchymaleces; the EZ firaetion. comains cxsh dargdr areranghympdl eplls he

liver is kept mbient or. aboye t.enperat ur. | I ﬁsb [ 2
The condi t3%n (f%lamﬂéﬁﬂ ‘H’émﬁtf%o aingx%qu%gifglggnﬁ{)%ggélﬁfi gg gﬁc({)%% Fg' lent. i s
termed col d i g@B@RE Bsed!by 2l GMED mvpstigRtbisy onsiseigbfithelaggebtaof ey paphya ctlls a 5
tenperature between vital body tenperature and roomtenper at ur & wher eas
col d i scheni a (25-50 um) and that are almost entirely polyploid (e.g. tetraploid and octaploid).
In general, the parenchymal cells in the F1-F3 fraction have a viability after
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, the 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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corresponds to any tenperature bel ow roomtenperature, e.g. ﬁgout 15) C or
about 4 C In warmischema, the |[ivers are kept at above 19yigapo
tenperatures and the livers are then perfused. In an alternate formof warm
ischema, the livers are kept at above anbient tenperatures for a tine,

then chilled, and ubﬁsggﬁxerﬁtl. Jerfused with rm_ 10 di ssoci ation

sol utions. The si rgﬁs e sﬂ%ﬁ%ﬁx@@%‘iﬂ 1 hocighPltimg @pd fepregaii of s
processed to jéeuiiale Thebdndition Gh mdith théBlerha 8ot Gk binBlefNbr &69@&5%1?&%%
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of 250-300 g each, .abOLit .8 V\e,f%l%s .0f age, are used. Non-i1schemc aninmals are
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hour to provide 150 to 250 x 106 cells per liver.” The total cell yield at
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between 50 angerd el 8id<ehd & itibd %ﬁieat | ' cell.s s
decreased rapidly wﬁefdgg(c\l/a}@rﬁdi gi(l:he(ri'na%a?t&lttl :V%r*é)?gr:hg egés'ﬁ‘éeﬁag%&oir\vg\hﬁ%%@e}gh&ﬁ at

ti mes of gredhefollowing trbls, Mable raslivr abllscarg tdistipguished from 866 ol by stming
l'iver.- Thus,.: : rj Lahl e..ce N ound..t o bi al with
war m i sch{e}r;i awlwif&gﬁgrrlgsﬂﬁggs hgdrl??cg nsg‘mzsohlga%lo‘sma?ﬁﬁv%u%ndﬁg%%&&g%ﬁ émgr e

pr eci pi t ous| ybinedhawddcuwtretchardted intieve ahd Bedd fractiomst batell Sy iRohangrsdry @tert | mes
greater than gone hour a to . five .hout 35 stabl e. percentage of
viable cells %8%?5%8&%%“1’5@5@ “l%l‘ﬂfﬁ?ﬁ@ ‘ﬂ?“dﬁ@&“ﬁ%hﬂ e85 of | ver

cell nuclei arsdlgwasured as a function of warm ischemc tinme using the

above rat nodel. Livers are perfused, the cells isolated as a single cell
suspensi OzQ)’ and straRar o th prdglf “"H‘fn I odi de.Df;‘?fi\Fé“'&el s (Pl negative) are
, a

warm tsch o binucleated % binucleated
none 32 30

2 br 27 47

A tofal cell yield from liver perfusion is measured as a function of time 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

30 109 cells per liver. ‘The yield of five 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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collected by flow cytonetry, then attached to a gl ass m'crOfﬁigqe 8(541 de,
fixed, 5 perneabilized, and restained with PI to visualize 04

Control animals that are perfused without ischema, are found to have a

bi rodal distribution of nucleus areas corresponding to the -presence of both
nononucl ear and bi nucl eated viable liver cells. After one hour and after
two hours of war riftiesprijenticn, axt:iseofphmpcmﬂinndeoﬁ:ehhwmi’ééaﬁwﬁmeﬁdrﬁof wafr@und

t o decr ease. | | eat ed € necess pol pI id t hese
data are consﬁgbee?rgcgn#g l&r’n’%@%f’ °V°tf3€ %31 %Y%f & c%elrﬁ Jaﬁ? ‘?‘Fﬂ]g ¥ Ave to
i schemia t hansmlgl@bﬁl ehspﬁisioa anbh<aifi@iSwil propRiivdh isHidel. OLidle ¢alls @IngpdtisOhgET a 1S
further suppor Eﬁ’ SI s of ucl eus Apze I n _nononucl ear cells.

Mononucl ear c® i VIRt Hhedi atashed, dp v i migressope slide. pfizdy
cell's havigg p‘di‘ﬁbzhﬂizeﬂuﬁﬂcﬁkcsiaﬂx%ﬂ wilte Ppobwaﬂu@hié RENLS - CIMEO1 T AmAD IR ot

descri bed above_is, used to prepare | jve cells for neasurenent of the area
of nuclei. THRFTUSwIlont isFhemia. are fpupdtapayes presented in figure la to

i ndi cat e that Ol MiaEH lof PHELGRL AL8 ARLAIANE Yo !

i schem a. As ?ool ypl oi d nucl el K to be large ﬁlg 0 tﬁ?o&édéﬁ%cltogl ,Oththese
data are foun@omﬂu?iﬁﬁl @dtbémlcka@d dlabledi‘{ﬁr edlls| sﬁfmr@nf: d!bat wdfscrmhemralof to
warm i schem | ver d
livers aftera?-vm urs o |El%héﬁ8ﬁ; d?g%hlgc?ergt 1&'}&1%;%% rLASC gsafﬂ

i1l ustrat ¢ |bmtiolgtndecdﬂb areT hecessefily malyiboid,i 1lhysc| @tahmoccmsli\detﬂdi agénﬂiedw that

d f h Tabl es 6
a7 nre B PR b P e BRL A0 o about 10 ¢

substantially i nnﬁdjeahﬁkmcﬁaftmptﬁﬁt@m o ¥seheniiR li€ firthen BapPOREL BY Vnaly§i€ of | i ver
is rapidly chilled to.about 4 C sybstantially jmedi ately_post-nortem The
chilling ~car™§&ussige i pangyclsanreely Megomgleantelly,capcbeicaberiploid o polypisid ski | |

in the art, iweh ad &gloid Bills BRIng! sniBbeAuced tﬁztﬁethél;imlpﬁax&wfsd' ;&fm&ﬁi?k' ng

the abdonen of the donor cadaver in._ ice or bags of " "chilled fl uld.
livers ar® kefsectihed gheveds useddo prepae live refisfemmpasementafiey areu phrnclend Thqa e

t hen perf Used;z/néﬁt SasGl hikfd is fikse &Hﬁ?%ﬂ%ié’mﬁ’d}&% e 3t celt® Withs

advant ageous| at tines up to about ours e single ce sgzsi[f):aﬁeél on
resul ting frowmlageely rrsispat ﬁousqhgwab Asppolyploid autld @nért@w h&epmageimpmxdrm;clm

Pol ypl oi d celh3o968 IREIIETdi e SARALCLING el arhRla Rinilabls,

t enperature is malntaine even a
July 2004 FetHie dﬁamwbebvmamncléhlsttcé mahostndl divéds mad Avees aftse tvo aburk bf schiedria St d.

Dev (Std. Frror), i3248¢ alffé:ll’Sas Hrubteated in figure 1b.

The cell viability is also advantageously examined as a function of time of low

temperature ischemia, 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:lperaturcs and are then perfused, as described, at timnes 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 progenitors. Polyploid cells are observed to be
sénsitivc to ischemia even if the temperature is maintained below ambient and even at 4
°oC. :
Table 6.
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5662489 (4) Table 7.
(Std. Error) FlI9<2067.918.3 (6.1) F14>2062.517.5 (8.8) F27<
| "26>2073 16 (6.5) F38<2081.98 (2.8) F35>2075.214.5 (65)
F413>2021.224.9 (6.6) 5 Progenitors prepared from
met hods are suitable

(3.9)

F416<2081.67.4 (1.9)---
livers as descrlbed in one or
use in c
in

and as thera
a Human Dono
The donor

donor
for
sorting,

donor.

transpl ants.

Fraction# liversCold Ischema (hrs)Vi

nor e of the above

, oy Queandfvers | n cel| _staining, in cell
13‘§'C|r 18bdb“bl T }Cﬂ, %Vﬂb% = ’:" O!-_t ibficial | | ver,
tt-peto—treatrent zé;; 4qxv'hﬂd belew— 64 VWAarm | sghema in
Safpte—Rea—#—-260—+s—feeerved—ay—2+-—31999 f+rom-a-nal g, adult
I s decl ared brai n-dead and eval uated as a donor for organ

Halever, before

Iltg00 td Dev

15 the transplant surgeon is able to retrieve

the organ, the donor suffers hgm Learg &ﬂmigengurgeon is able to renove
the liver Fréc-ull ou-dﬁ#—ln'g;sﬂ'ut 1P khe Visbig & siin € ng
the "warmjrgEchemr Tt~ THEs§T 0SS Cranp t "ol STl —3999.
The |iver i fTushted gt traggpor t—buffer—W ‘,mr put o Ce—ahs
t ransport gapback o [GNC T E§ TEecer ved the |§§4iiﬁyélfug at—Ii—AM-at—4NC
(constitutii@g I3 NouTjs and 4L3R0 M NUTES Of CORTh jerg et a) anmd—was
I mredi at el yg3pr ocessedj.g The QgrBgessing i s roun 3ﬂ§&3&_§UI[ T the |u%iun'ng
cell suspdgmsions W tTh s ndicqdbed ViabiTTti €S’ [754414G @FaA (1 gmau2. d yers
36 19 Jul YyHE004 5 Tabw 6 Triaed i on% vi abi ITTy]efad7yield, celrs, viabtg
cell no. %jtAatal F169%135 x 1G8v. 8 21.2+249 (6.6)
5
Progenitors prepared from donor livers as described in one or more of the above
methods are suitable for use in cryopreservation, in flow cytometry, in cell staining, in
cell sorting, in liver regeneration, in a bioreactor, in an artificial liver, and as therapeutic
10 treatment, as described below.
6.4. Warm Ischemia in a Human Donor
Sample Ren # 200 is received May 21, 1999 from a male, adult donor. The donor
is declared brain-dead and evaluated 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 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 reccived 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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P265%3. 6 x 10818.8 F381%.5 x 10s28.8 F483%8.5 x 10844.5 To{ Iﬁlgo%x
10899.9 Thus, processing human liver tissue that was subjec gy rm

i schem a such as to IO render it unsuitable for organ transplantation is
found to yield isolated cell fractions conprising diploid cells. 6.5.

Al pha-fetoprotein Expression in Diploid Cells Isolated from Human Liver 15
In a nmal e pat iTabitp age 37, received in the Shock Trauma Unit, after a

vehi cul ar collision and pronoun eaj h from asyst le is estimated
at 25 min. prior to e’g fAnce ?W?%Shgﬁtﬁyf? yma Uni t°*he donor cor pse
I's prepared for organ donation by externatabth &limbecti ong,idihe |iver is
aseptically renoved, pgé:ked I n gg aseptic ba and 20 chi]| ed for transport
to the nearby cell |ab latory. 78r |iver ! d‘r]é)tenperat U | measur ed by
use of a skerile surface tenperagsge probesgh {@nper at ur g of 10 Cis
recorded at 45 mn. after estimated tinme of death. Perfusion of the |iver
with warm dissociatiofsol uti on81%ee abové¥ % ¥ begun. A8&fonor 1iver cell
suspensi on is prepared,g@s descg@?ed abovg,s a2 viable giploid cells

i sol ated by centrlfugatlon on a fer 25 supplenmented wth Percoll as
above. The isol ated celT#alare divided i ntd9%dl% tﬂﬁots for 99c9ryopreservation

for further g far ans on
in cell cul tu?@ﬁsg%%:&%%t ]tu&garﬁlsﬁfepﬁgé'{él onn‘{véds %ﬁjeg [ gen‘lrﬁlﬁlltsj hr?gléa
In a second mednderpittiinsyitableaipe omn transplanisicni in folrel pelgeisdlyted Q:G]‘]nfvafcheﬂis a
vehi cul ar acci dent .a (g 1§r on unced DOA, death from exsanguination resulting
from 30 inteFAEPOSNEAp ’td|°8 % and consequent asystole is estimated at 45
mn. prior to acceptance at the Energency Room The donor corpse is
prepared for organ, donation by external  disinfection. The |iver is
aseptically renmove#s: pa‘%‘i’@ﬂ'f?‘ﬂp@#“&%ﬁﬁﬁ'%éﬁ Diglgid Celly [sglated, from Hamas ¢
to the adjacepfygel | |aboratory. The donor liver tenperature is neasured by
use of a sterlYe surface tenperature probe. A tenperature of 10 Cis
recorded d6 80 min. after 37 19 July 2004 estinmated tine of death.
Perfusion of the Ij 1 (o] : Vi u Oiclihy €7
cell suspension is p?énp%gr%%c& é%éé’fs)g?({eﬁégﬂg @mk%%\?‘?&a It%gcrd? m(k:léﬁll S
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 aseptically 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 imto 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 estimaiéd 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 tempcraﬁlre of 10 °Cis recorded at 80 min. after
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I sol ated by centrifugation in a buffer supplenented with Pefjsfgll 63
descri bed above. The isolated cells are divided into aliqu uty gpo4
cryopreservation, for further characterization 5 including antigen typing,
and for expansion in cell culture prior to transplantation to an
antigen-matched recipient. Sanples of the isolated cells fromthe two
donors are prejmated timg of desihn | Rerfusiontof thenlivasowith sQlutmnpl]aes ﬂelvopmdicgum Aas

above, and an t

subfractions a‘%ﬁ%%‘gé%lﬁ%% ]{%% #sﬁgr%%dég%:%%%gé%ﬁc ce escsw}ql% o5t

smal | nucl ei tshlatedM@emhgamumalbluffemupplemdntedaw&h Pafce]}e@dq&aﬁmﬂ dbove: eThe
subfractions ondi ol | 0id cells nnnonucleated
ool 5w T oEReRSRERE R LRt Bl iy SEppsertlifl £of bt P reaiors
fromthe age- mamdmgemngat r.gdiﬁg, ghdrfor &cpbisddn inh@ll @uBweR §iiot R €fhsPlahhRSER! an

durations of warmlsc ema |s used to evaluate relative susceptibility of
di pl oi d ‘and pYEHIBRIFPY PEPIEEL| |s to the effect of warmischernia. Hepatic

15 progenitors thadangieddf3he RbRIBA B! @Gt WePiwd @nBrstard PRIPERY S deARingfwitshe
diploid cells of the liver. The ability of cells that express

al pha- f et opr octEibAdY & alphofisjepretsing 25 aboyss #nd seHAdaby sell seuiag QﬂoacﬁA(Eﬁé@It er
th t hat of
an that of thenatheted 's%ffﬂcﬂoﬂs'éfﬁre ﬁﬁlhg k9 %?Hn@ﬂﬁé?&?edaﬁ?axﬁl\éﬂ*ﬂﬁ

Devel oprrent of* primers for PCR stud | 20" Anal ysis o oprotel n
(AFP) i sofi®r ngmali nfieleicthaf dird ;su'@mﬂdbs dwlmd ¢ellp aare cpompexedutsw otlhenbfcatibns

types. Cell p din
Eagte's MEM su%%?% meM@ tg %E’P ]ﬁhﬁ&%q s| lIJ) #ﬁplgl%o\?‘gg 5@2% ‘ﬁﬁlela“f u%fe’n’én%e

U rnl penici | binuleafél eefik. mcmnmmmne tells @rdin titd ddeMand sexematehdd d?dnoﬁ;nnhm

aci d sol Ut'onh d"}"ER I.n1 dﬁagi 10‘V FBS. A .hunan er hro ukem a.cel |
line, K562 25"HHR Nodis 8 SErmstehenya 1§ B tospygluale gelative

mai nt ai ned i nsd%d}i&bﬁig?of cﬁpl@ilﬂ|aﬁﬂ@ﬂl§'pldld\/ldvbhca1’ls lﬁ&&hb'eﬁ‘aétto@maﬁﬁ isch@nidl Hepatic
penicillin rept onycin, x .10-5M 2-ME_and 10% PBS, RT-P ER

