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

derived from the liver. In studies of rodent hepatocytes, it has been shown that the mature



there is increasing appreciation for the range in

regenerative potential of parenchymal cells derived

fromthe liver. In studies of rodent hepatocytes, it
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[0007] Case studies and case reports in the literature describe the administration of

hepatocytes to over 40 patients with a variety of acute and chronic, inherited and acquired



by a variety of insults, and to inprove |liver function
and prolong survival in CCl4-induced nodels of
cirrhosis. [0007] Case studies and case reports in the
literature describe the adm nistration of hepatocytes
to over 40 patients with a variety of acute and :
chronic, inherited and acquired 2 liver diseases.
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[0009] If liver cell therapy is to beconme a commercia
reality and a viable treatnent option for a

signi ficant nunber of patients, an adequate supply of
liver tissue nust be established. It has been
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transplantation or cell therapy product and nethods
for obtaining highly viable, functional [|iver cel
popul ati ons, including hepatic stem progenitor cells,
whi ch are not previously obtainable by conventiona
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of liver cells enriched in viable, functional liver
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' agent, and observing at least one change, if any, involving the test agent after a predetermined



cell viability, cell function, or both). The present

i nvention also contenplates a nethod of conducting in
vitro drug netabolism studies conprising exposing a
popul ation of liver cells enriched in viable,
functional liver cells, including hepatic

stem progenitor cells, to a test agent, and observing
at | east one change, if any, involving the test agent
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incubated under conditions effective for transcription, translation, and optionally post-

" . translational modification to take place, and thereafter the protein of interest is harvested.

Vaccine production is also contemplated whereby a recombinant virus or virion particle is
introduced into a population of the cells of theinvention, which virus or virion particle is
capable of infecting at least some members of the population of cells causing the infected

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



transl ational nodification to take place, and
thereafter the protein of interest is harvested.
Vacci ne production is al so contenpl ated whereby a
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3. BRIEF DESCRIPTION OF THE DRAWINGS

-[0027]  Figure 1 shows a Coulter Counter sizing profile for the novel OptiPrep™
fractionation method, which reveals 2 peaks of cells: those that we have designated relatively
small” (generally ranging from about 9-13 uM) and relatively large (generally ranging from
about 18-22 uM). The “small” cell population contain stemf’progemtor cells as these cells
are approximately 10 uM in size.



acconpanyi ng drawi ngs which illustrate by way of
exanple the principles of the invention. 3. BRIEF
DESCRI PTI ON OF. THE DRAW NGS [ 0027] Figure 1 shows a
Coul ter Counter sizing profile for the novel

Opti PrepTM fractionation nmethod, which reveals 2
peaks of cel I Ss: those that we have desi gnat ed
relatively "small" (generally ranging from about 9-13
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[0033] Figure 7 shows graphs demonstrating enrichment for EP-CAM positive cells after

inmmmmoselection.

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

immunoselection.

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

invention are hepatic stem/progeniter cells.



[0033] Figure 7 shows graphs denonstrating enrichnent
for EP-CAM positive cells after immunosel ection.
[0034] Figure 8 shows graphs denonstrating enri chnent
for EP-CAM positive cells after immunosel ection.
[0035] Figure 9 shows photom crographs of col onies
grown froma single cell under wvarious staining
conditions, denonstrating that cells isolated by the
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par enc
-portal veins and hepatic sinusoids. The cells have not yet passed from the vascular space into

“the hepatic parenchyma.
[0042] Figure 16 shows a photomicrograph demonstrating engraftment of the

cryopreserved human liver cells of the present invention into the livers of NOD-SCID mice.
At 40 days post transplant, human cells not only remain in the liver, but have engrafted info
the hepatic cell plate becoming fully integrated into the hepatic parenchyma.

4, DETAILED DESCRIPTION OF THE INVENTION

-[0043} The present invention is directed, in part, to a process for obiaining a population of
cells enriched in viable, functional hepatocytes and hepatic stem/progenitor cells. Amnother,
related, aspect of the invention is the identification of hepatic stem/progenitor cells. The
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[0042] Figure 16 shows a photom crograph denonstrating
engraftnent of the cryopreserved human |iver cells of
the present invention into the livers of NOD SLID
mce. At 40 days post transplant, human cells not
only remain in the liver, but have engrafted into the
hepatic cell plate becomng fully integrated into the
hepati c parenchyma. 4. DETAI LED DESCRI PTI ON OF THE
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C&@ﬁﬁpﬁ%&mﬁiﬂ cﬂld, 544 t];b%éﬂﬂi’dé @8 the bitsénd dventidae T prefinted embodiments of
the invention, immunoselection and magnetic sorting techniques are utilized to further isolate

- orremove selected cell types obtained from liver.

[0046] The methods of the present invention which are emiployed to enrich for the viable,
functional human liver cells can be applied directly to total liver cell preparations or those
prepared from resections of liver. The procedure is rapid; gives favorable cell yields and
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steni progenitor cells seem consi derably nore resistant
to ischem a than nmature hepatocytes. Furthernore,

al though total liver cell preparations fromthe
asystolic donors generally contain greatly el evated
nunbers of cells associated with tissue danage and

i nflammatory responses, it still remains feasible to
highly enrich for viable, funetional |iver cells,
iviability] iand)cdndeatalal tofpﬁ‘(&ﬁisﬂélﬁ@eﬁilﬁ@k of &1k S Thdi¥olhtB@ cells are readily
met hods aof ah%mgresen LNV nt|on In preferred

SHBRET e PhghthaVEdnosel ecti on and
magneti c sortlng technlques are utilized to further
1¥8Vht Ehe presentimpention demenstateibi vidbjples: odilsaamelisblatedn