Total R ar%‘“é‘%l‘ﬁ‘f’ @&W&%ﬁl B’Prqt%@f a aomowfttwedm@eda?ralaroa the’
net hod. The CIRNA ThéFKLSWREHAhA SLpBY ah dﬁaeﬁnbmgveadafh GUPIRGEGEmi® 30

PCR anplification using priner sets deS| the inventors, and prepared
for human al #rauilde epbeiieeiapn @Wﬁheoﬂiﬁédmlqlﬁﬁﬂefﬁﬁ peprlationajsevalsated| | ows,
hAFP | : 5' - ACCATGAAGTGGGTGGAATC- 3", hAFP2: 5' - CCTGAAGACTGITCATCTCC-3', 38
19 July 2004 hAFP3: 5' TAAACCCTGGTGTTGGCCAGS hAFP4: 5'

2 URG SIARAT TCGGATTCTTACCAATG 3' .

20 Analysis of alpha-fetoprotein (AFP) isoforms differentially expressed in hepatic

versus other cell types. Cell lines: Two human hepatomas, Hep3B and HepG2, 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,

hAFPI: 5-ACCATGAAGTGGGTGGAATC-3,

hAFP2: 5’-CCTGAAGACTGTTCATCTCC-3’,
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hAFPexon3: 5'- GGCTACCATA 1TTTTTGCCCAG , 5 hAFPexon4:

5' - CTACCTGCCTTTCTGGAAGAAC- 3',  hAFPexon5: 5' - GAGATAGCAAGAAGHEAERY%: | and
hAFPexon6: 5' - AAAGAATTAAGAGAAAGCACGCTTG 3', 10 The conbi nations of the
priners are as follows: hAFP1 and hAFP2, hAFP3 and hAFP4, hAFP | and
hAFP4, hAFPexon2 and hAFP4, hAFPexon3 and hAFP4, 15 hAFPexon4 and hAFP4,
hAFPexon5 andth®3ps,  addTAMEEGHHETEREGHAAG-3PCR is performed in a total
vol ume of 50I Si st ng AqfrrARM EREFCRAUBRTAGCROB-3200M each dNTP, 50mM KCL
1.5nM MgCl 2, 1 Tris HO, pH8.3, and. 1.25U Anplitaq pol ynerase (Cetus
Cor p). Sanpl esAERexon2atSeTTECOMBTIGIGATRCRTACCAMEH3 Y anplification for
30 cycl es of ] . ' hWpoat 72C. After the |ast
cycle, a fi na&@#gﬁii (%ﬁ S eﬁb[q"(gA'ger or me é(a:?Ag;Z’C for 7 mn. Then 5| of
each PCR s5ecahAFRemond SiHETAMCCIGEORISHGGAMGZ0XT-al,ning 5 g/ M et hidium
bromde in Trjs-acetate, f.fer ) gene consi sts of 15
exons. To di s%‘%ﬁ%ﬁf”é %r'ﬁ%é%%eg‘%%wif%ctional conpl ete APP
MRNA, two di f AaFRRbnf ot ANISGAATARRGABMMAGEAGITEG-3r,e- sel ected as target
nol ecul es of RT-PCR The prinmer conbination of hAFP 1 and hAFP2 is used for
the anplification of exon | containing the initiation NET to exori 3,
whereas that @fe dMeieishcbriitieaadit bd fo8¥en 12 to exon 14 containing the
stop 30 codon.- The results of the PCR are that both conbinations of the
primers réeul halPland kdd¥éngl y detected anplification bands in the RNA from
Hep3B and He?:ﬁ;‘}gﬂgslm 2, 4, and 5). By contrast, only the specific
band of the CG-termnal portion was detected by the prinmer set of hAFP3 and
hAFP4 in the RAPPKamdhATPE2 (|1 anes 7 and 8). This result 39 19 July 2004
suggests that eryt l.epykem a cell |ine, K562, expresses only a
truncated for °"RP¥>‘*“WVH%F?§m the N-termnus. In support of this

hypot hesi s, tharRxbn3 aid iAF®P4nhol e codi ng regi on of AFP using hAFPl1 and
hAFP4 priners_ i erfor As expected, the pCR of Hep3B and Hep& cDNA
showed t hé’si XPB{@‘F{%&’ band of 2.1 Kb (lanes 3 and 6),

hAFPexon5 and hAFP4, and
hAFPexon6 and hAFP4.

PCR is performed in a total volume of 50ul consisting of InM each primer,

20  200pM each dNTP, 50mM KCI, 1.5mM MgCI2, 10mM Tris HCI, pH8.3, and 1.25U
Amplitaq polymerase (Cetus Corp). Samples are heated to 94°C for 3 min followed by
amplification for 30 cycles of 2 min at 94°C, 2 min 62°C, and 3 min at 72°C. Afier the

last cycle, a final extension step is performed at 72°C for 7 min. Then 5pl 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 exons. 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 hATP1

and hAFP? is used for the amplification of exon 1 containing the imitiation 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
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5 whereas there was no band in K562 (lane 9). The controls @Fi sgn@es W th
no RNA and a sanple derived fromthe nouse enbryonic fibro Wy 2 l'ine
(STO. Neither showed any detectable band. Next, a series of 5 prinmers
fromexon 2 to exon 6 are constructed to see the difference between

aut hentic and vari t for o hAFP rnRNA. The result show that all the
cording regi olfSELELPT Q“EB@H&P]%BH"T KSPhexprisenprly Bonnsatdd toaFBE ARPKS62.
1o The conbi nﬁith&il%d)ﬁt&ﬁﬁﬂﬂs AR dup l r Ne AR PCR. 1 hat
are suitable to detect AFP nRNA ex rgfsgsoﬁlﬁ)%ﬁw;ﬁgpﬂe{??c f"ﬁgg" le%d © BAPEi ni ng
the conpl et e Te@iop ofAKR usiys SASR] mmmfamm@mqm thPCRIdfC
conbi nati on I lLi t n t ed
orms. expresoal Fr RdpOReDNGt WBBRHE gulfe RABMaBl: vl of 21 K8 Yaotr 36T 55
identify sﬁoecWhﬁf@aSﬁﬁb@wM%handnsKﬁZ (Ilauvém Phogmolsare satlples with rthNA&nd' vi de

P ocessi ng of: SRRy o4 AR e RO RIS URODR] Pl o TN Gl e

di fferent ti ray dpiactaige biiglr MNeky a sexiet bf 57 pimdreRoh eRdn DAIESR G\M-etrfbnmltgum of

i gosti on andoh e BiE TEeELRIBTE A yiial Grp .l ROEP TEANA{ ok seeltehow

prepared pri reaatiallyth&yorting Repidncatepd eSGOL isthhes in WRSAHRAR 640 iCREVeric .
marily by enzymatic digestion. A description of

livers are soci.at ed
each pr oc@ssd*bf ehLpat ‘°B€P£)Mbtaﬁ d thexER¢ privaera dfor gllllﬂﬂlveﬁ? RTPCR ghattarel f or
varyi ng | engtdigadé td Héf&ct'ﬁﬂ?PaﬁRﬁDZéb{fEessBH Ifx‘ﬁl%%get ﬁueég%ﬁv&%mﬁngh%s&ln\{ L he

extracellular matrices that bind the cel I'n a I SSUé
col | agenases AHE RN Aripesigs.u Toe RTBCR @éﬂlma eningothis speeific «:ednbmatameofoﬁuﬂm:gh

purity "Li b%raﬁlgﬁm R f Boe nnhei m
consi sting of m% ﬁ%{g&g?ﬁ}pﬁrl ?Bﬁ}pﬂﬂﬁﬁgﬁgggg{q@se mﬁsﬁxéﬂlﬁ QEB?“"‘T PR8UG 7y e
m X is used @pﬂm'ﬂhs mismatvd tocichtﬂé;n@caﬁmnbpo@mldhmstdﬁ livergrogedetoLtallsi oo i
"side eff ct enase solu n- - 0 70 nmg/ 100 m s of
buf f er gma 5 @%%ﬁ?@"@%&f Cﬁgﬁ’g% anog s S"i‘ﬂ”@@“ﬁj@ "6? Wor thi ngton' s
type B, cat al og # LS005273; both being bacterial preparations enriched in
col | agenase but vm enzymatic jnpurities) or Liberase- (purified

col | agenase/ el aal tas*@&ﬁ&ﬂ%&?—ﬂ%ﬁoehrl nger - Mannhei m  cat al og
1814184) pr epar ed CaflavRdc Didefse Live&esbrRfd OWdsuastbnt! S€ Bitlend 9
July 2004 Cell. Wash Sol ution: RPMI 1640 (G bco) suppl gﬁeﬁggsg%%f?%é l'in

(5 g/m), tratkeg atleas 2dchonry with a prdEumaet 30 heyrs diiversinme I(Igwebeismg)a bound
1: 1 ol aryor atch@bin@tdiés Jnkﬁﬁahc'@@é&ﬁﬁ A éﬁ%arra a2 BistA dﬁm@w caliefic) ﬁ&éré/ Acid

M xture: Inmmature cell populations, TTver
require |ipi @5 Brepased primardy b}‘\ﬂw@f@nﬁyﬁﬂlmgam whetieas tire athrlacad sverid| ivesugh
ful |, y 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 in a
25  tissue. The collagenases enzyme mixed used for isolation of liver cells are of high purity
“Liberase” enzyme preparation manufactured by Bochringer-Mannheim, consisting of a
mi;:ture of purified coliagénase and elastase). This enzyme mix is used at much smaller
concentrations and with fewer deleterious “side effects.” o
Enzyme _solqtion: collagenase solution—-60-70 mg/100 mis of buffer (Sigma’s
30  type IV collagenase, catalog #C5138 or Worthington's type B, catalog # 1.S005273; 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

40



mat ur e hepat ocytes can synthesize their nenbranes froma mg& fatty acid
source (linoleic acid) younger parenchymal cells cannot an Y €0 Q%qw re a
m xture of many different fatty acids to handle their lipid requirenents.
W provide a conplex mixture that is then bound in a 1:1 nolar ratio with
a highly purified al bum n bovine serum 10 al bumin or highly purified human
albumin. In gener £ell Washeelutionu REMI £648r @ikgodistpplémentedr il inswlira(fojighmls sues

necar ot nol y ACELH @ MG free My ORY REnE RSl 1 ehalit-=ESfootied i on

of . about 7. GmyﬁQOtmurﬁaﬁs&uﬂi\@lbmﬁncell cul ture nedia. The stock sol utions

are prepared as foll Qr_.a conbined total] of 100 mMMfree 15 fatty
acids: Palnitic Sf“eﬁciﬁ’Wd“‘é‘; Miyairey Jaymape ealk ponuiations, gndidrmpged dier IS@TG v

Steari o 1% 6 caih, lkibais & BaiiMi Infi6 ROERLGANEE BBl VARNAL AR Y

Aci d Conponents: Each individual conponent is dissolve
follows: PalmARE diepatagydssorr: sypthesigstheln membrangs Gompa| sirigleo Fastycacid wpm:@ck

readily solu I Hat 1 g
1o50m 5o il aﬁﬂﬁgybﬁ%&a@é‘gﬂcﬁ’?&‘ (00 R 8 AR Bl DRAGR, B By K,
readi |y sol uldiféerént f@tyCIdids b hehdin ﬂmmm sequirkments aiie prossidé alzbmplen Hx@ht These
I ndi vi dual s al. the 00 m.xt.ure.

Ali quots of E‘Jﬁa?lﬁs th%l Vi BE&E% legmtlad l%ﬁé %\B‘lrlr% @e“Wthﬁ'ﬁbgﬁf‘tr?tg

ni t r ogen 10t hathugin bnmglﬂgllpnaﬁeﬂ(htdnén aburaind Inrgenam Buddradilbhrhinyis plfa@ells idr e

frozen at -Zodg Per f usi on utﬁf1 I -c calcium,and, magnesium free
per f usi on bufF&f ["plfr"?le)‘SSWSt fieta AP SHSeiss 85 RONEE SPIEIGeRN cach

of the foll owhdeghd NeA¥e6rd C%ﬂy&n i‘i!iMnN@Gl’freé acn}tyis)ﬁs&pﬁ‘i fthal/coibbrffefion 1- 2
mM KP4, pH 7.4, 2. MM NaH mM EDTA, 5.5 mM gl ucose, 0.5% bovi ne

serum al bumi f ARSRY-6 1ea Aok Wééﬂéﬂlkmﬁgﬁ?’ﬁﬁ) I nsulin (4 pg/m),
d th 1 ARl Ffied | e
rech um or - RPM | 16 e ek R e pRalln filows, £, B5HEReE IR 6F hERAERSR © ©
}ig/m), lsnsddtiyrecidd: gl M) and dexanethasone (1 M. DVEM -- Dul becco's
Modi fi ed Eaglpgl'ﬁﬁcrredi Lgtlt.d]%vpco) W t hog_’licucose, sodi Y oM

Palmitoleic 2.8 mM Linoleic 35.6 mM

Stearic i1.6mM Linolenic 5.6 mM

20  Preparation of the Individual Fatty Acid Components:

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

Palmitic i M stock, soluble in hot EtOH

Palmitoleic 1 M stock, readily soluble in EtOH

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

Linoleic 1 M stock, readily soluble in EtOH

Linclenic 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 magnesium free perfusion buffer (pH 7.2) with

final concentrations as specified for each of the following compopents: 118 mM NaCl,
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pyruvate and L-glutam ne and further supplenented wwth 5% fetal bovine
serum insulin (4 g(m) and dexanethasone (1 M. Chee's ne 2004

suppl emented with TTS+TM -10 cul ture suppl enent (5 m s/500 ms) and

dexanet hasone (0.1 M. Percoll (Pharmacia) is diluted 9:1 with LOX

Dul becco' s phosphate buffered saline. 6.8. Cryopreservation experinents The
livers used f&7 oM &SHeddr wMiKRO4githGdo 2 indé NaEEC Qe fi.37 eV TBIOTA C S 8aMRf | C
15 donors as un fetal livers (. tional, ages_12 weeks to 25 weeks)
and as ol d as§€‘9°sgy@§”%’sb°5'ﬂeé‘a‘ém aﬂ"ﬁ?ﬁi&?ﬁ& fﬁbq’at@é?’gé?ql%mﬂ?uhﬁ@m (4igmbd as
fol l ows: Vi aspanneManaBi(l it al og # 1000- 46- 06) suppl enented with 2% hunman

serum (G bco) or fetal bovine serum (Biowhittaker), 10% cryopreservative
di met hyl sul f oxi de ¥&iRgrusiom bufferg-+Debzgo’ o mofigied Baglede thedinnl 0s iIRRMY 1640

mat.ure pargnc | ST  Eld yl L.foxide ar 2 | ycerol  (Si

catal og # %629&? tlﬂ%eé%hf g’%ﬂp?'g%’gﬁfs Or‘sﬁscgrhﬁeac%uﬁbeﬁr@%fﬁ'ﬁ‘ﬁ%“ *%‘gg}aé‘ﬁ’ent ed
with anti bi ot d&amepasonei(l ). at 200 U/ m; streptomycin at 100 pg/m). The
buffer is further supplenmented with hornmones and growth factors: insulin

(5. g/rnl), transP - Pologeqers) Moditied diaglsls mediwnr(Gitieo) oith(glucose, reoinmne G
(10 ng/ M), | Fulbdee b1 -ghildind and ﬁﬁth@lugu?ﬁl'enieﬁte& Wich 597 fepd %Bbiﬁ%@élﬁ&?i(ng@k{‘
7.6 M umn or

lipids: free tatty acids ( bound 10 25 bovine seruma

human ser um al4dbugim) Mﬂyxaaﬁdwmr@ﬁldMi tGhee’ls | mpaiium tsepplertidedy vith ) ITSREM
buffer is_further supplenented.yth.trace el enent sel eniu 10"9M .,
copper (16?7 I\)quE'EET %B%gl"% @6‘53/ 5 % m@ﬁ%&ﬂ@%ﬁ%ﬁ?‘%&%m ME&E%%@%Q‘"(@% 15
proprietary agiit@x9:4aih 10X IDEI6&2B6 phosphdt bifferad SURST 0xi de di snutase m netic
used at 10 g/m ), a product prepared by AECLUS, a subsidiary of Incara. 30