) S04 0 P B e PO
fvhosstliversathantog Imnseﬂ ifme?vhodnadargm temepling. Bp@lui;cﬂﬂe livafree]l bqpulatlons of

t liver c reparati ons. or th r
P b ol i pPipER B s is St flaion il
dianeticaig\eopmhiie el bf donel dgana,nehmli&e h’duﬂtbld foi vée mm&r e¢ln

ed to process,tens of billiop of cells
Repatafion el Wiy, 24P 1 pmmmpss ok Apmibearie st it asvstoli
ddiety, viability when thawed. [0047] The present _
i nvention denonstrates that viable liver cells can be
isolated postnortemfroma variety of |iver. sources,
including the livers of non-beating-heart donors,
whose |ivers cannot be used for whol e organ
transpl ant. Because the liver cell populations of the
present invention can be obtained fromasystolic

donors, the present invention will dramatically
expand the pool of donor organs, which are suitable
for use in liver cell transplantation or cel

therapy. Table 1 sunmarizes yields from beating heart
and asystolic donors. 12 Table 1. Beating Heart
Donors Post-Digestion Yield Total cells (x 10
Viability (%9 Range : 7.7-81.7 25-74 Mean : 32.7 57
Post - Processing Yield Total Cells (x 105 Viability

(/a)
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Range : 1.2-30.7 76-99 Mean : 15.0 86 Asystolic
Donors Post-Digestion Yield Total Cells (x 10) Viabili
ty (%9 Range : 0.1-26.2 11-51 Mean : 10.7 34 Post
Processing Yield Total Cells (x 109) Viability NO
Range : 0.01-11.0 64-99 Mean : 5.0 86 13 U.' METHOD
OF | SOLATI ON OF THE PRESENT | NVENTI ON AND COVPARI SON
TO A STANDARD ( CONVENTI ONAL) METHOD [0048] Cells are

i sol ated from whol e donor livers er resections thereof
phabletf using the tissue with Liberaseh, a purified
form of collagenase, and collecting the resulting cell
suspension. Two nethods are examined to separate |ive
cells fromdead ones. In the novel nethod of the
dreatingHepp b RAMOrSn, an al i quot of hepatic cel |l
suspension is mxed-w th_an_equal .. yol une of a :

sol uti on of i odixanol (Cﬁ?ﬁ'gfgg%?ﬂﬂYerng% i odi xanol in
wat er, Axi s- Shigl ), and 4, fopged at 2000
rpm (appr oxi malt;gtgcell \ﬁi(@g) in a %@%TM cel |
washer (amraigkabl e7t£som Bl ood Conpopsmt Technol ogy,
Lakewood, CO) for 15 mnutes at room tenperature, as
follows. [B@#0] To ¥&terile 500 nl Hbttle, add 208.5
m of OptiPrepTM 291.5 ml of RPM-1640 w thout
phenol red. This results in a 25% sol uti on of

‘i odi xanol having a dengi of .1.L2. After calculating
the volune of cells bag%s%ﬁ%esﬁl\“é%iﬁfl, add enough

RPM - 1640 Wthomcaﬁgggj? red to by ohe final
, W

volume up to-2 ‘h a total ce nunmber of 10 x
109 (40 x Rdk@6: celbshaoy). Add 250 n¥e-e% 25% i odi xanol
and agitate gently to mx well. Gavity feed the

resul ti ng Memi xanol15&l | solution info a COBB 2991TM
cell washer-processing bag. Layer 100 m of RPM 1640
wi t hout phenol red on top of the iodixanol cell
solution using a peristaltic

Asystolic Donors
Post-Digestion Yield

Total Cells (x 10%) Viability (%)
Range:  0.1-262 11-51
Mean : 10.7 34

Post-Processing Yield

Total Cells (x 10°) Viability (%)

Range:  0.01-11.0 6499

- Mean : 5.0 86
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punp at a rate of 20 mM/mn while the bag is spinning.
Centrifuge at 2000 rpm (approximtely 500 x g) for a
total of 15 minutes. The resulting hepatic cell band
at the interface between the iodixanol cell solution
and the RPM -1640 wi t hout phenol red is recovered
separately fromthepelleted material. [0050] In

separ ate experinents |eading to the conditions

ang(:{ ose 6@ H@%&Bﬁé@#fﬁﬁué{%{sl on I@éﬁ?ﬁ I nC U:jlalnz

one déE)MPiAREDMTO ABTANDARI(CRNVENEID AL SMETHOEN
band and the pellet, are determined. It is found that

t[péas] bangds Qtfeléo'ﬂt WhBl@ﬁonolr'mré&s omg&uomﬁer@o ReitlsYng the

0607. This enS|t value is less than tha foun

ftispuegvity hibergseMi agpuirigied formef otlagenagpy; anfl @H@ci@arﬂ!eéﬁm%tmg cell
%ﬁsﬁ;@nﬁé& Oﬁggﬁeﬁgﬁs &b %(aggllléd% fegtﬁlf!a%e?]lgvg %@Iilso%c{n)l( g%gﬁaﬁ@s” In the novel

erm ne at an 1 % so 1S
raaditeichfithe: yesout igvention,gn aliuehef hgpataaell puspensionimingied vt an equal

Q’%B’b%&f 361%315 Sf‘&uihﬁ%%ﬁ {bﬁ%}e&) é"?ﬁ%&“’&%#ﬁ %fég?ﬁ%ﬁﬁield,

osas), atd cnmmgm @ 20efrpm (efprémematelys06 el ) in 5 Cele 991 Brell washer

R Rt PO ey MRS Al bl R room

Genpefdtirggatibdwat 100 x g for 5 minutes at 4 C, in a
Sorvall RC3B centrifuge, the pellet is recovered. It

jrgﬁangTBis ShE5hotdAottleNa d%sgl Scapéggmgg::%%ﬂﬁﬂ%mﬁﬂr -1640

e super nat aht 1's ause
cathoephimd atd. BB ls$ults fira¢ 23% eolutigneofiiedizavel hayingtaaiepsity of 1.12.

ggﬁlé?aalﬁg{latm%o\ﬁe v&{ # cef]y%a%gtﬂn} \pggﬂ.r £ddce%915 I£l§MI 1640 without

re ce ris rati
phenpbred 3o bitifeths uﬁpﬁmmimtp 0 850 ml:,wﬂnraetdtal cblllmm:@dr ﬁ 10 ° (40x

ARoBER AU oro tethmel o i B0 B ot GAFRy focd e

' sésﬂﬁl dtgliddsmbt&d solufén in%dlzlﬁlDOBE|2l991lT|MQ;BHm§heﬁ-pmceSSng®ag Layer 100
| SOolLal e us nsi lver ce e

aalgég?wﬁfig ftGeit DhenpLred gp o ¢fdie 'eﬁviﬁ'x%l caf %’ﬁ% ugipg p pgpistaltic
?ﬂﬁﬁﬁt m&tdﬂzb%m%ﬂem% ga Wil TRA ernanadcmpﬁo g

pelleted cells are retained, andthe cells |

@B@W@M $00x @) & 8 detrleptdS npapiesy |Thy reppliing Benatic cell Punit A the
T Ial:’%bigﬂ?&ﬁ}ﬂs ?(ld%?a&l nk EUU}IO% OheRIIATEM0 wiBhut SilenblSed is

or via cel 90% range) conpared to
repevepask sepathtely fpam thepelleted waiosislange) . I n contrast, for
the OptiPrept gradient of the present invention, the
ﬁmmr mgﬁar&e BpcAinenRlidading o MBlcbEdiBshsidescribud solve, theddusities of
80-90% conpared to the pelleted naterja ener,al |

jalz@ng thosy ofselogled pepta@sshion bandsywclagiig onp designited a
- GHRP %Bud;‘;?aﬁn%%hﬁmw Jna rthé ﬁb!l&? hre@RlelSinbd 8t 2FowiM that the

in diameter I n the Percoll pel conpared with the

ad efinteretiyan tlemix’ mp@rha%mnéitmf 1a0603 F &@rs deppity| value dless than
that found for starting material (1.0792), “gradient contents” band (1.0792) and the pellet

(1.1061). It is then determined that an 11.59% solution of iodixanol is needed to provide a
gradient directly over which the cells of interest would settle after centrifugation.

" [0051] Inone ofthe standard methods for liver cell preparations, an aliquot of hepatic cell
suspension is mixed with isotonic Percoll (Sigma, MO) to a final concentration of 22.5%
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of cells in the 9-13 uMin dianeter range than the
pell et. The upper-nost band fromthe OptiPrepTM

gradi ent contains both 18-22 uMin dianeter and 9-13
uMin dianeter cells. Size distribution determ nation
for the Opti PrepTM pellet is problematic owng to the
| arge anobunt of debris. Fluorescence Activated Cell
Sortl ng- ( FACS) anal yses foll ow ng HP CAM

i ni hes | ] di oJ-hat
se ms\nﬁlg\fvm g%té(ﬁl aﬁé@ﬁ% ?ers esul szglinb pﬁon{allg%c_%(%
&Btrﬁ'ﬁ@d ﬂﬁspbll¢tm=esd\ateﬂ1 Itghm&dl benotédtha én the sdathivgs of ebiventional
n_behind in.the col | emat
RN G R T s

&Bté%Meup&%gxfzer\@ab?ﬁwﬁd tahiTi doafalﬂstgeﬁebamlty midre béimldPdetnisl [For
supenmat e on orm ng.assa ve a
OO R JloMPESa i TRt G Tl el ogpf ot 300 x5
i[%?%' fihut gl LEnEREAGNE pREIBiRELE TR othd T RANERN frethod

eve colohy form ng abl lity as the ugyer rmst band
fof hfﬁ@eltpt[ep&a@qgis N4 todsolngit eesnspenginn of l@@r ol @FWQC digestion of the

: I

8 ] thef i e A5t n MR DR IR S0 e The
mlibied yellsarauetainedbindithecell$ intthesupetnhiagaepdiscatdedn.

[0053] As illustrated in Figure 1, a Coulter Counter

l%egigngl‘r%a%fﬂlﬁeeexﬁ%mﬁ RS 1081 thP60 % efll’eﬂﬁ temmad f@Riable
od T'eveal s 2 peaks of cells: ose t at we

) ave
wlis (@r%l"/e@g@loampereﬂ ;o tbwﬁq:rpoll %ug@na.iﬁ £40r60% Emgein én epnfest, for the

R O A8 0L Sl

wilgetdis Q&Bm%))ﬁompai‘ddﬁo ﬂﬁ;)eﬂdhﬁhﬂat&ﬂl [511@35)( less than 20%). Size
a roxwra Mln Si ze

BRBr e s Chrlien ot rospar ffebm R oE BleBh Lol (ROM AR Bamete)
ih e Pek@NGH enlatl, ¥dhparéBwitOias Péroéll mpennatg,avmclz eonitainsra largergopulation

of he &ﬁﬁg‘gl ati onﬁ%ﬁ&aﬁg@r@g‘%ﬂr %héyﬁplg%rlﬂl%tfﬁb%ngﬁomthe

acﬁ’é%‘tlﬂdiﬁﬂﬁﬁbdﬁi 14-87 G9I'in GRkleter 4oki®-22 uMih idiameter cells. Size

|arreter is greater in the Percoll eIIet qgr
distabutionidetepninpiiariontie AptiBiep et pelles %Yﬂ%@“@?‘s”ﬁgd%é’é e amount
- drlaghtis F@u&&@%etﬁﬂﬁvﬁt@cﬁém §orﬁ£g PAER) ﬂﬁ@}%§ﬁﬁloﬁvﬁig| ERMCAM

I munostalining wt ant | body speC|f| c for hunman

| lﬁmmmmmgwéwesmpns ricatep thatzedisesmtatipe fhrengh Persgll gosylfs in

SR Sl o PRt At
perd/) Thehapot-imestdtaad oﬁthgomrep%adjw bia m@ﬂ%?feﬁ P-CAM

p861 {6&;/@? sfng%: Eq,'&%qo?t%e%ép%%lz%{wor tg?olgﬁ‘\@ow{ng%g}s Je@eal virtnally

nbfa@iation of telonickoRs ce’lEEo@ﬂmeﬂie Pergol péliet; twhilehlae Reveniksupernate has

ottt BT e 5 5 Ll BT e

gradient. This colony-forming ability correlates with BP-CAM posmve staining, as enriching
- for BP-CAM positive cells also enriches for colony forming ability of the cell preparation.