The variation in the conposition, as disclosed herein, is to conbine the

key nutrients, |iggds,cRehiRASSHGNE iy factors that are identified as
part of serumfree hormonally derrned nedra tailored for liver cells. The
novel buffer resulThe Wyers/nsedifos eiyepregsivatioh andthodelogice ates ddrived fiom Eaiaveric

fractions,{ha | %.0r, | (framvery, 42

Ty 2004 ool RECespuh el A1 DR f ARME el Vs B35 1ok St S 20

hour s post noryears of egeas A hoyh capp8etvitiver biffends assdpsefollowk:! Vikgm @upesr | y

time periods gl oser our..or _abow The viabilities of the F1 F3

fractions ar eﬁ%tgl??é %?gon({)% b%‘%f%%%‘?é“&}ag% human, sepim (Giheak op ftal having, s

bei ng "youngesetum gBiosvhittakér),pl 0% dyyoptesdresivadimemlalfkide (SGhiavédaloD#DEER

conduci ve to Slyﬁg?ﬁgél s of extracellul ar rratrl@ng:orrponents and/ or_ ot her

cel lular facto e ef"ﬁﬁ'f‘s‘\?‘?& PF Tpafurg REregemal  celly, 98 dimefhyl sptfoxideken y t o

be easiera4 0 gyaRde (Sifhe caulds ¥ Cooper Q&Idd%rdb/l%guﬁ@%? MTRE dufftel Nis L AGnOUT f er
0

i ncreased the viability of the cells by 5- 10
supplemented with antibiotics (penicillin at 200 U/ml; streptomycin at 100 pg/mi). The

buffer is further supplemented with hormones and growth factors: insulin (5. pg/ml),
transferrin (5 pg/ml), epidermal growth factor (50 pg/ml), FGF (10 ng/ml), IGF II (10
ng/ml). The buffer is further supplemented with lipids: free fatty acids (7.6 uM) bound to

25 ‘bovine serum albumin (BSA) or human serum albumin (HSA) and high density
lipoprotein (10 pg/mi) The buffer is further supplemented with trace elements (selenium
(10°M), copper (10"M), zinc (5 X 10" M) and an antioxidant, AEOL 10112 (a
proprietary antioxidant, a porphorin that is a superoxide dismutase m1met1c used at 10
pg/ml), a product prepared by AEOLUS, a subsidiary of Incara.

30 | The variation in the composition, as disclosed herein, is to combine the key
nutrients, 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 viabiliticé of
the liver cells for the F4 fractions that are as low as approximately 10% or less (from very
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An alternative to the above is to use a nodified buffer indgﬂ@h &}e
Viaspan is to elimnated and the basal nedium (such as RP 4! Y18§ S

suppl emented with insulin (5 pglm), transferrin (5 g/m), free fatty acids
(7.6 p.M bound to BSA hi gh density lipoprotein (10 glnnl), trace

el enents (seleniu 04 zin r and AECL
10112. Coga.t tEP@f&@P!% %e% @‘Er\%ﬁr& M%E@Pl | Q“tr?&tﬁq“%%%/’w’)f@@)tt?ﬁé IV
col | agen m x&gphvad Bo%a@%ﬁgddemwa%ﬂ&kedcﬂ|daﬂﬁ@ﬂﬁleﬁ%éiﬁds Wokd? thi deRRELEN- 15

Fetal "cadaveric" liver cel processed as descr above, are suspended

in the cryopbeedr vabe giebiiies of theidddd Haetons e ronsisisndly Abeve 48P = fapk
cryovials at a"{’mmﬁe&(ﬂi@@fra&r%hé ﬁéxﬁé”‘yoﬂﬁ?a’“@éﬂ%ﬁh{}ﬁ%ﬁ'@ﬂ&% ahd' HetabQhdiib e f O

1-2 hours. The s are then froZen rogen tenperatures” of
-160C usi rfg amom rqmdw‘rezedsy@&mm of eﬁmcellulareem mEponents @rdjarnettior eplivlar hen
stored in a | r Kk

Cell's survi vei%§g‘§ \ég%gefglgﬁ\%;ﬁﬁy %&Bvﬁ#h{rl]%(&%?gm]fﬂég %a%g?%@feﬁ%c?gbl‘r}] t
occurs over slsenﬁ,gxperopﬁﬂdmdmtasamgnmgmﬂmm&m&&sdhghsv(abwéﬂt@mﬂsby)ﬁr The
extrenme range %f viabilities of the F4 fractions both after processing and
after free2|]r9 are due to the varying lengths of tine between "clanp tine"
and receiving the Afstgplaise tothe abotesid tansk ahRdifled buffer inawhitn theCViaghahiions of

t he | f t 't 25 the F4 f ti i th
et borsid | villuteated,and G Beb e Gk HEMEFEBHE uppiapented, iR dfig ior ol
heal th of the,diBsugnstRaATRS kb, frtdiex n%&daggliﬁmadahh@@@sw QugtOUldsiig! v

vi abl e and readl I'y cryopreserved even when tal ned from poor |1ver
speci nens. Tﬁ@oﬁtotelil (@q!g/mhsu‘aﬂelebmm@emumaﬁD&/Dmppm(m M, aint 65 Felelhount

of debris t I ro hat |nc ud bot h
smal | parencﬁv Odgéﬁ@g 1?2&%‘6% Selrr‘fvnﬁfoygmgga 5egﬁa5m '%yg ﬁg
various hemmnegdnqmsemwmuhmhheﬂ@péma)nag@rmkbdﬁﬂhﬁaﬁ)hecuﬁs 19 July 2004
Tabl e 7. Qyopres%%/a?; Fet al L ver Ave VI aegr#l ty afte groce&m ng:
75- 85% AvEr age vi aéa%e "‘Hr"& %f%‘?"ﬁﬁe %Yo a{%&ﬁpea

processing 5T&§H|g?es§rva@r¥§l&fe@%&bd1ﬁeﬂchlﬂovd?~dﬂiqhotbd W6 MnBBivbViAlY af 310ex 10°
freezing) toFl-F3: >75% wi th good attachnment F4: <60% w th poor attachnent

6.9. Fl ow cyt owells/my and mamggined\wodey tha condigomnior Addhquss. oBhe llapre trenefteznite ar e
passed in singh& fibfen ki h&gﬂs%ffllég%ﬁﬁﬁ%l@@lﬁﬁﬁetfz@@)ﬁmﬁfo?rﬁé‘ﬁ?@z@p(ﬁo aser

l'i ght. The appr oxi mat e vo each ce I's determned by "forward
scatter", or ¢iyemadandtthenfstoredjhn a larget vaper phase; liguid dritsagen Itd 60°C) storage tank.

20  Cells survive the process well and with no significant loss of viability occurs 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 lab 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 ¥3 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 drqplc_ts as well as
numerous small cells that included both small parenchymal cells (assﬁmed to include

30  hepatic progenitors) and various hemopoietic subpopulations (i.e., erythrocytes).
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15 beamis intersected. Scattered light, "side scatter” from.internal
cel lular structures such as the nucleus, endoplasnic retictfdryE8Pyi
bodi es, vesicles, etc., are used to determ ne the anmount of internal
conplexity (i.e. an active cell and a nore mature cells will contain nore

i nternal conpRRRRE SChbEBsR bt §86EPf.PNe Or a younger, one). Mre selective
I nformation on cell Characteristics is obtained by binding highly specific,

characteristic 20 Aaerage#habilityoafier ptoeessing G158 @kes on the cell surface. These
anti bodi es can be 3 k- onded to fluorescent | ecul es such as

Fl uor escei n | sot h#&%&ﬁ%g{a{é’hﬁﬂ%&ﬂm%ﬂﬂ%ﬂ@@? P ﬁ’af Proge§ingandem

conj ugates of PE and Cytochrone which are excited by the |aser beans,
generating em i.ght at .specjfic. wavel engths for each fluorophore. By
sel ecti ng%a ?aah%f\gq(#w r%ﬁ"’?"ﬁﬁ?"?\‘/@“&%“@ﬁophor es conjugated to specific
antibodi es cel | X3ayllapret fredmgQf i nterest are selected, Cells were

anal yzed based on theié ﬁg_r aneters input. A variety of collection devices
are used to coll ect thEIY&sT P& Wik oo attashmegt; ng Eppendorf and coni cal

tubes, and any size ”N:Q60Wilthlpdo%€acﬁﬁueﬁthe speed of up to 40,000 events
per second or higher. 44 19 July 2004 TABLE 9. Antibodies and reagents used

I n staining procedureg" Antibody Supplier, Cat #, Lot # CGoat anti-human AFP
Chem con,,AB635, CAP168 Monocl onal nouse X human Thy Chem con, MAB1294,
293CCD h 5uman Mnocl onal nouse anti AFP- PE conj ugate Chromaprobe, P41020,
AA5P7 Bi oti nyl at e6.9RabBlow cyfimietGoat Vect or Laborat ori es, BA 5000, Y0313

St ept avi i i AVCAT b RS S5, S R SRS o8 i g, BSErmasnlogHe
Donkey ant i - shiveeghAlMiéwaeljvigat they JRCHHEORA keTHLELAIRE MTHA hSprdiRmikDRs Gl 3 2202
each cell is determined by “forward scatter”, or the amount of light that is refracted as the
15  beam is intersected. Scattered light, “side scatter” from intemal cellular structures such
as the nucleus, endoplasmic reticulum Golgi bodies, vesicles, etc., are used to determine
the amount of internal complexity (i.e. an active cell and a more mature cells will contain
.more internal components than a quiescent one or a younger one). More selective
information on cell characteristics is obtained by binding highly specific, characteristic
20  amtigens to protein complexes on the cell surface. These antibodies can be covalently
bonded to fluorescent molecules such as Fluorescein Isothiocyanate (FITC),
Phycoerythrin (PE), and tandem conjugates of PE and Cytochrome which are excited by
lthe laser beams, generating emitted light at specific_ 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.



Donkey anti-CGoat CY5 conjugate, Jackson | munochem cal s, 705-156- 147, 38756

Goat 1gG Jackson | munocheni cal s, 005- 000- 002, 38837 Sheep 1Hthaéd¥bn

| mmunochem cal s, 013- 000- 002, 39945 15Sheep anti-hunman Al bum n, Ser ot ec,

ABP102, 210498 Mouse nonocl onal anti-human: Pharm ngen 0CD14l Tri Col or

conj ugat e Pharm ngen | CAM Phar m ngen 34374X CD34/ FI TC conj ugat e CD38/ PE

conj ugat e PhdFABIG&n Atibadios aaheREetsNGed brijtaigiag propedudf ngen 31014X

5d ycophorin @Eﬁéconj ugat e Phar ni ngen,322%HA CD 45//2F conj ugat e Phar m ngen
T

31255X CD 45/ Fl conj ugat ePhar m ngen_31254X | sotyp gontr ls 1gGl PE
Phar m ngen 3 ‘3‘915"1‘ TC Phar ni ng%‘ﬁgémx OKi t ] éﬁlﬁ’ e Caltag
MHCKO4 Rahpi t z % >y conj uga?e Kccur at e at antT-Human AFP
unconj ugated X : Arni no Acti nempshdie, D ( 7AARNMDb, ARSObES

A- 1310, 4981- ]-Biwnidﬂé‘djmﬁhtaﬁ@d}&iti ons usadcérMatetiotiespr e pmy-s000,088 for fl ow
cytonetry: BSA: bovine serumal bumin (Pentex V) 35 PBS = phosphate

buf f er ed sal i Bigtinylated Rabbit anti-Goat, Jackson Immunochemicals 200-152-096,25985
10  Streptavidin/AMCA conjugate, Jacksor Immunochemicals,016-150-084,40001
Donkey anti-sheepAMCA conjugate, Jackson Immunochemicals,713-156-4732202
Donkey anti-Goat CY5 conjugate, Jackson [mmunochemicals,705-156-147,38756
Goat IgG, - Jackson Immunochemicals,005-000-002, 38837
Sheep IgG Jackson Immunochemicals,013-000-002, 35945
15 Sheep anti-human Albumin, Serotec, ABP102,210498
) Mouse monoclonal anti-human:
CD14/Tri Color conjugate . Pharmingen
ICAM Pharmingen
20  CD34/FITC conjugate Pharmingen 34374X
CD38/PE conjugate Pharmingen 31015X
CD33/FITC conjugate Pharmingen . 31014X
Glycophorin A PE conjugate Pharmingen 32591A
D 45/PE conjugaie Pharmingen 31255X
25  CD4S/FITC conjugate Pharmingen 51254%X
Isotype controls IgG1 PE Pharmingen 33815X
IgG2 FITC : Pharmingen 33814X
Kit PE conjugate Caliag MHCE04
Rabbit X Human AFP-FITC conjugate Accurate
30  Goat anti-Huoman AFP unconjugated “ AX1.625 061
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 Medium with Hormones: HC_DMEM
40 500 mL DMEM, high glucose without phenol red

25 mL fetal bovine serum (FBS)

20 mL. 5mM EGTA

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

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

500 mg bovine serumn albumin (BSA) 30 mg DNase
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PBS = fetal bovine serum AFP = al pha-fetoprotein Dul becco's Mdified

Eagl es Medi umwith Hornones: HCJ)MEM 40 500 nL DVEM hi gh tf d4dv3@04ni t hout
phenol red 25 nlL fetal bovine serum (FBS) 20 nL 5mM EGTA Insulin (5 g/m),
transferrin (5 tglm) Trace elenents [sel enium (10M, copper (10-'M, zinc
(5 X 10-" MJ 45 Antibiotics (Penicillin-100 iglm, streptonycin-100

xgl m) 500 npspbfresatiy ecid soladidnbound (oBHY. 30 ng DNase 45 19 July 2004 381
free fatty acid_solutign bound. to A.. Sterile filtered through a Nal gene
filtration urﬁt?nlexﬁltﬁeé.ﬁ?oqﬁ%ﬁﬁ n OBHPFWEH-ZWP%S Sol ut i on- modi fi ed
version : HESS-nod 5 50 ni, 10X HBSS 10 nL 1MHepes Penicillin-100

g/ m/Streptonmycin-100 glmM  500nmy BSA 30 ng DNase -10 Make up to 400 mL pH
to 7.3 Top uplanks Boffened Sal@edolutionmqdified varsiop : HBS$-med Bl ocki ng buffer for

| mmunocherd st i& of HBSS nod 2.2 nL 45%tel eostean fish gel and
0.8g BSA .S%W%égg?&% n in HESS 20 Mounting medi um for

I mrunof | uor esi®enic @MHepescopy 0-5 nL 2X PBS 0. 25g n-propyl gallate 5.7g

glycerol 25 Penicillin-100 pg/ml/Streptomycin-100 pg/ml
500mg BSA
30 mg DNase
10 Makeupto400ml. ——
pHto 7.3
Top up to 500 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 medinm for Immumofluorescence microscopy
0.5 mL 2X PBS
| 0.25g n-propyl gallate
5.7g glycerol