- [0053] Asillustrated in Figure 1, a Coulter Counter sizing profile for the novel OptiPrep™
fractionation method reveals 2 peaks of cells: those that we have designated relatively small
(generally ranging 9-13 uM in diameter) and large (generally ranging 18-22 uM in diameter).
 The small cell population contain stem/progenitor cells, as these cells are approximately 10
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popul ati on staining positive for EP-CAMin the

fractionated, and unfractionated sanpl es,

respectively). [0057] Using OptiPrepTM fracti onat ed

cells (the upper-nost band) as the starting material,

in experinments using 2 different donor livers, we also
denonstrate that the EP-CAM positive inmmunostaining

cells remain in the supemate followi ng the standard
Revi@oike. MRichelitivebundahbdi6Hthiadé 2 HopulatiohQel RBs RurieddépeRiing upon the
t%‘% {)ﬁgeul ation of EP-CAM positive cells is conparable

F 451t BT BGPPRe AverAe Fi2¢ i BRpeef Bepsakoppylitiong

material and the Percoll supemate, while the Percoll
A6054dt Higureld plivstrates Batsfollowihe fiter stanad @epol idethod, thetelative

3BS850 M PRl LR SRR G5 58 o0 o

@h¢ edPresypoblfidersapdrnaa@00 @p).and Percol | density gradi ent
centrifugation, 20,000 live cells/well are plated

At & St R s SAPALS il Bl gwing immupostainivg with
fagtibastyisperifig fos humamEREAM, resaling thagrihe Ragedii peliiil 00 x g) contained 5-

: CCAM i ! e
ToRRGE PR MRl 48 gesPaniibhey LOPLARE phpidita 4 for
- CANDIthanghe starting inkteriel (rightrtmad parich) 6. 76 Ypofltiat jopnlatién (+) for EP-
EP- M cells, we should increase the nunber of col ony-

3rs in that population. Towards this goal, we
enrich_by immunosel ection for these cells and include

10061 i P enmiraglsasashowmin Bpwon, Optibrendt frastionatierrogs netappear to affect
veRiil BlindERs: A epl s .40 X o

Pl BB LA Bt plfleok 8 IRl govor

poprlaionciaagng positive4or7BR-6AM dhgpimiibadted and wnfmotonated gamples,

Qégéeghgé% marker). 16 [0059] Table 2 shows that we
i ntee }irichfor col ony formati on when we enrich for

EP- CAM positjve-cells. In addition, OptiPrepTM . .
{00521 | Diste Qptiespi™s frastignatid ool (e 1ppot i9st hvag)eas s starting material,

mwwwgz a&fe?e‘nmo&?gbas, Wi e BRsRR i the BRUWRE positive
I's lacking such cells. Table 2. Fraction Total Average
- ipgppmopgaining/edlls reapin inthe suppwsiate folloting the stagisrd Reroel] method As

é}g?%%ﬁfin fjéh:}%’%fd? ﬁ%}og‘éﬁgénl& £b-CARI fostiiv cells'i§ & fikible for the

OptiPrep™ fractionated cell starting material aund the Percoll supernate, while the Percoll
pellet is depleted 2-5 foid for these positive cells.

[0058] As abiological test for stem/progenitor cell presence in these cell preparations

- following OptiPrep™ fractionation and Percoll density gradient centrifugation, 20,000 live
cells/well are plated onto STO feeder layers, mamtamed in hormonaily-defined medivm, and
scored for coloﬁy formation after a 2-week incubation. To further support our contention that
EP-CAM immunoreactivity corresponds to stem/progenitor cell presence, we rationalize that
if we increase the population of BP-CAM cells, we should increase the number of colony-
formers in that population. Towards this goal, we enrich by immunoselection for these cells
and include them in our assay. As shown in Figures 7 and 8, we enrich for EP-CAM positive
cells 40-fold (0.59% of the starting population is BP-CAM positive, but after
immunoselection, 24.7% of the population is positive for this marker).
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enrich Percoll Pellet 1 0.2 001000 Percoll 20
303312275 Supernatant. [0060] To ensure that
these colonies arise froma single cell, limting
dilutions are performed on EP-CAM positive-enriched
cells, and wells containing an average of | cell are
i mmunost ai ned with anti body to human al bum n,

i ndicative of a parenchymal cell, and CK19, mhich

G5 292 Bl B e s, L0y by 58y Vo A o e

SCAMI Imsmmb—oelys hsadslitipnoOptibrep™ \ﬁladamted tells ah&lﬂle Percoll supernate both

iy Sy Byl e e et e B oo el

gflﬂp tlon of a steniprogenitor ceII [0061] These
A ¢l ear y irndicate that the novel OptiPrepTM
fractionation method of the present invention
Jupelicat es | i Vetal r om déadragel | sWeHii | Well eléalini Well v Vil el
hepatic ste eni : in the | Lhve fjyactigon.
In contrast,, Egtoﬁ)g St anggﬁod-'?eergg{vﬁ d i thebfl el% P 6
centri fugatl on througklla Percoll density gr adi ent,
excludes these cells fromthe pellet. Wile there are
rRptifreg®ti on8 in the ddnditi on$ under wRBich Percdl|l 2
) qﬁc}ﬁ%} gy gradients are run, all of these nodifications
. ve short centrlfugatlon times (m nutes) and | ow
(50, 440, 88 x ). The Obj
conveﬁflonal4éethod agggars toTbe enrlchnent:%or L
lemriger . si ze, mature, 17 viable hepatocytes. Since the
Percol | pellet is used for all subsequent experinents
@Hmpﬂgﬂgﬁrnhte is di 8arded),O0the Gield haslbeeR
con3|stently usi ng cell preparatlons depl eted of _ such
pestall er at i v&0 st ent prédeni tor el I'sl Quf novel nét hodP
\iy ] % certainly change the types of experiments
P,orne&‘ and the data generated, to further advance
.the field. This is particularly true in the area of
cell transplantation, where it is deened crucial to
‘have transpl anted cells with the._hi ghest

BIUGP] 1 B spsmpcthat dhese pelgnicspisg fom 3 sipgleceflnimijing dilwiops aro
Pér@&ﬁ'@& bh BE-CAM ﬁo@iﬁoaaﬁﬁalea dolg) ahil WRfls EonREih®sh aveR@631 1 cell are

mmunoenri chnent (i-munosel ection) is nerely one means

grmERnsiagted ngtheanhmao beparplopuindpdicstive of eniprcbympleliyand -
BRh5 Swilfn fe &F féeP¥f0r§h9c9rnntl %ﬁ%}@@ﬁ&l 3 Hdh&Sof both of

are partlcu g mar ers
thesertypesof nelstina nmgbrcology issypperting, evrd@um@oﬂzs ))1~potent1ahty of the cell

giving rise to that colony. Such bipotentiality is the operatlonal definition of a

stem/progenitor cell.

[0061] These data clearly indicate that the novel OptiPrep™ fractionation method of the
present invention separates }ive from dead cells while retaining viable hepatic

stem/progenitor cells in the live fraction. In contrast, the standard method in the ficld, of
‘centrifugation through a Percoll density gradmnt excludes these cells from the pellet. While
there are modifications in the conditions under which Percoll density gradients are run, all of
{hese modifications involve short centrifugation times (roinutes) and low g-force (50, 70, 88 x
g). The object of the conventional method appears to be enrichment for larger size, mature,
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associated with particular cell |ineages and/or stages
of differentiation. Procedures for separation of the
subj ect stem progenitor cells may include magnetic
separation, using antibody coated magnetic beads,
affinity chromatography, and "panning" w th antibody
attached to a solid matrix, e.g., plate, or other
conveni ent technlque Techni ques providing accurate

X@Bfr atlon igﬁj Eﬁﬁ@i B‘%‘%&nﬁ@eﬁct I geglgé:n?expenments (the

smhm&-tm @istardud), t]ﬁ: @ld ha bﬁénﬂoakmtbr)ﬂyﬁfsmg@bﬂ)prephm ldspleted of

e.and obptuse I scatter
- alrgmgﬁj bt BB o e Put St et eif ity e the
eﬁxﬂen@sqwrﬁﬁﬁedymm& &fla Sdktated O Findtek @ax&néermaﬁﬂb.e This is

Vi abI uman liver _cells of the ﬂr esent i nyent jai)
aRrdFYAdnintegn e el pelbuansplantping, wherrfagflopmed orucial o b
REQORRICH Q&I mﬁﬂﬁe highd&EprofRAHRE Bpadity)56TRAb he¥fe the greatest probability

addj tional cell. gpes including bile duct cells,
efgennsiiuting lives fynstion.t | ssue nmacr ophages (Kupf f er
ceIIs) stellate cells, andly hoctes Cel |

{62k M\@W@ﬁa fmosalerion} 1§ Jare Jwgely psspean pEongichipe a
bft@ltibn bR ﬁéﬂ/ﬁﬁ%@ﬁt& ealisdt le pRlsLRInveRtidn l\f{éﬁﬂcﬁlﬁﬁmﬁbodies

I'rculation. In the viable human |iver cell

 Blso B DEYRIERS chATEARE il RlinBlly s ARicAr ?rocedures for

epatocytes r ste ogenitor cells th
sparatorvef the sibjectstényprogodior egls wmgudemagu@tmemrn@on, usmg

3 A 8y B, PRSP it sy

. sitichalde agmmam@m@ plaﬂa,eorloﬂmkambmentmhmuﬁ Afnchngs pagyiding
t t
SR et P Pt Ral RSl B S

| Hég?&@@ﬁﬁ}phﬁﬁ&hnﬁﬂ, ef. )dﬂ]ﬁl@ll@oﬁb@ig[ecﬂiaﬁ@l$ lowt angmmdmbmse light

sets of ceIIs resident .in t dult i ver that woul d
“(‘P‘*’é‘}?&r T- | ynphocyt es,

@Z}E{f L ?@ga%ssﬁeﬁé“f’ éﬁﬂé’\%@éﬁv‘ o wﬁ%&ﬁﬁ%@? b Wibto human iver

&g 6£1he 93&5@& mvkﬁhanBM}htiBﬁ ol Bdphwoytef ardfise: inmsididteprogenitors, the

_ﬁ%l@gﬁ%?am k)%% P_]& n Il\zer Vell E‘%"Eﬁeﬁg‘ﬁﬁ%&é"m&

8 Rad:GpHaBRSK: t gﬁ‘érl deR), étéllaief'tﬁll@fahd l)aﬂﬁhbcﬁééaﬂﬂl Suspensions
ant |

nDnocIonaI ody speC|f|c for €D45 can H ih
preparasfim perfusad Byesd pre eloe dikely frcoptain ng pﬂ@%om e
%%Q% A6t 6wk %aﬁaiéq?u?ﬂiaﬂ hdver c%oﬁﬁa}ah&fsr of 98 ré;enﬂiﬁ%ntmn, the majority

positive C S are nlcrospheres and
afaellsprxpressiniracrliviar albeminnsd |atﬁeth¢ref¢raiiepafacmﬁgqxéten€pmgemtor cells

AT 7 DI o sl U805 it o

d&bfebaamy'aceﬂular albuiiid, ﬂtma]mntﬁstamdfor Beripniface marker CD45 the Leukocyte
(ll:c; L d 1 AS ge%,b:?:{ :Emtl%‘éﬂ ﬁn to be present on most or all cells of the lymphocyte,
monocyte/macrophages, and granulocyte lineages, and on erythroid progenitors. Important

- sets of cells resident in'the adult liver that would be expected to express CD45 inchude T-

- lymphocytes, Kupffer cells (which constltute about 80% of the body s tissue macrophages),

and perhaps some granulocytes.
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51429 Bergi sch d adbach, Germany). In the MItenyi
system CD45 M croBeads are utilized in conjunction
with a magnetic colum (in a device such as the

Aut oMACS or Clini MACS) to bind and renove
CD45-positive cells. Using this or equival ent systens,
at least approximately 90 to 95% of CD45-positive
ceIIs can be renoved in one round of depletion. The

ﬂﬁ@hﬁé@&@&té-pd%ﬁﬁubéﬂs'ﬂ% Bk $Rblc b ive? SRV k! Prdkent

e cells fromthe liver preparation that are
ma‘pmn@ow barthietedbs imapapdgpletigthmethodskinpwn & thepgekilled in the art.