6.10. Procedures for preparation of frozen liver tissue 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 supernatant is discarded, and the pellet of cells resuspended in 5 mL of
HC-DMEM. The washjng 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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6. 10. Procedures for preparation of frozen liver tissue for flowc rnetrv
Thaw frozen liver tissue rapidly at 37C. Each cryovial of |{9dvly288th

cont ai ning about 3 rnL of buffer containing 5-10 X 106 cellsfml) is brought
up to 10 nL at a rate of 1 nL per mn. on ice with HCDVEM The sanple is
then centrifuged at 1200 RPMfor 30 5 mn at 4C. The supernatant is

di scarded, anapedieerpslpraibcodf Smdakdbtubasinspepaatifor BorfrolmiatEontinibl/Eddwedi e
washi ng of the éﬁjﬂléﬁi re iﬁ]gt ed until the sg&ernat ant becones clear. Then
the cells ar et o“’-ilﬁ*d’ agigysd by datang 20044 Saresgchnirom agelh syspessicariSer
using the trypanohhue THY B18%ilekhinditd dbsede ndddgg.Cel | S are split into
fractions according to the 46 f9 July 2004 experinental protocol. Standard

tubes are prebar edEHrOdgintlicell susprnaion svkichicansigs tfatmsieinnd ¢ontrahetlls. X 106
cells, usual ly achirgme ' . for each,fr-oma ension of
5- 10 X 106/ % ThrijcgF oﬁ?%okg%é@glﬁgg%d%ﬁ%%gmgr eﬁ%égd@d:ofﬁl%sﬁ B nal

cel | suspensigycophorih ACRIEI0SI DF @6l vipbmidac dAReRdtve lis @ &JobiGail 5f BIT(-labSled! ONE
for conpensation adjustnents. Add 5 pL of FITC | abeled anti glycophorin A

to 200 pd of %1334,61 ped §098. 7 i of sachdatp 280 pkofgellpckt ai | of FI TC-| abel ed
CD34, CD38 i nt o | ) | f
conpensat i oﬁnﬂdj us rrg%{l g%oﬁg%ﬁge%%dfgo%ﬁ%rg%ﬁ%ggf fc(slg{ﬁpthgé%?ﬁf@a% n%ﬁﬂlc()/lr and

add 30 pL, ofHCHDMEMarDAld30uLaff tietol 26P uL-ofGeld). 7AAD al one for
conpensation. A good signal is generated by fixing 200 pL of cell

suspensi o wiPh 29AH? a¥o8% frlcamRsnsation o Erehsigra isgensragd byriixinn20Mtz AAD and

P . Sl : .
PESS mod. - Thetpuspeh bR SAAE herp bl i RRCHRLALS B, of MEEMERLADabS,
for conpensatd gh oP8&eppknt (0% shpont) t6 alll 8L (Y epionadfahdsa lceldsiy CBSSmed. The '

I ncubated for 40 m.p in %% goat serumto |abel the cell surfaces with sheep
| gG The celRegmegbdized eslisisiaim piopsely Wit 5 conj ugat ed donkey anti-goat |gG

(1: 800) for 50 M5 GineNrRoRbARRinCI00GATBE AREH haﬁ-(z%Fbeﬁnaﬁ&‘h de)oite

artificially i'ntense signal is generated for conpensation adjustnments. 200
pL of fix®&d de¢ubgted Tos #hmig i 208 | soetsponm) to labed thereallpsmriacesfwith st@emilgG.i The %o -
sheep serumt t. . i,t ] ) [ s are
t hen i ncubat e%ﬂ%/\ng?%eﬂl\l}@bgtgélh%gy éggngliﬁ?@gf Q%%p %@ﬁé@%?é@@%é%{mﬁ'or 90
mn. 7) AMCA/&y5 xMCAodlsne foncapneatibnxéd wiltdd LADa & antificelty yidense aipdal is
perneabi |l i zed 0. 05% saponin) cells wt - conj ugat donke tj .sheep
36 and Oye- PG dvRruRTeon A, 20GH PhixehodR (2 s bna
| sotype cont rl scubdtsd'Ri240 hinl ih 2WVHeBp SerBMUS SabeDiEe JRfF sa@ited! §ah ShadpgG.

20  The cells are then incubated with AMCA conjugated donkey anti-sheep IgG (1: 800) for

90 min.

7 AMCA/Cy5 controls. Incubate fixed (2% paraformaldehyde) and permeabilized
{0.05% saponin) cells with AMCA-conjugated donkey anti sheep IgG and CyS5-
conjugated donkey anti goat IgG for 90 min,

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

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

30 min as controls for antibodies used for identification of albumin and alpha-fetoprotein.
Continue with incubation with Cy5-conjugated donkey anti-goat IgG and AMCA—
conjugated donkey anti sheep IgG for 90 min.
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a nouse I g& FITC conjugate. Concentrations should match those used to

| abel anal ytical and sort tubes. 9) Intracellular |sotype chiyppao4

| ncubat e fixed (2% par af or nal dehyde) and perneabilized (0.05% saponi n)
cells with non-immune sheep 1gG and goat 1gG for 90 30 mn as controls for
anti bodi es used for identification of albumn and al pha fetoprotein.
Continue with i ncmmbﬂﬁmpmpa@jﬂoct}mw@mﬂe@h ofcmketpdadi popgibrions epBressiig AMCA-

dd 004
oL 0.5 230 B o e Xy S i B s

particul ar cobidlsraes fesuspercied G0 mrdfetammg\bjffcabdmpﬁsbésEHCngEMGnI%IBSA'S@ 70 X

106 | f t buf f | sed of
HC DNEM 3 105 B0 T8 TEHEBRABS M Frctyr BoftsenS ot &S lasselot FBIH R 25 pL
cach of 0 3UCETx o Qs e oo (gL AENEs sonkile £ L0) el o

according to cell number s (nor mal | % Et L of arm ngen anti body per

106 ceLI I's). Aneimsdly3 rloofPharmingen apdigedy peatl0X 10 oBligi |&uﬂib@¢v toget %GOT()hrtdedn A
Stai i ng- waar2dro.Slolbh, eBfopretifans il o0 11580 Bultn, Sk foc ' Byn ORLE il e’

in PBS for 30dark. nAﬂwrstauang Wash@elldtwidentithaldB5 §-ulodrang fiaiwithrt§o j}mfcmahll:lelﬁ_,det | ng
For intracell, ﬁg}g nin of cells for analysis of alpha-fetoprotein (AFP)
by flow cytol Fff%de SUspenS| on is perneabilized with a solution of
saponin (f§ gna $4521) 0 05%in HBSS . nod for 10 mn on ice: Cells are
then bl ocked in a solution of 15 HBSS, _rmd containing 1% tel eostean fish
gel and 0.8%BS a dpiracellulap staming for oell saeting 1 o) | owed by incubation with

goat anti-human Ali%rmcam%@taﬁmgl offvénaifbrahhm Iy ﬂﬁﬁa%ap%c&@@m B} A6k ng

buffer) for 90 min at roomtenperature in the dark s are -washed tw ce
wi th HBSS nodytwateyithe erll Qspusien msanesbilised witk d selytiomef fepanin (Sigine §4521)

Y5 conj ugat elogipnk eSSt hiod 18 10 %iafliceM eifsoile UHA! BRCKANCY Aliiby YpeCP

lgG for 20 90 mn. Alternatively, owi ng the prinary an ody, cells
are i ncubst edIBBS modytantaining foacleostdabifish gol anddb3tk BYH@d(0.00399 Gafoninbfoo@Ri ng

' dar k) i oSl SRR Nt R Sy it RRE g flen R 45800, T

gaggg}l n and t(lbeuh i: ssmingﬂmkm,ngﬂ&r)gfo% 9@:&:’3?. aP fooii teﬁpt:xawrdimm%ﬂcgﬂblil(lgﬁbe in
6 saponi n - D m,nutes.a e.in_ dar
i ally- ool reehEb e it S mbg SRR PR St RlaS b ipaaten with

Cy3-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 streptawdm!CyS conjugate in 0.01% saponin/ HBSS-mod for 90 mmutcs at room
temperatare in dark. Finally, cells are washed 2 times with HBSS-mod and resuspended
in HBSS-mod, filiered though a 50 pum sieve to rémove 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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in HBSS-nod, filtered though a 50 pmsieve to renove clunps of cells for
analysis and sorting on the flow cytoneter. |If selection ot9 MM@%
progenitors is intended, the immnosel ection includes 30 renoving cells
that are polyploid and/ or express markers associated with mature
henopoietic cglls fr the live uch as qgl.ycgphorin A on red bl ood cells.
Addi ti onal |y found pu a@@ﬁ?"gﬁ"i ﬁ&“@i’@’ %Sﬂﬁc‘ﬁ‘di“&ﬁg?eﬁ’f‘eéé%dﬂﬂglﬁf%ﬁs° math
henopoi eti ¢ cmbfugs meehtismabxdlishich ng retbie iG hasso Glelhae Geld biverEtin&igpat i C
cells such as conne?i n : V\@ﬂ{ceilE IS éf 19 July 2004 found on -all

hepat ocyt es antfidsiof Fatgr & epdethelip, are. all jemogsdsr essi ng markers associ ated wi th
.mature nmesenchymal cells, such as retinoids in hepatic stellate cells or
von Wl lebrand Factor or Factor 8 in endothelia, are all renoved. 5 6.12.

| mrunohi stdcheni cdf-1%t dmwmunohistoche staiping of sortedgell populatipns; are st aj ned

for al pha-fetoproteiR aé %eartaug,ﬁé- éémoér '&3%%%%5%;&8&%”@%5%

The sorted cell , fractions are ¢ ected 1n O. tai ni ng 1%.

BSA. Upon r et @ftomater. t Bae patsd call dragptionseary odlipoted gh 0539k IFER3Seniod aophining $§%
adjusted to Vi 0 §"EI< n ' re s ont o
m croscope sllﬁ%g's gﬁ%‘nra (])tgg%e;ﬁ%éﬁéo&tt%sg?lﬁrggﬁglatpg%’éﬁ%%ﬁé%c%tao |osgerc11 tsc’l | de
prepar ati ons pedaiors Hitadlisnil stl@0e gL diqubtaasr spah antl wigrdsespeallifiawith a

f et oprotein d/or albunin. The gftached cell "disk" of fhe . .mcroscope
1 o ar o i agundon CHOSPT Bispefts. The Paomin ditsereraitn 2o fisArsp Bid LA G o

i mmunohi st ochpi Galinife IGCNpBa-feliptdiis A0Rr aMAkAH Thet iashddUddiergifk™ epveal t”
10 MM Tris wth 0.9% NaC at pH 7.4) containing 0.3% Triton X for 10 mn,

fol l owed by 1®idiesAoRenslidezrg Bpgedayith Fylbendamedo peasure agiwelll fanaplisaticadofi n
10% r abbi t S epiifoRfifadhdtidal égrén&ebﬁ&%t ol m%@‘u}}'f]éfé?qf‘lo%%iﬁ '1@?:#& ribed

above for 90 mn at roomtenp ture. After two washes 'in | ow sa ris
cell's are incwliaf&d Ne6l #tipfht.4)aconthindeg)@.8%<sTromiXt for 3 miin, folldwddibyal) MEPin

ant i body iyt e : 100 in bl ocking buffer containing 2% rabbit serum
Two washe%sdi nﬁgf{rslglsttl%ﬁ%lgégf er are then followed by a 90 mn incubation with

bi oti nyl at ed r abbiGellantd thgoblocked G (1% 240)t sernamblontaited dn b wldosteampel ibdankidgenp: -
Final incubation. wih st t ayi din/ A C | e 9 / in.lowsalt, Tris
butfer) s nstation deftued S8R For einin A oosk SelRieralinty ARk ot MRRy Y ¢ b
AMCA f | uor ochrexTeelisl ded inidibaté efermiyhtadt @idddgadebiC wah tpoboghti-hunizel AP afbelly
washes with Tris buffer the cell {])reparat Lons _are allowed_ to come close to
dryness bef or‘%‘l"é‘iﬁlg’r L1005 Hgckingg ffe&!f’oéﬁi"i“fga%‘@ RekihesTHg: nEYP W‘(BG.IQSTPS
n-propyl gal | @iffer akedthen fElloPled 97080 Wir thedbaibn RER) biotRRePRBEPRAG 3b& 186! | S

are doubl e-stained for al bum n® by including a Texas red conjugated rabbit
anti human antli298yn Mkﬁgtbuﬁfpbahqumﬁgrpp.-t fmal incubation with streptavidin/AMCA

complex (9 pg/ml. in low salt Tris buffer) is used to locate AFP-like immunoreactivity
- through binding of the AMCA fluorochrome with the 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 including a Texas red conjugated rabbit anti human antibody against albumin with the
primary ai:lti-fetoprotein antibody. o

Contro! 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
anfibody 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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primary anti-fetoprotein antibody. Control slides are prepare é om ssi on
of the primary or the secondary antibody 30 to demonstrate T/ 4 abel i ng
of cells in the absence of either the anti al pha protein antibody or the
bi oti nyl at ed secondary anti body. Slides are inspected with epifluorescence
m croscopy using UV excitation of the AMCA dye which emts light in the

bl ue (450 nm region. 49 19 July 2004 6.13. Liver regeneration by neans of
cel | and/or gene 1def aiveh b VB HRbaleSe (TR EnPlidEkly 0o aPP! | cat i on
to treat diseases such nson syndrone,
tyrosi nanem a, ci riliodgivention basognmediaté Hracticsl hppheaﬁou%paeattdmeaseacwch dsi ver

failure, chr e hola ti epat.onal
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Mot ade. Al agrIePRoRplatieg AeTHOmPe, oBp PO, cdaRalb RN, be crrRR4fioai n
defi ci ency, atuéred)fcrmhtehmw‘easbs of, thisfenilb kid bthdrGreley A ERRplestif hivey diséé&éseS| a,
Byl er di sease, E‘i}r‘]‘ﬁ EE‘E ch as xtrahg’gatlc bil e duct carcinona and

hepat ocel | ul & e 3 cpnlidates; fop é““ﬁ’é%s?@wlu‘j@ﬁlﬂﬁuﬁ Smﬂﬁ‘mﬂ%rre
| t
0l ycogen St alamelelied assust, aEEAE9RARS m%ﬁﬁhﬁﬁv@mpﬁa&

hepatitis B, hepatitis C, ~ hepatitis transp antatlon,
por phyr i altcutsypdameahiliary afsesigniyler Biseasaraancess such gs exsrahepatic bilodysh paricimoma

eryt hr ohepat i S5
di sease. | nboa‘rﬁfl1 }Bgnet }lgﬁg%ease%’%%a{ ﬁé&Pg\%mg’re g’ld;f%beé?gr}ﬂ ?’abg(ﬁ%{%ﬂvxel | .
For exanple stcgaeedlmswj l,sl:emglthe,ri}dmoehmmamSﬂ, h@um)s As hemtidied, lhypamba(hy S

inability to 0a AR not . tr ated ear PKU

| eads to bralh;\éﬁ%% nerf@% 7 ﬁg’r tﬁa&sﬁ 1y °£r P?‘@P%ﬂadﬁ 57 . tag s]b"étﬂ?rﬁlb‘ﬁé‘y

| ow protein dm:ﬂoshe@rmopo@lyna, tripthrdtiepsic, Rl ssyfdirotref sclérdsibd @hol@fitis, and
esent t] of other target genes and

| abl et
? Xg: r ar ele]e?t reaﬁéﬁf’“l ?Fe E%sgﬁgeticn@fea%?ﬁe&pa‘h%i‘éfﬁr arealso pprscible as opell- i a py
i nclude, but edh@pROfenkiidditaAst ftenylk&t8nuria PEKUS iseRbRl b9 aMabY NinkRilly tb ke the

hyperchol esterol em.a, the clotting factor %t)anes for factors VIl and I X in

henophi li a, taﬁén%ﬁ%ahfmy&#mer%gi teafdirarly P i nags torhiain epéngrve Aynegeasidne
hydroxyl ase ggagall MQG&hYL&k%ﬁQPfo rofe}Cdied ¥Y gilﬁidﬁeinttﬁéaﬁﬁ? eaérgfllg’é?s ggne in

hyper ani nronem a, and conpl errent pr o el n genes 1 n-various
conpl ement wplyjetailahle reatment abpresent hulnaﬁxammft& af athsr pirget genve guth theirtelatedor

(uPA) Caraoactuv\é@a,@eaeésfftﬁﬁ‘a&% 126 BRS ﬁ@f@grapfﬁg@ﬁgfﬁgt ﬁ?ghto 1@9&&9 4 3l

vector that expresses human ur 0 P naseé Trom
Ad- RSV- uPA i d.1¥ormeeptacgend imfanilialhypethmldserolemdiac the ldotiing factor genes for factors