Vb2 ch Vil 8564, 50U ELEKBls S8l b vouh e ot

ytes se cells can atta
nndrbml}ans %anndospdimh @s thien contacied forteevisdelhuman lyavicetls ikhe

tocyti hol |
(iRAR B 85ttt CE ecs 2 B8Ntz Dbupa b S applicaton of
¥ haPhetic lficlde One systenpsuitplsle Sirithedepletibtiaf Cp4epa@sitive cells is available
SRR G0 ey THe: RSP hoses Ot e B Shase 68, D-
 PENS BkeRIGledtatls GG R]In aermmeﬂﬁrsmdm TBKS5 MitroBemls @ utilized

can be sel ected readll by, those skjlled.in.t. arit,..t.
gysepiupsLioR i ool i F e et B8 ATBMACS 5 Liiniracs)

R ﬁfd‘r&ﬂ&ve 61945- logls. @@mg Wit HosdMivhentsh@erhis bt least

* surface marker can be used to renove

apprq:m#ehr;?@é@ 95%;i0k{(D4ppgsitixgcelis caesrpmevpdin eneygppd of depletion.
Eﬁd?ét u@%ﬁaﬁ&{m&ﬁeﬁﬁﬁ %Jeﬁhéll?'ﬁﬁ%@th% SbllsSrdh tHehFrer
rm Cro / nono

[ 1 neage such Kuppf er ceIIs

: Iﬁmﬁ}fm t@imp@bi@ pEattagtmeenband ggmhgg owliytandsr eopiifiens that favor
d. f

PR BHE: b RO e At WP oot BRERALA Bbofiogon;coned

disties egynet-ifice ln:eadnlm, amhsopie dlqﬂa}dwp:ﬁtoirytld imrogpitology. By contrast, the
h_al I
%‘@%f?“é ﬁl‘t%t{jb@ %M&o asl ‘;&{ g)llaﬁjgépliv%? I‘.eélpreparanon of the
itdeptinechtion using immanddzpléhmm haxﬁwmamsthatwttacdﬂmd displag the
usegr Wt h a f I uor esce cg activated cell sorter. Any
"g‘ﬁﬂﬁgﬁ? % which is not unduly
nt al abi | it f the.cell

(B8 m?a°§fﬂéf§ SRPCHR e ) T Bt n oo

édiﬁ&ﬂ]?&‘l@ﬁl\é&tyaﬂﬁ:ubyumaﬂt@f celii)eptﬁitains oy e;ngﬂase an/altlhody to the cell

rret hOdsg?feé(IS# Call{gdmec!%%l?%g% a:gt%%ﬁglg [ beagﬂb?dry to the celi

'ﬁﬁaﬁmaﬁwmﬂﬁmw&w&m&mm iabé/nenocyte lineage such
Sol utions and subjected to controlled freezing

asKnap@egqﬂsed storage tenperature. Frozen cells of the

D1 9 ol o B o
separation. Materials for conjugation include, but are not limited to: magnetic beads, Whl_ch
-allow for direct separation; biotin, which allows for indirect sepaxation by binding to avidin
or streptawdm attached to a support; fluofochromes, which can be used with a fluorescence
activated cell sorter. Any technique may be employed which is not unﬂuly detrimental to the )
viability of the cells.

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

- ~ several cryopreservation methods. Typically, isolated cells (as described above) are diluted
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[0068] Once liver cell popul ations, including hepatic

stem progenitor cells, of the present invention are

i sol ated and cryopreserved, they are characterized by

flow cytonetry utilizing cell-specific nonoclonal or

pol ycl onal anti bodi es and fl uorochrone-conj ugat ed

secondary antibodies to quantify cell types present.

In addition, the functionality of the cryopreserved
'3?5E&gﬁgpoints Fggggﬁﬁégf exan%*gy&ﬁ%%%g¥rgqgi dittions, NY)
pd A pendrollpd frpegingrto p Hesited siawge tenpereints diozenyils of the
"R@0A8ken@h e LoNSBa HORuimigiuse monocl onal | gG

pol ynor phi ¢ anti bodi es to human EP- CAM anti gens
o] UFEINETIONA e sseiel s Of 9tk .
(Serotec Inc, IJK). Control cells are treated with

00688 109tz livel E€0 pdpandons] RRluRTBEREC RER/pRIpBATNIE 8EHILISF Spresent
w _cytoneter (Coulter Eléctronics,

an ERPICS C |
#Pvﬁg‘g%ﬁw ﬁP{éf. apd, Faappss Seire hgrasteripeddadlay evtemetry utilizing
tol@spebifid QRASEIB AL @r SstdloM hiibb&ek 4n@ tﬁ&ﬁbﬁfgﬁ&%gﬁﬁﬁﬁf s3€ondary

cells., Wndows are established aroun

contr.ol 3 1e
Faitbogies taprntiysel frmes RyAsent I Additione the Gmakenality afitke cryopreserved
SEARLH Bestddlactosy 3 balrHEF i GfolaR4 F,ﬂé@mdllgo%par amet er

hi st ogram and t he percentage of posit y fluorescent

001 SFbr% B! 18R Stem/pfoBdfbr dells ¥f thé &eﬁgﬁ%ﬂoﬁ n%agg)c reacted

I ncl ude: 7-ethoxycoumarin metabolism” which neasu
- BB oA Wit 100 8L anause monesianeblgE polasphicmhatiies to phaee EP-CAM

OntipSa doffd e S WPdordSei ﬁuako%g%ngggﬁm tscegﬁggnu,ggﬁ.i ol colls arc

reacti ons; ureagenesi s to a
treptedovith mawssdg@ -Fig Calens. (Thesaniplgsard malyzddmsingiao EEPICS C flow

PR CplRG i tnobod ki@ TR Bl Bl B BRYFASS B witn e
. Hunresconse geiratjusied el D&Y ofithd contiohbells) Windaves ¢ established -

g henot : d ft.i.nto t | .
SRR B VP RS e 08 BB b bt et 9
tNOPafi@iclr histoprivh add thaparcent{e bEp@iteyTiubREcchFMAR is determined.

deficiency preventing the aninmals-fromrejecting the
(06 s gh aistocaidivints inchede! Zethtxyconparintmidybholisa,odllich mesures both

.  Sol T :
PR ch Pt Pl gemtigl b1 ol vl B poliiran
donjugﬂioad?dcﬁbm;t; tueegepedid folesd theaenrs]t ahillty tolt dafver ?ﬁnoﬁ@ € urea (an
WEEe ater, e.magrocajrier ce conglongraies are

HEPVES ﬁu‘?nr]t‘}_ﬁt\%t‘lﬁ@g_ E‘fr& @hﬁnd@%f?rﬁong@&gg@ned “and
RS S menr=3nF 0 P3P b g v e sl bl maitin o
‘piat hepatieoGipaBibtRe; MaBRRRIRB WL ardRhyh4 " OCarri er

beads in NOD-SCID mice, one can clearly see

[Wﬁ}ag ﬂ'gg' foélsrva’ﬁg mid(i;l@ldxﬁlliﬁe ROD-$CILY ﬁifbaﬂ'{ai Biv6a sé&&ef}cdnhﬁﬂ;drc]i immune
r ed nucl ei, an rge anmount_ of clear cytoplasm The
PIREY RreV B ot e FSbm SRR rpsplanted Fimast ol T one stdy,
;:ells are -thawed and incubated, in vitro with microcarriers to which they attach. The

microcatriers are subsequently injected into the peritoneal cavity of the mice. One week
 later, the microcarrier cefl conglomerates are harvested from the peritoneal cavity, sectioned |
and stained for light microscopy. Electron microscopy is also performed.
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cell. Cells on the far right are host stromal cells,
likely to be fibroblasts, fromthe peritoneal |I|ining
of the recipient nmouse. [0074] Figure 12 shows a
phot om crograph taken at a | ower power to visualize a
| arge island of hepatocytes that have becone
vascul ari zed by the host as evidenced by the red

bl ood cells. Particularly noteworthy is the apparent

i zatd f IS i d £ o
JOORT  FEHigE 13, abitGofiShosorl B i Hopesitvon o MRSt

AR+OEED mice, onvem dendy serinpatbeytdsiattadhed fostheimicrocalrfd ote their

Evi dence.th t he hepatic stenlprogeni.tor cel.ls of the
PSRRI OBt R ety onRpG HEe bt seREa sty thinucleaa
aol el iy REARHIGrahoFRinohAl §ie 1Rt REbE ShipbRsts, desh 1he peritoneal
Figure 13, ., .denpnstrating the positive staining for
&“&é&gg’r‘?rﬁ’ﬁ”?qéﬁl‘?mﬁ'ytopl asm Again, note the apparent

i zati f the,cells in cords. [0076] ., At. the
R0GAT | s Bl oSt oty By by R et 14 visalgy arge
MaﬁdLnllfﬁq)atteptai ﬁﬁy%mbemmhﬁﬂhr&d : hait;ﬁ'{lsmts&ﬁémmb t&édafyﬁle red

e C OX, i.S a ar oun e interfac e en
Hvad 0*3!@; i’e%ﬁ@a’é@ ppleo 151HR APAR T oreepigption, shegellsdmo cords or
Sowa BT hepASoyted] £ttt brgahRadnahdt Yrestfily Dbbdrddyin cross sections of
canal i cul i, another matwure hepatocyte marker. [0077]

M 885- phot oni cr ogr aphs shown in Figures 15 and 16
flengfst.r,ate_engraf went of the crﬁhpreserved,hunan )
(9072} Eddence Brat fhedepitic stopyprrgrpiiag selisof the Brepenb invenfiongan indeed

RocytbCahd akd expRisSing s Bt phefBtype i9 Pro igure 13,
cells are injected into the spleens of the mce. At

derponsirating thepqsisivestaining for slyeesss B teir extPRIpsm. of\ B4Ry note the apparent
?g%%ﬁ%ghﬁ%m%&% presence of human cells
term ne

y In situ hybridization using DNA probes

00761 URBihe R SIDAREGSoAS 1608 dnedtn diklebh ANBLMSE 14 theé¥ hdp¥@cytes
ours post transplant (Figure 15), human Cells are

aifashad to thjs siagpeansy. The blagk bpxy dreva jasonnd 8i¢ interfaqedetween two

i ' ' . . .
e lE o Thep VERR 1 SORY Sfchfes SRR o fBiliay

erapleonbianether motves bepatopPio ABkeAt 40 days post transpl ant
!%’Ei%ure 16), human cells not_only remain in the liver,
hEirdwe Rhptaptieregraphsshowm i Figisen J5and d6|depppstvate engraftment of

e Tty My B e UL A i ofvoD-sCD
mice. In this study, 1 million thawed cells are injected into the spleens of the mice. At -
various time points after transplantation, animals are.euthanized and the presence of human
 cells determined by in situ hybridization using DNA probes for human centromeres as well as
PCR analysis. Attwo hours post transplant (Figure 15), human cells are clearly visible by in
situ hybridization in the portal veins and hepatic sinusoids. They have not yet passed from
the vascular space il}to the hepatic parenchyma, however.