VIII 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 piasminogen 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 I, ornithine
transcarbamylase, arginosuccinate synthetase, arginosuccinate lyase, arginase,
fumarylacetoacetate hydrolase, phenylalanine hydroxylase, alpha-1 antitrypsin, glucose-
6-phosphatase, low-density-lipoprotein receptor, porphobilinogen deaminase, factor VIII,
factor IX, cystathione beta.-synthase, branched chain ketoacid decarboxylase, albumin,
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regeneration. This gene is selected only by way of iIIustratij)n ﬁ& any
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carbanoyl synthetase I, ornithine transcarbanyl ase, arginosuccinate
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factor VIQ 0 t ' tia. 2y I ain ketoacid
decar boxyl ase,lﬁgslebglr‘rlika}éd g%ﬁl‘géh g‘?%ﬁﬁﬁ%ﬁvy er ytf F’Og‘%ggfei{%%‘?%geﬁg%%e

propi onyl Co&a®axHigsey hepstc phesphgiylasel phegphorybsa kimase.aslycing |detabyryldse AH-

dehydr ogenas LSyl L. t 1N, . ucos, .uvat e
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I's prepared der Hunlaha®a is Flepardd 32fllsks. Hi el B2d s HLEBI/ARAY 1B duld &Hat
cont ai ns th(eﬁgrot eg}g %ﬁdl n‘gdjge uence_l,sﬁlﬁgi_erted nto the Hindl11/Asp718
sites of pXCFPRE™s i Eycp fAliDg SHIUECE fip ity the HondlypspH sitsuef B3¢ elm
Virus LTR ( RuMer pheofiliseiptiodl boaRoli¥ths RaHS SdcdEVRAVIAR ®SMWMpborlETORE

pol yadenyl ati on signal. One skilled in the art can select ver

cel | - spedPf i EPyieamAf the bovias eroyvth bormane pelymlepylatinn signsl. Onehiled imsth\art can
pronoters, QRgaabivk : ' - zant i frypsin
pronoters, pyruv z;_itveIl %uﬁggﬂ@gﬁ%rg %@%@gﬁﬁgﬁgﬁﬁvﬁ’%ﬁ@cé%%&@ﬁ *hase .
pronoters, t ﬁmﬂéﬂrﬁfm@ﬁé’rﬁ&m promaterssipigrlemititrypriopotmetess, pyruvate kinase

Fi b nogen. pemsferb SRbETel Tfiie GRGIRIER. HRRIRE, tonfBlin Tpomeiens

fibrinogen pronoters er surtable
prepared af t émnstigretinapofnetts, Giphaifetoppiid Proumters, haphvafitiaiogete praicttad and

Ad- RSV- uRA. e.screening for Ad-RSV-uPA is rried out by anplification of

i ndi vi dua1€ pggla‘ﬁi’gn?ﬁ?“%%"’é“éf F@‘.’ngr‘ﬁf“@’em@&ﬁ'é“‘é%tpé?m‘i’t‘??ect i gn {Tﬁe super nat ant
is tested for inMenaheds prparkeatid serdabRcton Wkl ﬁm%dfmé){}écwldékiitgﬁmgd |
activity by fi £ \P— I aq@;ﬁ@asgﬁ/, 20 denpnstrating the catalytic activity of
uPA produced‘%ﬁ%ﬁﬁ REARS ACTERHIRE fPh Ad-RhEuPH Jis | ¢arded outy by “amplificatiangof n
aliquots at jidfiduafpRlqdesas RbY calisl UtiRe: Wiyk gﬁ%ﬁ%%m@i erftdthfVis tddted for

injection. The viral titers are determ ned by OD neasurenents and standard
pl aque assay MMROIREGHE Feagive WA &y BIH8A \aad dibrigolytic activitmtbyofitrin plaque adayout as

descri bedgin i P | 0 r.ekn.o of
refer encg(.) Tﬁéer?(\gl\nisﬁgngsqh %E%Qﬁ“%\%he y%?@P%ﬁa%%E%P%l éﬁk%gyggf ﬁfef:%orr%l ’gﬁ‘% ce
aged 5 to 6 medled Yivadkstord limsiquatont €8 'CBad fidshlp diluted/)ith HpDMRM sedid n a
specific pathagen ibjebfor®™hd HUHss & 108 Hifed by’ 6D RAIR Gt an it

plaque assay. The construction 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, secipient mice are amesthetized by an

30 intraperitoneal administration of 0.5 ml 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, IL.) is insested in the
portal vein and perfused with heparinized saline. Thereafter the cannula is tunneled
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time periods are obtained from euthanased mce and |iver progenitors are

I sol ated as disclosed supra. For portal vein cannul ation, 1 ‘l‘ﬂf)' m ce
are anesthetized by an 30 intraperitoneal administration of 0.5 m of 20
ng/m 2,2,2-tribronoethanol. A mdline abdom nal incision is made and the
skin is separated fromthe peritoneumto create a subcutaneous pocket. The
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this exanpl e.P%gﬁ?tl %c%gsngﬁaeget“? ﬁ’r\ssﬁag’rﬁ’ieedé‘%ﬁ c&?&e g‘ﬂﬁ‘#&ﬂ?ﬁ%’&ﬁéﬁ‘mg@ﬁ?q%r or
di luents, or ciyertoyditudils, OF aify 6 oV@hY dSEP SitehR GhalEiing mitioS4rAEA! bdags, S,
beads, m crospnes, m ¢rospheres, vesicles and so on. | bi ochem cal and

hi st ol ogi cal ZIFHISPRFS MYFrasESEes. OFTiRes #ASRPY nj ection of 15

adenovi ni s- i nf ect ogh Rkl LAY aH:baBall Mayels e Bbikdltnel Clsibr UGN dehe
cannula. The ELISA assay for uPA is based on two different nonoclona

anti bodi e¥ di 3deeviys-fegtadskepatic, progenitors it therrpriabveiptteroughi thei cagnonmdibe of
uPA. One of t G ' | i ‘ I L0k QX : um
total protei nﬁgﬁgo%% u%pﬁb%?gbg%g%?gg c%f?r%rgﬁc%nﬁglo}f%uatﬁ]%ﬁeg?u%g&%ﬁgégﬁél}n t he
clinical pat Hbecfgiyticbut weeptirdindingdarsdin of WPA.a@an of theusorionlonalt dneibaespisr t al

vei n of C57 lce.4S_kn tq.resuylt.in transducti.on of 100% of .
nepat ooyt TR i pof Ay | oG dpre, bt AR B e selieed” B eontiage
dose of Ad- RSuwtanked methodstis thiercligiddbpatholagly ildbpratdiis. Bifudi@asftadembviRas fnto\Bs
rel ated tg henoryhage | ower .dose, of Ad-RSV-uPA is used, the

nortal i tygor atRer "E'r“gQE %6 BUESIR fRoWR Lo prubm wansdyction ofi 1999 of hepatoqyirs,
regener ati on wtp&lord"®iah 9. coph @f ia0éneSirfl DNA R cBEV-TuPAah8 Fbie! 8¢ AOLRI@RBAENt
25 el evations of serum uroki nase reaching a peak val ue of about 350 ng/m

(70 to 100 tTiedts P moptakiny shat atlerstbrratisvasadlaied jo eginrhagsy When lewendaser e
falling to bagkiREVAPA 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 endogemous levels) four days later before falling to background
concentrations by day 12. The rise in uPA is also associated with an increase in the
seram 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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of radioactivity incorporated into liver DNA 30 is determned as a neans to
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pytmoti ¢ and Laschew dfl hofahé LSS -inhdiflf the ppl&eﬂ&y%fa&hﬁrfocéﬁ- YeidR,0val
cell administration there is evidence of hepatic recovery incltuding the
presence of nidterpgencnd size gémarlat iand, 2 nhich alecrigend usflamaionyf repctivinewith el a
much decreaseg inf) ry. [re ' | t] c s. By
three to four&jeﬁg“eq%t,ﬁ&]t]%éﬁf’#?sl fﬁ%{ﬂ%&r égs%’P{/(e@&ashgl%tq ﬁ@%ﬁ“&%‘“’ggﬁggﬁ%ﬁﬁr mal .
15 In total, 4ppesenatuatli es denonstrate that uroki nase expression in

conmbination with e i.c progenitors induced significant. |iver parenchymal
oIl Fagefior at i on Iabil tesd SHEET desfooscy B FoIRnR Reprelieh i, olbinaBoh RBER) T
enpl oyed to Chphtiojbgentofamiucedsi HEReinPRYEr ParPichg@al deDrégeh&aticii ed froma ‘
cadaver donor. This process will provide a |arge nunber of cells useful
for further nedical purposes or bioreactor by itself serves as a ‘
production unit fq1di @ig@a&st !y useful cell-secreted proteins and factors

that can include, but are not limted to heagtpcyte growt h factor (HGF),
i nsulin-like growmh higktprrformancg bioreagtpo{HPBE) dis| pplogest der srltivaig dwman

factor ( ), : I ' . TGE- ha
e St S PR oAU AP B AT I R0 BB Lo Al
pl at el et - der | maubegodwelts isabi dor fuRDERRedicd pomotes gr dirbactardyortself3EF)es as a

granul ocyte

production unit for biclogically useful cell-secreted proteins and factors that can include,
but are not limited to hepatocyte growth factor (HGF), insulin-like growth factor-I and II
(IGF-I and M), epidermal growth factor (EGF), type a and type 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), granulocyte
macrophage colony stimulating growth factor (GM-CSF), vascular endothelial growth
factor (VEGF), prolactin and growth hormone releasing factor (GHRF) and various
hemopoietic growth factors such as interleukins (IL) IL-1, IL-2, IL-3, IL4, IL-5, IL-6,
30 IL-7, B.-8,IL-10, JL-11, etc., erythroid differentiation factor (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 celiular factors refer to a secreted

protein which is selected from the group consisting of a cytokine, a lymphokine, an
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adenosi ne dear n| na %m{hn%g%r n-1ike growh factors (1G-1 and | G~-2),
rregakaryocyte gand (MPL), thronbopoietin, or conbinations

t hereof. Wt hout IWmdlbutngmtmwg tohthis gaarculracpiomcolpofcgrmmg cells igradvipmarierebther i n a

and can e catPIymat st B o1 Bt X Fuflh SRR R B G e sl 201

5,998, 184; 5, ise7 0.6, ®22, 8bs(; 6,005585; 72998,188; SHBI60A; FH2RETABI5T71,720;

2. 760,028 as MAGHIEESAIEA iR esBs R s nados s 0 ienh e dl: o
contains 450 éﬁi¥‘%@@8'a§h&§ﬁ:ofdté2ﬁfe&u5@w&ﬁbﬁ&@fcﬁ&h¥é ene fl bers 20 and

details on other paraneters are found for exanp

5,622,857 as | ncoTlﬁﬂ)lﬂat?@cﬁeﬁ@P eppfaipy 45@ )0 &P ‘icg\‘]@?"eﬁ'?,"és S&P‘Plﬁ’fal?ﬁé‘:‘ies@?eé? ed
as discl o gd QHP{&‘@A&#G ﬁ%ﬁ&éﬁé a@?&ﬁ&%xse)éﬁﬁ)leoﬁtﬁ' sedaf N85 gt Ber a$l 9B

Chem cal . ogr es. Attachment nedia for |ong-termcul ture
media is as fmcbmtemwmewowgscbrqmncesoCeuﬂare imlated-modisdosen) aboye-utAlhi ne;
1x Penicilli n/stre to

Lx Peni o |11 1 SL1.o8) SIKEMD e CHLAN ik STIA2BnbIERE o, 101k nddils!

nrum
Attachment media for long-term culture mecha is as follows: RPMI 1640 (500 mL); 50

mlL (}0%)'FBS; 4 mM L-glutamine; 1x Penicillin/streptomycin; Gentamicin; 15 mM
25  HEPES; 10 mU/mL Insulin; 10 mU/mL Transferrin; Selenivm; 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 fmm distributing
throughout the ECS. Viable human hepatocyte progenitors are also moculated 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 pm
diameter, the cell-to-microcarrier inoculum ratio is about 500. The apparent viscosity of

cells and microcarriers increases rapidly, indicating that cell-to-microcarrier and cell-to-
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flushed with nedia for one day before attachnment nedia is qu g AgOO ny
of preswollen Cytodex 3 mcrocarriers are inoculated in the M\é O%hnul ar
space of the HPBr. The oxygenator fibers cradled the mcrocarriers and
prevented them fromdistributing throughout the ECS. Viable human

hepat ocyte progenitors are also inoculated into the 30 inner annul ar space,
and t he devi el ratedhatbnnale ipodcatdinl impidiyaod mormeatlyl eWdthiona 263 minates of) thiof
cells and micr.ocarriers that the hepatocyt.es, are between 10-20 m
i anster . 1 nabRER A 5ere o0 3h P pl ot B Bt 48 3 et e race
apgar ent vis ﬁ%ﬂbﬁ/ﬁllg?h ovérighSinaibdsion ﬂBOC%Iin’ ateEEmend gié’leﬂifgﬁﬁa sm&ibhl Z?g?osm(l)rll)

i ndi cating that ce o-m crocarrier_an 0, u ce
attachnment s a%msqleee%maqatqlagg %\Hﬂﬁ&ﬁi&#!@ Tiipe Kplpmgs &e Sorimitig o of
this mXxisng agyda§ ek BheskaIRA 1@fhe¢aﬁ|c|a§ s@RCkabilyCthe gkt So e deSiFdiBevdlNThd 1€

I nner annul ar space Fol  ow ng an_overni ght I ncubation at 37 Cin

at tachment mégpoqytes age Qiltter &y Yookt it fErnh media applicd 49 teisystem iegfdy- The
| ong- term cul fusenEedicol of e ccﬁpfs;ﬁoﬁﬁ%rémsf 136y Bty ah?és' NGfede's FeBRY WY

as one skilled in the art can sca easi | pr oduct to the desired
| evel . The 0% wegrersofidbleclls @n@aan@nmmekiyevedﬂbwher followingetpeedarspl i ed

to the syste ol d by
testing dail ;/Big% llll%sena-ggﬁpﬁ&ﬁ’? ‘k‘&éw%ﬁ/@%gﬁ ery o?luw atglsﬂelgige Iés&sgnd
m crocar ricer sind shedfPBeivadatoy farHe n nimuhtbs;vhcrugntpntmfelduﬁ(és is e@pﬂ%mﬂhls&gﬂmuse in
PBS m xed wth 0.44 EDTA.i S use ECS 0 an t he
oo | neubat dibi aSvries bRios? pRESE o FerbREs phf b ! Al e B0,

sterile air Iﬁﬁtaimﬁcmwmg&hbcaﬁﬂd%bpaﬂtbds process i s repeat ed W|th Iong term
culture nedia and the materials. c %H:E' washed, and se%ﬁ at ed. e..BPBr
uitable %\ﬁ t &

is equal |y suitab/TeeHFBr eequlty xpbite Apd eqaetin fcw?w MEells
(e.g., HG- geps. igfeéﬁ Fne lesag});ssm]irerﬁecfon B d SendticRnedital pioidoMiof &lchl@faﬁé ocol
ep

for anchorage endent ce SW480 P3 ATCC #CCL228) at can
be appr opksi atcl@pgndn@cnem tecE-aFY 4§BtPﬁrrAI Blat saicke sppERPEGiseRdiSEd g
culture wells,, I 18%dd [ th 10 -
kD properties arg ﬁ@erre@“?%g?gﬁ}% E%ﬁghl %P@actorm%g@déésgt%gg%n

much t he sanennimranErMaba ﬁb@o‘nﬂhﬂéddlsmppmw@ﬁ m@l@wedLlnrﬁleHBBarTh@mreactor1S
(Pharmaci a, sgl d .) e cul

anchor age 20 Oé’gbendgln cell@ rikfgbroa raaﬁéegcro 9 4u¥fa r‘?tst?c[elxeg %%%écggm

i nocul at ed i r(Pba:hiae:aEmddfy Sipma EBREnicalr é:u.glang mda;iynus&)cﬂ)fm;uttundgxh@hbragel | s
or higher as de ed. Th nmended . c o-microcarrd.er in ratio
5 7t hex a repistn arbSE PRyttt e g AP o HOREY HHE T
this as desi rigppr, m@r@qwncq;cw teqmm'ifcsmwhi%ﬁertdsrdeuehoame&mnmeasd calnt  at

about 10 cpm (or, greater). After culturing the cells fo ou ne, day (or
more, 25 depéﬁdi“ﬁ@cﬂ'ﬁeftlﬁé"“ilﬁ%é"rupllﬁmc@? range ghahonh 10, althque é’H?:é‘“i@iO’&tt{]%F‘%ed to

obtai n effi ci @ftmodify this as desired. The device is gently rotated throughout the experiment at
about 10 cpm (or greater). After culturing the cells for about one day (or more,

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 the transfection,

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 appropriaxe, and continue

to culture cells as before for about a few days. Longer periods can be used when
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transfection. The cell-to-mcrocarrier inoculation ratio i s}ﬂa:?j u ﬁgabl eto
positively inmpact this tinme frame for therapeutic and econ "Eyé ¥4 ci ency.
On the day of the transfection, prepare the DNA plasmd solution * (e.g.,
pCW), and cationic lipid solution (e.g., LIPOFECTIN Reagent, Life

Technol ogi es). These reagents nost be serumfree, even if 30 the overall
process r equieaxpsndiige pErmasaEntly crairogaed) pellsM Kaxpy rasps Mo hemeuen tsirutae SfoathatDNA
and lipid SO|&Jti ns tryﬁg inject the mxture into the ECS of the device:
After about aefce“??e P’(')erwe & several ) hours of transfection, resune use of
serum if appropriate, and continue to culture cells as before for about a

few days. Longer p 'ogs _éa.n ?e used when 55 19 July 2004 expandi ng

per manent | y transfﬁﬁﬂs st%ar vest cens | -a-manner similar to that
descri bed jrevi ousAsyan Extdfxion bt dfove leaém;{ne \RE sRilleS ifMhed i @RS ie@illyOidopb Mse-
exanple one skilled in the art can_easily adopt the hioreactor as an

ext r acor por edtomegier jag Ay SplracrRoges] dippatice SBPROEN SpiteiRt Atnekansplaatation (the
transplantati j . | @i t age -
of “donor | 1 ver Rt B AT, YRR ERERLGn GP alily B B G WForshes
t ranspl ant i ngpyawsingainimalgugans Atpotentl er ofy rapsplenting animahergyis igiodymans,t

infect the d . ' . ' e LDpil.ent . . a
tranapl ant 1 ARV ERIBOVRAR W Fdec WIHREELRNER An 1ol OF @ @
and prevent @aggatamsplastcteipiontst wanld bataking dmgb tesiuppress ¢zt inphdnet dysteinndndct | ng

animal virus. Alternatively, fhe anjml .viru n tate j.n the infected

host i nto a MREPIRE AEaPacisienaty by oy Pairastl i el G The feriis mpfmph Qires:

systens. As aAk&satively, the AfiaD rlOGE Mukath GBS infedtetbhost Bifo @ ForgtthatAfin infect

extracor poreal hepatic support system overcones these drawbacks. Favorite

15 ani nal spctyme8 COBACcH With HOBRY FAMPRCATSIEMS A%t IFeé‘Ht’érf\S“’tHi’awﬁP‘ﬁc AL Yat es.

Nevert hel ess daf ariteS AGl e&ﬁfﬁco}ﬂb?éal hépafic BipFBR sfRinh oRASSEbs Widsk ilakibadks! FatBfitel S
0

avai lable, it is preferable animal Tivers. After desired time in culture

mat ur ed h¥patasépalepeciesfpyiman esgancEasrlanition|are e pigindguimatesy Neyerhaless 3 ned.
Routinely 2. L9 cﬁap a{ 1M | &11%asdd Qﬁﬁ((iﬁvlw r ?sggéaﬁgﬂlﬁ,tﬂ hd br¥reRiufe 102293111131

obtai ned. In general the culture nedi um use or nohe- suppl enent ed
Waynout h nedilivers. To accommpdate 2 to 5 billion cells, the bioreactor is

scaled up to two nt al.nment  ve | ch. W Lt ernal di of 40
nm and a hei ght of‘t&%ﬁd@s r#n“ﬁet‘ﬂ&%“%ﬁﬁﬁg’f%?ﬁraﬁ‘?%ﬂ’%’? Io?yt?%% 1-ln}c‘)aﬁ %@gg&%gn}é%g}g%rf
appr oxi mat el yprageifitvisrercloitainéd r Rauihely 2 ot Bbillionadelisref high 6@ BD%) etability are
cont ai nment vessel e used diumis supplied.,at a recycle r 25 of 360
T GRS OB gt e SO RERrER o B Sompeanedtmeyed REvERah o
oxygen consufgdii@) TatReconi6datd ar®©as biliod Selts)ane didréetdeds lstaled uphep@io C

human recepi ent whose . . ) )
containment vessels, each with an internal diameter of 40 mm and a height of 100 mm.

In this particular situation glass beads of approximately 2 mm in diameter and a total

volume of 250 ml per confainment vessel are used. Medium is supplied at a recycle rate

25  of 360 m/min. The high viability of the hepatocytes is evidenced by the stable oxygen

consumption rate. The bioreactor is then attached to an ahepatic human 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 dysfunctional liver.

A skilled artisan will know the procedures for attaching of the biﬁreactor as an

30  extracorporeal hepatic support system or will know alternative means known in the art

such as disclosed for example in the U. S. Pat. Nos. 6,008,049; 5,981,211; 5,976,870;

5,891,713; 5,827,729, 5,643,794; 5,622,857; 5,605,835; and 5,270,192, each incorporated

herein by way o} 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-

56



liver is renoved by surgery due to total hepatic failure. A{tg& g{lévely,
the liver is not renpbved but instant bioreactor wll help il

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 APSCKE uss ofgucipeglls inpaw pessiblyg Ky gxamplg divepdells fonopigs 87Hrimates
5,891, 713; 5, §4t Zﬁ%suﬁaﬁéﬁxz&ﬂ ®eb22,857; 5,605,835, and 5,270, 192, each
i ncor por at ed heregl n "by way g%erence inits respective entirety. It is
evi dent from such BbIOérfméls left featoral arteny imdiréchdddintal 2 Minngech hetbeonastrarnt

necessary |imyt o] e 1 004 speci es use of
such cells is nggv%nﬁgg%ﬁﬂ %IR—S‘EA exarrpfg‘jd mt?l Ve emm?f?ﬁéer?ra& cB‘i"‘begt%gf‘ Brlllﬂat es

are equal | y s&ViCatubimgftothethenmoongssratds (e hfamﬁmnbémrat@fsépai'@iﬂ)ﬂ@bl@ﬂtxﬂtb)h I S

directed into n nopconcent.r.a ri cat h .cannul
i nserted int ocfalhgle‘? @ﬁ%@ﬁﬁegﬁﬂfté%mgrfob g%dﬂ%g(ﬁagho bi‘%ﬁ lllg“ iy to
t he henpconcewd thaf@fioral et Vie ABRGRE RibingA TAE uRLARILA &Eted B hbine&dncédiiaa)rariacel |
free uItrafiItrﬂte fraction, and a_ bl ood cell fraction. The bl ood cell

fraction is rétMinBYC whmennds enigsed, fhe hapatogyts bioreciar| syptexny it dhe figw rate
ultrafiltrat ea@nst&@d; A R/RBRGRR GSBlIdr Fhftp. VA peff&énow ?(Ighttﬁ%gﬁa&&d e

entered the hepatocyte bioreactor systemwth the f justéd to 40
m / min, udPngubirafibitaices prirped &Y therpabientf visitem left jugulsh veine B odenmostoate thehe 10
ultrafiltratej ] T
denonstrate the ]SE)dr:I‘IE)I\)/Iflr %lﬁ%ﬁ(grg?&extepg%:éoglg%lﬁgg hepéitjﬂ érgm ‘%ﬁgﬁlﬁg{s ﬁ’n%'w[ﬁ g e

di fferent chemetblzednizynthet Id)veln,e7—eltlrenwbmhmdnd)9adodamel |amendm1irstctddomy@cﬂnmari n
and | idocai neHltx%ﬁ.ﬁra?e Eip the chF otﬁg%fnnltc tgr %p%%ulﬁ,lg% gtﬁa% (Sﬁ-econln?llar% anc{ the

bi or eact or. espect rve
monoet hyl gl yc maﬂyl%dﬂemﬂm%mmm die ddﬂetsQiﬂtﬂcGilsreﬂftorts Before

bi or eact or,s bef or t he ul f||tr te i.s ret d to the pati

Si gni f i car’t? nﬁFaHﬁT"}‘ngﬂ b b ‘39 bt E%mr#lﬁmg t| mefabalise © r'éo':h 7
observed. Theemeﬁy&h@aﬁm%@ﬂﬂb&lﬂéemn@dsé@&& the cBRBl iHeAkd® Hetlonsthfe the
bi oreactor as a support system providing extracorporeal hepatic

met abol i sm  TRARPLSEHRN, af ithsn bipreapine 2| 2 SHPPOE| $Y§CHy PROVIGIRS FXEaGeEPOTsahi Hppatiss
i mmunol ogi cal- I t
mefaB8kdnh. OPhepdrition' R ﬁleml&ﬂ cell O thed 15?53?& \%’Hmﬂﬁﬂ%t Hﬁi‘.{gnt aFne L

Hepat ocytes from human donors as in our exanpl'e l'1ver cells

from cadaver sTeapiPRS R eiRientSo M@G@n@hpai@ypﬁg Bﬁt@ytqs fﬁuspz;l hysesngdonps as ne

bi or eact on,t 0 pr W L
cadaveric cel s o;sh% ﬁ:ﬁ& |§/b2$ﬁe?g+?£%%§&|a§§gﬁ |on i c;s"gcerée?lircgt%‘gg B

met hods of obtias nsafig 1o 8ielbiqreqotor &i provide extracapedalihepati2 Sugponigeni t or cel I s from
tissues other than liver. Exanples of such tissyes include but are not
limted to adrenal gl and, blood vessel, bone marrow, cornea, islets of

Langerhans, bile 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, pancreas, parathyroid, pineal, pituitary, skin,
testis, bladder, brain, spinal cord, thymus, or thyroid. B
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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duct, lens, lung, kidney, heart, gut, ovary, pancreas, para r.ol pi neal ,
pituitary, skin, testis, bladder, brain, spinal cord, thyn’ﬁ.lés]%(u'%?ng}'uyroi d.
The foll owi ng exanples are provided as a general strategy that can be

nodi fied 30 according to particular needs but wi thout altering the scope
and spirit of the invention. In an exenplary enbodi nent, the subject
progeni t or cebigecges owaned BagloshMetiuar @ MERT)U| I HeoassoTiRd panteatkt fdirdri dag- f r om
any insulin- | cl.en i SO | .and non fetal cadavers are used
in these st ugllifgisggu f%‘?r&le%se{g%%fiRgi%ﬁgﬁ%sglgt%ﬂeetﬁ%lwa 8 %Ssﬁfft"t“v( Copys
identified irledi CBD, alengpwith itsaschciated beahched! theansi® paricreatic @hct arel@ed Whised2004
Uul mecco-s Modrtiect Eagles Medium (|1 MEM . The assoi ated pancreatic_aci nar

and islet is‘iave | ZPREOXIPFLY 1300 B, P8y BT 058 PlREnoT Eniniderliyy
di ssect i ons W &t Rl SRBR- cells! MPnebBiecilef e WidntulchSd BRI Wa] t ARGRGSr the

mai n pancreatic ducts, are then sliced -transversely into approximately 300
m | ong ni.cr o-@rytnfastor. gibes ivrthe prepesicel @hlrbsene: of epiagereypeilneyl maitigel 85 aThese
speci nens are, r | WM h It kon,. . . tars,
eitheriin thegrggg{;%@ég&g'r a éscg‘r’lce 0 col%rggrgjn?#%stehgg%lrﬁh%% %é% ,rgtg(’%fag

gr owt h “subst rjatiged 5f the éndorperateon of bromrdeepyoridine {Bedii igo IDNA by the msponding

roliferation_iS .| b he inc tion.of bronpbdeo ridine (BrdU
!Dnt o DNA by tcﬁgs‘r é@ﬁ@%ﬁrﬁ%ﬁ“}c@% S GC%?B’ ?{')10 | eaéldtc%armcgfeegﬁégéﬁmtr(?sf{? Fal i Ze
" and charagpt er('rzze‘;StOllin)g Fieolohg f)eﬂlnrnspem]?dmﬁxdgeﬂﬁy maiﬂbi{i@ dﬂthes?'ﬁbﬁlldlltihlﬂof e&gm
response i s judge the abiljt ese po tions of cells to be

gr O\I[/)m and exjptél&%e%oﬁ"’ﬁ aﬂg F?R?Bﬁ?dlt ‘l'}?/céﬂé:glt“éfc F%é‘%Pé)“Ytd& SE‘f:fé@i ﬁ“i"&’ﬂb#’ﬁ(ﬁ( ﬁd‘gg‘&‘!'or
addi tion. Thrigge diffeiéit @Riwil Fanbd (EaE! PCF-difHa andT GFGR] Mdised fl ditfetdnliar €

used'to differentiate . progenitor cells at concentrations | ng/m, 10 ng/m
and 100 ng/ mProgeaitps, sellsosf ¢pmeentiationst bmgimio]0ne/mk ged 8¢ nglmlpy Activaioe| afng

occurred W t N, aalRbe bE 3isbQBd 8] BRI Wity Sloudred Wil Uathiliaftioh o Hy piiilien @
The di f Bg;' ng/fm

span of 24 hr. re is no difrerence observed, between 10 and 1
dose. Addi% i cgrowth facipr EGFtwithicespan of dddire dereris np diffirence jobsepred befveaentlPon

of distinct cglil %@ﬂuli I arl . | L1 -ong. term
growt h exper';'?llr(%eir%i]t0 S ndﬁ[b g%t gﬁ%ﬁé{tl 9?%%%5’ 9’%2‘?3‘2% gs“t% Bgﬁ arljgjgtiagl *g?%?{ﬁ"#‘gr ative _
potential wi tdfi distidre @BD anddiw elustering of ubesehedlisc aPrdlieninay ribag nexth ignowethl t ur e
ot st s o oG BARIUR B e GRSl Bl o
to the | esi craddferv ik thepatbethdntgihedinrmitulomn@kast2dayss used to induce a

model of hepatitis. Carbon tetrachloride generates free radicals with a
very high®%eactivity by the action of 25 drug netabolizing enzyme systens

in liver cells, aM¢.hﬁ§g&iﬁﬁcaﬁ%mmg-ggme§aﬁ%eﬂ y

d-Galactosamine is 2 compound capable of inducing injury which is similar to the

lesion of viral hepatitis of human beings, and is used to induce a model of hepatitis.
Carbon tetrachloride generates free radicals with a very high reactivity by the action of
25  drug metabolizing enzyme systems in liver cells, and these free radicals can strongly
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, chropic
30  hepatitis, and liver cirrhosis. ‘ '
Thercfére, 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

- reference so as to confirm the-efficacy of cadaveric progenitor cells in accordance with
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depress the cell activity by conmbining with protein of the H}ée]r @LI
menbranes or can cause peroxidation of nmenbrane |ipids of ug?é elles,
thus leading to necrosis of liver cells and accumul ation of |iver fats.
Accordi ngly, these conpounds are. widely used as test nodels of acute
drug-induced hepatitis of human beings, e.g., fatty liver, chronic 30
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rats; which ar'e treated w t rogenitor .cells de tr r

Gappr essi on o EFRuSte etk SERG, of Aftehate i BOT (AL AR AER. vypen
liver-injury é¢onfpagsddvichohé livdr-ifjaty indhead echiisl hét tharatwith HpaRqROLiASs. The 15
results show thuel\t ﬁrog@gi tor cel lf? suppress or, even reverse and certajinly
protect fFom GsulsRow hat RIOSPHIOr CfFUBRIFS OR CY&Y Teerptt e cretainbydRrekeet fromudry t o
the liver. Angalaki¢@aineOdnd caibbh teWhhidHB SR injry B the liveter di sease,

hyperbi l i rubi nem a, that causes excess anmounts of bilirubin, a substance

produced by the |iAkll-yeasoitsidrivioapesenied Wit 2 Breolissase, hyepsbiliadinesia feaid 12
to 15 hours a.fay MNadetmbldid SRk, histlt c@?mhﬁ&atbgqﬂé Pv&, 0 acPiREER Sn

cal | ed phototherapy. After the hepafic cell transplant froma cadaver donor
di rect 1y .i nt chenbloofl ismequitedde spehd Ve tadS howera dsylunderbilmaviadetdights s treatorenid aas
havi ng degl i- r tis a 1S ctioni t e
still has&{ onégceeﬁ&g “abou @%%%ap%r}gyfegq#oﬁr ?n“%h%"?%@‘%ﬁrgg‘ﬁ f%%ggpfl %l‘%sf
application odirecéiylantertier linerpibrtal yeir)gberi hilirubin kevels efeuhoted at hevipg eleditedon
25 and b b @bl ha T R HaofiRg lefgh Yoo A 0\ beRY alPhouk Wik ©

' hours in phototherapy.

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

25 and therapy of liver malfunction and iﬁjury 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 iiver metabolic dysfunction and/or injury caused
by other causes suach as chemotherapy, or drug éibusc, or alcchol 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-theumnatic drugs such as acetaminophen, aspirin, phenylbutazone, sulindac, ibufenac,

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

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

- Anti-cancer drugs: mitomycin C, cis-platinum, 6-MP, nitrosoureas, etc. Anesthetics:
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fatty liver, chronic hepatitis, fibrosis, and liver ci rrhosﬁ. Ié ‘ﬁ al so
clear that the instant nethod allows to prevent and/or tre JyIngoP1 ver
met abol i ¢ dysfunction and/or injury caused by other causes such as

chenot herapy, or drug abuse, or al cohol abuse for exanple. There are nmany
drugs and substapces possessing the tendency to cause liver injury and 30
t hese conpri s& O%FMeh JOE P4 i 6% Eeheyesicc drugsntahjoyprompzines, diazepams,
anti - i nf | amreggials] e ASiursios tRRlides ddeumat.i c drugs such as acet am nophen,
aspirin, phenyl butazone, sulindac, ibufenac, gold conpounds, etc. -
Anti.biotics: am noglegcdns efber uspll pprdisetions ere oluions to shaseiskilled ipéri at. | Thens,
tetracyclines ?Egi- ) i a-SMlf.a. dr .. 1.soniazides,
etc. Anti- ca3 cerlederxl%g@%??%%ygg?%% dgsie%:gglr}%c?lfdﬁubnqt %—3 ﬁﬁy%r%ﬁl rotgoﬁﬁgﬁg,

et c. Anesthet $sodrongpalshalia liyer2digeise; alpbati eantitryprit teficiehty|raatémmehe hepatitis,

Psychot ropi ¢ f.1QS.: | oF.pr.o i wdliazepans,., b Ltals, etc. Diuretics:_
t hi azi des, et‘ij:i.[l h&érscglg’aﬁlg&gt Ee% ir'CP %g‘%fbt??‘ © é’b”&-‘ﬁ“’ggﬂ"{?nguaﬁ' Pedens, Blgse
skilled in thdisasd, Cger-Nsjaeciyfidromex Enolie disafse, cickaesio prin@E, chadanass,
includé but are.not ljmted t.o Alagille 5 _syndrone, alcoholic liver,

di sease, al ph¥PUEaFY| %W%’?FH"’H‘E’P’% %@WB&F ST GISHTRAY ABRASe: Crwtogspici Hy e
atresi.a, -bi|.i disease] debeRs Dibin-WRALNHdoMe] SyihrdhepatBUYistofitbia, SHPHEMIR.

Byl er disease, Crigler-Najjar, syndrone, Caroli disease, cholestatic

“pruritus, hople g ceeginoma, damiliah Ayeeacholgsisralemin, galpstesemia. @ibesh syndrome,
graft - ver sus- Aosgenli S685L diseask P HeREYidmd, l{éﬁochfﬂt&a‘?&%‘?’hegélt?c?g:hg%gﬁogat% "

Dubi n- Johnson” syndr one, " et ythrohepati c protopor phyria,
duct car ci noriigpatpehiplangiis. Hepaemalativs bepatdmeagilia, bepatecarcimeniza he@itbllastoma,

syndrone, gl ‘ L§ea . | hronmt osi.s, hepatic
encephal opat h%/ég Egpglt%g%ﬁgﬁg%g%i i@nﬁgﬁ’gﬁﬂc}%&é@h?ﬁﬁgﬁsbnﬁv&él pagts, v !
hepat ocar ci nomasplirggino biversfatwe, assdeateddwitha Beciilasrpedens) maixed csoglobulivtni s,

i nt rahepatd ¢ . ' hLver sts, Live Jansplantation, [|liver
faiture aisgs oc‘ﬁgiﬂlé%sw%}%hﬁ?@c’h%fa &gﬁéci%%lj%e,hoﬂf i?@?fhﬁ'r%? VBB P 4, pugnary

orni t hi ne tr ehikagrchthogls amfracefyi BtiescRotopsyndasies siegdbsiss sclRERR hdRngHE anea
tarda, pri mar% bi I'i_ar c'k{pir hosi s, refélgctory ascites, Rotor syndrone,

sar coi dosi s, ??Foé’rso§flﬁ'\élcﬁs omes thrombecyfopenia, tyzgsinthemi; Varicedlnbleering,

t hr onbocyt operhssclisive Assk4k8 BEME Avery Md WRsHN didegRdi Ng, venocci usi ve di sease
of thee liver, and WIson disease. 20 6.18. Preparation of Progenitor Cells

This exanpl e provides steps for an isolation of conmtted and uncomm tted

liver prggenitor & li’%ﬁ@dﬁf%@ i ques are known in the art, one
of preferred enbodlli%lrre re ) < g@_g_@@;t ail with understandi ng that
ot her prepar at i on Thisctxamplegsovides stepgfoa lah jsobbivn abtenmitel entumoniniiayd hve

ble w | if | es of .25 preferred, non-ligiti
o ques. st arvrSED N vl BALES o kidnlif 68 pnd 4 biefioe ™

embodiments is disclosed in detail with understanding that other preparation techniques

. are equally suitable as long as they are agreeable with desired goals. For exampies of

25  preferred, non-limiting techniques see for example U. S. Pat. Nos. 5,807,686, 5,916,743,

5,672,346, 5,681,559, 5,665,557, 5,672,346, and 5,663,051 as incorporated herein by way
of reference. ' o

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

isolated using either Percoll or other suitable density gradients such as I-iistopaque and

30  after centrifugation, washed twice with media and resuspended in 10 ml of elutriation

media. For counterflow elutriation, the washed low density mononuclear cells are injected

viaa sami:ling site.coupler into the inlet stre;arn of a Beckman J6M/E centrifuge equipped

. With a JE-5 rotor and standard chamber. However, any of a number of commercial

continuous flow centrifuges and elutriators that preferably employ disposable plastic
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5,672,346, 5,681,559, 5,665,557, 5,672,346, and 5, 663,051 a 5uqc§§§£rat ed
herein by way of reference. Pluripotent or commtted hepatiT; Y density
liver cells can be prelimnary isolated using either Percoll or other

suitabl e density gradi ents such as Hi stopaque and 30 after centrifugation,

washed tw ce | resuspend .n 10 m_of elutriation nedia. For

counterflow e SHEF%P@%%?@%SI I\‘Rﬁ"?ﬁ@%ﬁ#‘%@?@?ﬁf&’f‘? hesHlsPRIptioncap bp psedasush

i anect ed vi ]gasahes‘memvﬂrlgomst@s 6000YIa6d " Avfopherdys (S'néo@d b}gBﬁ%&%&%ﬁoﬁﬁMn

J6M E centri I P& it -5 rotor and standard chanber. ver,

any -of a nunb%?’%ﬁ'%@foﬁmh‘}‘%&&g?ﬂ%ﬁ%&g Gobg apulaeturing efdakewpet, §QuThe at or s

that pref er alvhyicempl@yusb@pesapteon aghdCintle 5. Augaﬁst%ﬂﬁﬁclp.ﬁﬁgﬁgéoﬁe ipgﬁ',eydi ng
aration can used,

chanmber neans for facilitating density based sefp such

as the "FenwalstmeassCiepegolio Proyides eonlingensdionsefelnriating niediym, Behitkeis 0.9%
I nt ti-onal , el dyid Lipos ! de| .. " sal d be.
nt er nat i onalpotifl, safihe DaBRutibe! it L1100 ! E‘g{é/g? ;ﬁgla(?&z n?? ig'%pcﬁg%b%

manuf acturing of Lakewood, CO. The choi nStrune
skilled in tkévlsnediamingletraacetiy adid (BREH) @Ebbe nigidintervits senst nlbomid svithGH cago,

ol i he 2wy ot Pl B P2l Al i Wbl YD TB L el S0l A% ™
et hyl enedi anirtfeéd s aliodn, rotoaspatd CEDTPY amhat 166in nepisbrathioVARE RO WMbR4IRUET N
with pH adjyst The mediumjs sterili rior to use, Cells are
" delivered. at [ége ‘%@F‘g?d'zqe(z)ﬂv‘\?w Fag‘ilé gyeay tﬁi%rﬁ'ﬂ’,’mrggg‘rtg%f?égcfp‘?ﬁd hefshepnsiaet. at
room t enper atther SowAfateg rard S&uehtially ietiate 14 QoanEmER)l 3R elidn, ide st pikniate is
i ncreased to 21? @/gr(}gn V\?ﬁﬁh" Lhe rotor_.speed hel d constant, the flow rates
are sequent i P17 YRR £3°h srerement The ogls thet temain in the chamher/areicaptured
col | ecting 209 tihingitieroBR GHF 4nd FRSHRS the RRSHE &l Lot cFifdn e anber
are capturedéﬂP#@t gnr ning the rotor ochand fﬁtishﬁlioﬁl}gatﬁg C aﬁ%ﬁéﬁe&w&?ﬁ&?w m

of elutriati efion. is prepshed and) genfrifuged; 45300 fora thondnutesd Suiaidle fibctied st 3009
for 10 mput esiecdi viabli® &'ReEHLAE I I - viabi ity is.

det erm ned by tarcy};]fanl .bllﬁelfsddi%e' e%?ﬁlb stﬁggr{égﬁ[cgi dﬁl glgselg%\?g‘?i gr%%enes are
det er mi ned wiletpmiagd wigbealiconnteniGioliites Elactrenits, $hidleah, FH. al eah, FL).

Separ ati on and | ana sl el HBRERRE Bl R g arscia Shaaigsion g 7. 4

cont ai ni ng 5%¢f sspanderhirf phesphaienbufierd alaiaT B8/ pHI 7.4, ednthidingd 59 Ifeth} gdipicose,

ot i at i on S beBbLY A uPval BATED ol hoetneie. mdamecirtiresdy i & Pesinary

rot or ando st emohsrilow egarnfgiluaRRgterhRe ¢8ea dﬂa&frrsﬁ;@ﬁﬂif% ﬁﬁgﬂmﬁﬁﬂgla‘as are
met hod i s ver

el uted at fI?X/ at es b&twe n.2 and 14 mM/mn. Thus this satile
and does not 'AZCIQE’E&P ISW%&@éeﬁaﬁ‘tPélcya‘BPPfo@ﬁWW Bstagnants) asd samples are  The

progeni tor celuted aphivRiddbeivbeh 18 a1 4 Abk. FFHRS RS ILRASEALAN ANE 66! !

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”l;e .uscd alone

30 orin gombinaﬁon 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 anﬁgens such as, anti-CD2, anti-CD2R, anti-

(D3, anti-CD4, anti-CD5 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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25 dianeters in a range of 9.0 to 9.4 mcrons; the ngj Ority1é3ju;ﬁ_26’0£e”5
had dianeters that fell wthin a range of $.3 to 9.2 m crons. ese
di aneters are neasured according to techniques known in the "art. If
necessary, further selection either positive or negative, based on cell
markers is carrjed, ‘8.1%%% A__\ﬁ)ri ety of other antibodies known to those of
skill in the #%ant; 4L P2 antieCD3G8 owerific dermbicells pei CRILB et iapgiCD14
progeni tor negeeiie 1ok RoRocylelCattiiOb S all dii-EOPE U5k HRYY: LAG icﬁielr chi Gntic

h I {)a% Imted T0,

desired to be isolated or "enriched and include,” but are .n
anti bodi es spPH fipe Platslee patiditiae CRIband T psusiifiic £t coting thymheydes, and

el 15" ant LafgRitns B, andEBo Bt 07 bre Bcls, ERGREL B pra Bl SREC b, "

specific for smepific for lymiphoiduiregsmitorerlls,- CIAIL 2nd gratulo@E; bati&D M aS%pdelfiy f&004

and anti - CD20 |z /8, specific for B cells: ti-CD13, and
anti-CDl4 specitrc for nmonoc ;antl - a - For
tonBidbtes: A CDIAR bheclt KL eRZHl, ooty s e (s
natural kil | e€Ddbd sperifiafiod mordosits, feeanuiobptbe et kile# tellelnd hatry 630 leukengnd CD
1 c specific f rcéi)%tic ﬁqurmc tes and LarJIgerh ns cells; anti-CD9
specific for ?ﬂ%é 13 &pgetic fof grpplogyes; antlChve Tospecitig for erepplpryiess guanpesites £ or

| ynphoi d pr ogedi platelese bntB CDTB Apdcift br Hudttitedy AriSCDRN bjerfEiolfdA nRRRS Bldefsf O
| eucocytes; antj-CD| ecific for granul ocytes,. nbnocytes and natural

| b.
ki |l or” cold s: ahEP22 epgeiticofas Piesilsi GYqRMsT B Btie B-asilanaitoEDEs Speibe foral
killer cells amdaBdiBrocisOlnti-dSHK§ILkfic fozaﬁlc&ns%%rmﬂg{ekp 95 ahybagyt es;

anti-CDwl7 specific for granul ocytes, nonocytes “and platelets; anti- 18
speci fic for {Béespspificstor aefiv landFe-e¢lisi andfastivatml macrophages; lagti-CIIR7 and

anti - CD22 spegjf . I ) B-cel | s..antiins

specific folro ﬂé‘é@%%?%eﬁgﬁ?@}ehﬁo?ﬁé%ﬁ &g‘%&%@l gbéegé%(wpgmg 8?853%%3 S TéngeB'

gr anul ocyt es; cedlstand M@mbengRead tells; BDRED3 b gecificdof patelat) invaicgtts/Mmaceophagds,cel | s
and activated magropha : ti- 7 .and .ant.i-CD28 specific, for '

Teell subbor BBreRerg Al mertPSrd eeeife i raroniaEe g erablop e fireell

St er nber g Reeghdagbihsphilgydnti-CIBlspsific tdrintonbOytespmdtioldgirsgenitor cells and myeloid |
monocyt es/ macy ophages, ﬁ) ragcg‘jlioglthgs and B-cells; ant_i -CDwW32 specific for
macr ophages, %F%‘?Hgso@?‘?‘ 3% SPeiG Wr hemaoRYyet G RIBFHN§oL cellss pnt-EH93 sppeilis forc f or
nonocyt es, ny&ahRilceyRsOfBRdyRE, BRENS séhs NBY 8d1RI £hd éé%éﬁ?g@,%ti?@bﬁﬁ ?@%ﬂﬁc

specific for lFlemattopm etic precursor cells; anti-CIX ecific fo )

gr anul ocyt es, forgRegxiesdnagephagss sand hyeletsanticE P37 spesificchioy marre \B-eells; anti-
ant i - CD36,5peehis Epecfifof MAAEYVLAS/ R L3S BT ks
specific f20r mat ufEPeecB-cg S; ar?t ? %ﬁ%;@%@ﬁ?ﬁ%?ﬁ?ﬁp@g% C Ieflsgl,;)%r

t hynocyt es anaateet Byeelledafi-CPHP sspeciiie iforCB3®lls pad i daraindom; antie@D42 aBd otibl s
anti-CD40 spegi f.i I [l [ Cinoma; i - 2 .and 42h.  specific
for platelet séi)émfr:llgg nﬂé’gﬂ%?%cayﬁ e@?g%é%‘??"%g&“s'@c%fsﬂ’ &t %rfg i g‘?f&%%?se xc%?gcept
ci rcul ati ng Beizelatisg Baredls;- BE4ADSpspecific dorf lewcobpescaryR aeiscelisthnReCD4® kpesific

ant.i - (45 Speﬁ)}fllegcocytes; anti-CD45RO specific for 'I:-cclls, B-cells subset, monocytes and

Id

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, CD55, CD58 and CDS59 specific for hematopoietic 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-CDw50 & CDwS52 specific for leucocytes; 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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for | eucocytes; anti-CD45RO specific for T-cells, B-cells sﬁ)z@t [g})nocyt es
and 25 nmacrophages; anti-CD45RA specific for B-cells, nonoc 5% T-cel |
subset; anti- CD45RB specific for B-cells, T-cells subset, nonocytes
nmacrophages and granul ocytes; anti-CD46, CD55 CD58 and CD59 specific for

hemat opoi etic an n- hemat o [ cel I anti-CD47 specific for all cell
types; anti- (Mg‘épg‘?ﬁf?‘é‘v E&'&%y P sRsGiticopior | ectivatg - platplets

specific for v 864 ¥
anti - Chw49d srgg%?whﬁ‘g?ﬁ%ﬁog?es nggﬁgﬂﬁ& e %ggéﬁ%t Qgprﬁgglﬁéd j!ét%ﬁ’;l’gs}loeC| fic

for platel et galarna) e icBE8 cspeeific @ntsrmmg@@r@oh@zmgmsfqe@tm with

| eucocyt es; SRR

| eucocytes |nc u %%ﬁ%rml ‘iaﬁgs%%{)%ﬁgs%ﬂ"ﬁ&%f%% Cﬁ%%&?@%i%ﬁg&?{es
speci fic fsor @ddmdqeiph@es,c@huémﬁéntswmr spativhted ¢ Bf opndT-Betllss acsiybeét and
pl atel et s; ant | S at ?‘{Dﬁ 2 62
19 July 2004 “3‘ c%%?%es ?ngifﬂagdg |va cgh Iag e e%gﬂgﬁﬁg%%gga&spec I\ig
activated pl eﬂtahbetrg Recmns;yﬂdsbmlashmﬂageszeua}ymwbﬁé speChI7il cspfeqﬁc for

o an ocyt e MHTERETC A TRR gl FoERueth SPLARITE SRV Rl SR ol ogl 67
granul ocytes

specific for s@bs%wha)qydeﬂSsubw&t AntiQCOP speeificl foe H-evlls rHad QdHoeReImaditphages;
macr ophages; anti-CD69 specific for activated B- Pnd T-cel | s, actlvat ed

macr ophagls. HUCPW{¥pgFi0R forjmature B-pells; api DS spocitie foz mafyre Brofls and Treelog T
and B-cells, gfler aheeo7Re lﬁcekdrSfon?eaar RBRBY BSdeS; JnﬁibGGieé?% Icﬂokmamrfra

anti-CDr71 speC|f|cfor activated T- and B-cells,

proliferati ngrewth factorgr{eis- @7@13 pReFfIGE ¥ ad E'E@ﬂal?hé @B% é@ta,a'ﬁHF'lebaalnd

subset ;. anti 7 ﬁ@p’ n n t WQrus
anti - CDW75 spl%(%’ ?‘.I ¢’ for’ mat’ ur e % %ln{i%eé’agg?gt%% aggém f g“?%ﬁggrsé%sur e
B-cel | s and Tenvelbpe petdiisseor; Plﬁﬁth@?pmml,fhmbms, £adlufiar g | tumor esroeiated

B-cel | s; tib dlesto GF,

T 1 andl 1 Mg er ki BRI Aol R R i dngpéied e

| FN- al pha andDfber markeShagd enichiraehnt ﬁntadgmﬂ&néeng; tHeIeaptaare el suitabls suckragel ope

proteins or H. V. en r ot cel | t unor associ at ed

15 anti gens &S%Pié@g‘mﬁ%@sﬁ3?@%3#&3%%%8?@ %ﬁe%‘beul es, and

endot helial cells.Ap Qttheébdvakk@r&feeaﬂes%ﬂqpﬁmmnsmmemuﬁa@ :hm&atca biyhe

art are equally suitable such as disclosed for exanple in U S. Pat. No.

5, 840, 502 i nc® Il IRAPCFYESRERYe. Al of the above-cited references and

publicatigns are epgil Npiehd inboiRRIA! 66 d intdlioh ANGE bddni RskREDORUI Ve

entirety. 20 While preferred enbodi nents of. the invention have been

i | lustrated adrdcritgdsirwiblebe approgipted that vepionse ehargesicambe made | 1Bersine WithgiEs can

pe made ther Cadbainb MM e SRAL %ﬁcﬂgcog)a | h GueRlidd. ¢ THOE SERRL Pt AP wil
sRi'lTTed. I'n

i nvention. Tho e ar
recognize, or be able to ascertain using no more than routine experimentation, many

equivalents to the specific embodiments of the invention described herein. Such

25  equivalents are intended to be encompassed by the following claims
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recogni ze, or be able to ascertain using no nore than routine
experinmentation, many equivalents to the specific enbodi ts of. the

i nvention described herein. Such 25 equivalents are i nterr:ggdfu{yog%)é
enconpassed by the following clains 63 19 July 2004 WHAT IS CLAIMED | S: 1.
A nmet hod of processing non fetal donor tissue to obtain an enriched .
popul ati on of WHARTASEHLAIMEIXIS: | s conprising: (a) providing non-fetal donor
tissue that- wquld B&g&ﬁ&ﬁ%dered,unsuit ble for an organ 5 transpl antation;
and (b) processi ngsHi Precetsde nBfeipl doneiciipsuq tg obinan ensichespopalatieh of
popul ation of propesigeeelsWonpAbihg. 2. The nethod of claiml in which the
non-fetal donar tissue, which would be 10 considered unsuitable for an
organ transpl &9t at PoNidingdogtietal deaer tissusithat witrrbhe cohsidereduasuititdafor hasrsarased.
15 3. The get hagkpPhwfib/idu2 i n which the donor tissue is obtained within
about six hours after the heartbeat ceased. 4. The nethod of claim2 in
whi ch the dond®) t i Bw@gessing sadnen-fetalidavior tissue trhaludin tinereichedpaputatioh ber t he

hear t beat cea?ﬁgc itor caie Method of claim2 in which the donor tissue is
obtai ned within a?ojout one hour 20 after the heartbeat ceased. 25 6. The
met hod of claiml| in which the donor tissue is cooled. 7. The nethod of

clarm! in whihch t dono Lssue i s.cool ed to, about. 4 C...8. The nethod of
claim?2in vvhlb‘ch tiﬁe ‘6‘%@8‘5#"2"“‘33&88’%&5 ,C‘H’r‘i‘"fit"ﬁ* r tissue, yhich wepld pgyveni | e,

or an adulio. Sonsiterdnmidiable fdr ad lbfgaftrdnsplintifiog, is SBSnEASH aldPnér vHd@e OF &
primate. 30 1Q0. The nethod of claiml 1 n whith the donor tissue is selected
fromthe groug‘3 Fopse of adrenal gland, blood vessel, bone marrow,
cornea, retina, islets of Langerhans, bile duct, |lens, |ung, kidney,

heart, gut, ovary, pancreas, prostate, 64 19 July 2004 parathyroid, pineal,
pituitary, skfn, tBEagmethodolclre? in whighithe doppriissucis obtaineg itin, abbimsius, or

: hours after the heartbeat ceased.

—

15
4. The method of claim 2 in which the donor tissue is obtained within about three
hours after the heartbeat ceased. ‘

5. The method of claim 2 in which the donor tissue is obtained within ahout one hoﬁr
20  after the heartbeat ceased. _

6. The method of claim 1 in which the donor tissue is cooled.

7. The method of claim 1 in which the donor tissue is cooled to about 4 °C.

25
8. The method of claim 2 in which the donor is a neonate, an iﬁfant, achild, a
juvenile, or an adult.
5. 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, kidney, heart, gut, ovary, pancreas, prostate,



thyroid. 11. The nethod of claim1 in which the tissue is liver. 5 12. The
met hod of claim2 in which the processing step provides a sub tla tially
single cell suspension or an explant. 13. The nethod of clé‘ﬁ'\ﬂgpq“n whi ch
the processing step additionally conprises 10 selecting fromthe

suspensi on those cells that express at |east one marker associated.
positively or peegsrorepiyealyipithitany, skinaeétispbledder, b, spinal ced, spledn)@gmas, o24. The
- method of claim 13 in which the processing step additionally conprises a
debul ki ng st ep‘H]YfPBL provi de a debiil ked cell suspension enriched in
progenitors exhibiting 15 at | east one nmarker associated with at |east one

progenitor cel] lineage. 15. The nmethod of claim 13 in which the at |east
one progeni t orllcel [The mecthed of ¢lajgy | giokiciythe tissueds Bixge of hepati c,
henmat opoi et4 c, stromal, or nesenchymal cell |ineage. 20 16. A nethod of

procuring liver progenitor cells, conprising: (a) providing a non-beating
heart donor aslZa |i18ae methiod gflaigny incwhichyihe Processmg stsp@savideg asthstantialyrsingles sue
to obtain the p bk W orGE bdsiant 17- The nmethod of claim 16 in which the
donor is a rrang CPTE he mé‘tﬁ??od of claim16 in which the manmal is a
human. 19. The nmethod of claim 16 in which the progenitor cells have the

capacity to deyelo i 0 -Jhillar I L. A nbi nati on:
t hereof . 30 2 \é Théﬁl ﬁen{éﬁg)glag@% g‘zlyfgﬁ%%%(:hlt“ﬁé b\%‘%ﬁﬁg ﬁ%’ﬁ ggﬁé%n%fg?nﬁrnergasonor
express at id easlectinpefrak theatgpassidnahapcalsathat expiels atiaast dhonarkst aksafatat ei n,

CD14, CD34, CD38,. 0, C45 . CD117, "TCAM 1. col.L.agen type |, collagen
type |1, coll a%’éﬁv‘%%’éﬁﬁ%?%g?%%‘éﬁaéf?&?PA‘?gEBirt"rchIt"E%ﬁS-nti n. 65 19 July 2004
21. A nmethod of providing a tissue having at |east one progenitor cell

popul ation as a source of Ero,geni_tor _cﬁel l's, conpri s%@g:_ (a) providing a
donor havi ng al%non-Thezcfhed ohelaim 13 15 whish the Prpecssivg gtep ANy, cOmpIisAt 1 he.
donor, the ti %Hﬂkﬁ?‘é&ﬂ%oﬁ%ovic@%&iebﬂﬁ&i RI1QE§RSSH erfeiehdd in pRBEHiRE éiﬁibitﬁ%d (c).
processing farther the harvested tissue to obtain progenitor cells. 2Z22. A
met hod of tﬁrO@Mt@emﬂ@rwWlﬂsﬁd@st@emﬁpﬁo@ﬁﬂgmﬁg@-hed popul ati on of

15.  The method of claim 13 in which the at least one progenritor 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 in which the donor is a 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 develop :
into hepatocyies, biliary cells, or a combination thereof. T
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 I, collagen type I, glycophorin A, or

osteopontin.
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10 human |iver progenitor cells conprising: (a) providing fetal human

ti ssue that woul d be considered unsuitable for a cell or ang &%@B

transpl antation; and (b) processing said fetal human tissue™t tgin an
enriched popul ation of |iver progenitor cells. 15 23. A nethod of providing
a tissue having at |east one diploid cell population as a source of
diploid cells, conprising: (a) harvesting a tissue froma donor having a

non- beati ng h2hrt Amethotofiproniding attisene Haviag Welebst oy t%eﬂ?ﬁﬁul&ﬁéﬁds‘%

har vest ed ‘bei ) (%%%EQFHEQ 8% havigggqt | east one diploid cell™ 20

popul ati on; (%&hpr eéglﬁﬁ hémﬁg Bted tissue to obtain a popul ation of
cel | s subst anta) al |gtoviﬁﬂghdh&ﬂhhﬁn@iﬂé@i)eﬁtiﬁ%_héﬁt; 24. The nethod of claim 23
i n which t{1e @S)nor is pot a . fetus. 25 25. The nmethod of claim23 in which
the donor 3's ® nedRSEMREE dssiefmm the dopen, fhe tigsuejhaviagpyleast one pavgeaitorcell 26.
The net hod ofpdphRtien;2#di n which the diploid cells include progenitors. 30
27. The method of claim 23 in which the processing step conprises

processi ng t H8 harerssngdurties ediarvsstpd ssinelto obtainpogenitor adlllsy si ngl e cel |
suspension. 66 19 July 2004 28. The nethod of claimZ/ in which the
processing step further conprises separating the substantially single cel
suspensi an i A2 - t Viomethodof prodessing fetah Sum@tissifdio obwirhamcbnrithedIpapulash ¢fn Whi ch

the separgfi rger.cells from 5 snmaller cells, higher
density C‘Z“’h@{‘?%%%ﬁﬁ?*@%f%ﬂ %ﬂg’&ﬂng', or both. 30. The nethod of claim 29

in which one (ey npravidingietal busanctisesi thitiviglebs@ntidebd Ynsofablsah L&l ol | S,
| ower density cells, ,or both, are further processed to provide a popul ation
of cells sut?ggﬁaf'gﬂwné’ﬂﬁnghed in diploid cells. 10 31. The nethod of

clai m 30M whibgh phredinglsaiddetalthubn Rk bisbuah a8 eitidhed SortAab ss al pha
fetoprotein. 32. The nethod of claim 31 in which the %0 ogen?tsfc()%?i ncl ude

liver progenifregeaitor cells.
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 .
juvenile, or an adult.
26.  The method of claim 23 in which the diploid cells include progcnitdfs.

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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15 33. The nethod of claim23 in which the tissue is harvested w thin about
six hours after the heartbeat ceased. 34. The net hod of clqﬁg]Lﬁ%¢ whi ch
the tissue is harvested within about three hours 20 after t 2 eat
ceased. 35. The nmethod of claim23 in which the tissue is harvested within
about two hours after the heartbeat ceased. 25 36 The net hod of claim 23
i.n whi ch the tigsue e 6 st Mt D OceR beat
ceased. 37. The nmethod of claim 2):/%\4 |vﬂh§/\hht?cg theﬁ |S %e{:és né%:t eg‘lﬂ?&[K t he
group consi st i figsubsrntally single cgll syspensipndalg twe gempre fstiensmar r ow, cor nea,
retina, islets of Langerhans, bile 30 duct, |lens, lung, kidney, heart, gut,
ovary, - pancreas, prostate, parathyroid,. pineal, pituitary, skin, testis,
bl adder, brai n9. spiﬁame&@défcm%&in Whidyﬂmsqpamﬁnghwmbatﬂc@&rgefb@llsrfmnhod of
cl ai m23 | 39. A conposition
conpri si ng%amggg)a@#%ﬁd %‘?‘u hgﬁs‘f“an‘f’ d??éﬂsj' 3’| n diploid cells
obt ai ned by the net hod of cl al m23 40. The corrp05|t|on of claim39 in
;Tlpﬁg_ ]'E_felf: oglr 8{’:& ﬁ ln’lsﬂthl l’ cl{[c())nrcsor En%%fractlon Xc%nsmtmg essentially of

smaller cells, lower density cells, or both, are further processed to provide apopulatxon of

cells substantially enriched in diploid cells.

10
31.  The method of claim 30 in which the diploid cells include progenitors that express
alpha-fetoprotein.
32.  The method of claim 31 in which the progenitors include liver progenitors.

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 heartbeat ceased.

35. The method of claim 23 in which the tissue is barvested within about two hours
after the heartheat ceased.

25 36.. The method of claim 23 in which the tissue is harvested within about one hour
after the heartbeat ceased.

37. The methiod of clalm 23 in which the tissue is selcctcd from the group conswtmg
of adrenal gland, blood vessel, bone marrow, cormea, retina, islets of Langcrhans bile
30  duct, lens, lung, kidney, heart, gut, ovary, pancreas, prostate, parathyroid, pineal,

pituitary, skin, testis, bladder, brain, spinal cord, spleen, thymus, or thyroid

38. The methed of claim 23 in which the tissue is liver

a7
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39. A composition comprising a population of cells substantialty enriched 1 diploid -
cells obtained by the method of claim 23.

40.  The composition of claim 39 in which the diploid cells include progenitors that

express alpha-fetoprotein.
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