[0078] At 40 days post transplant (Figure 16), human cells not only remain in the liver, but
have engrafted into the hepatic cell plate becoming fully integrated into the hepatic
parenchyma. ' ' '
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[0079] The tatget population for treatnment with cells
of and by the nethod of the present invention are
anbul atory patients with cirrhosis and end-stage |iver
di sease (ESLD) caused by a variety of factors.
Patients have a |life expectancy w thout |iver
transplant of greater than six nonths but |ess than
two years. Therefore, nobst such patients have been

cqnrsi defggke MWT& & Waiting list for
orthotoplcllver transpl-an fon (i.e.,

t y@sp! end ﬁl’éﬁ@ﬂoﬁjﬁt@ﬂ for tBAAEL: WIRNQNs & 93 IBr% fhe;lc—%?f d of the present

pat ients have e enced one or nore co 1 ONsS
t H’é’P’FﬁOﬂcﬁT%@ﬁ@éatO@u@hemwﬂbduhosmdbhdwtage(lasndlswCBSLD) caused

EoAly oF DS PR 1505} U SEBRATV AR N prspiatpgirter

t ﬁ@ moathgdut lost tharive yirk.| Tl&dréfblb,engstvmﬂl patlents have been considered for

- PR PR AR BB 8 bica R RS ipdEpigion of

t MS@mn D@tmb IThede patitrdchave bﬁpeﬁéilcea_ o (@‘Qﬁh’e &mpllid&ions of their

58 654 PSR o2 ool Sl prvcamvc Aomopierato),

fmfecﬁmmhd otlic HOBleok. Ithd dﬁﬁél ﬁb&ﬁﬁﬁﬁe t pRichBRAIPNPYe given
patlent gual ity of life. . |ne and foll ow
SLRPTETHQ thefanvifa erW?tts Eﬁwcﬁeu Pﬁ%ﬁsﬁtﬂ’&ﬁ dliver gells, as would be the

CJabdYof frhnsplavifibion bEiRGEH 1R8rs a?ﬁ@éo%i@f‘ﬁlé ]Saﬁfec% ltﬂera%g jsto delay or

;)gem fic quantitati ve bi ocheni cal essnent s

vigethe ged afgavhglaivgetansplont, to mlurs@mréahzmnﬁ for comphcatlons of
lﬁgém tqfugﬁafg -proteins. Because
_Hﬁgﬁ?g%agﬁi&eﬁ%l [ %]gatﬁ{s ar |(%%Z)ect ed to popul ate both
0300 | \BAkelBGnd Rﬂlﬁﬁﬂlp abde¥sifents ‘ﬂcllmﬁgﬁnﬁinte hdbo raﬁﬁ:?ﬁﬁi dhical Hiver
to noni

t he spleen.are performed periodi cal
dinsiign prseifmentias pel ps 4pewﬁt> Jenmtigtive bm@hvgmaaﬁns@enbmeﬁthe ability of

@R dafnagdd BASRS AR tdxfis! Jﬁetgﬁ)llﬁ?&l%gfﬁld%%lﬁ sﬂyphg . Because

t hat are specific to | onor ¢ ese“so
fapsplpated livighpalls atceaxpistedite pepmiatelbaoth ﬂ:teﬁnfetﬁnd@ﬂl,emaheer cell-speclﬁc

33k PPECpIP e kg B oo Rl Rt Bffpronfration o

' b&isg}aateddhbsmuanﬁans;ﬂdmmdlmmme sﬁhxble@ﬂhgens that are specific to the

linic by,
PRI BB Bl B BRI Pl et
fuothemsvidenoel fdp eipbility addafamition of @aspleas@eds, | ncl udi ng

ABO bl ood typing. Patient's blood type nust be
[Gﬂﬁﬁat Twb avecku Helfibrel admissit 0 akb h’bebitzﬂ forivel ahisplahiati6, pﬂieuts are

L i S B, B s Bgnt Sl b g
t@sglmﬁramm&ﬂb o IddingatmO Slbb Bthg, Patifte’s bitdd Pipethusyeidupatible
oze til ust _before transpl antation.
Vestor PRror elisis G e pr ter ol smrloatitima s oot hospital
aAdf@ssionl HeRin@ipEsidn il iPbdeh. CHRBresdrPbd Q1 B8 shipped to the

e patient is transferred to the i1nvasive

7 h'r%rﬂn% Tr’lvgﬁ‘i?ttg‘iﬁ eRaipHinzen witl juskbefpore dapsplantations ci o u s

. @@iﬁ ‘%Q‘rggl?}tg ?ﬁit)lretga ﬁ!@f %p etgtlclmr,] t‘t}eq:%hgnatlteﬁtgrg the hospital. 'I‘he

- following morning, the patient is transferred to the i invasive radiology suite where he/she 7
receives conscious sedation. A catheter is placed in the patient’s femoral artery (in the groin)
and advanced into the splenic artery. Donor liver cells are thawed, diluted and delivered
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and advanced into the spleuic artery. Donor |iver
cells are thawed, diluted and delivered 22 preferably
through a syringe into the splenic artery catheter.
Adm ni stration tine vanes, depending on dose, from
five to approximately 30 mnutes. The catheter is
renoved and the patient transferred back to his/her
roomfor followup care. The patient is discharged

L e o ohany Lo CaL | e

, ocyte and hepatic stenlprogenitor ce

£ (SBFEpinE AR A5 HOBAIVE FRePBIOSERAY P RTERET o e SAlPIE fgmaged and the
t Qafdnt 86lsfrRR bagka b R he ook EMEHIEWLRS EAreNTRYpalitht @€ dikdh@rgad from
quantity of viable, functional liver cells including

h ;4 thourssfteBeppredist ent progeni tor cells

(contained wthin a transplant nedi umlsuch as\;ﬁal [ neg. ;

i Q953 hnBapsiois and bepalin gemfrrogemitar sl irapsplaptpiion of fag present invention
C @laly e ubdaqh Bitdl GopllRBAR BYIRS By iAfeetinpeRAkAtRy of viable,

st e progenitor cells are all owed U)igﬂam wWthin a

t Smgdenal hives cells jaeluding hapalopytesandionhenstinsiba/PEngarir oplidcontained
fgwé Bl %%Elﬂa&&%dﬁﬁémﬁhgs%ﬁﬁéﬁﬂ@%%p&ﬂdé&rmﬁwﬂﬁ 4i@¥hers the liver

I | ‘hepat ocyte functions. Dependi ng upon the .
qoclist inclpdipg hepajasyies and/or and hepetieemiprogepitor gelisasaaliong & implant

NSRA ' ted, e
SR L0 e AR s it
miydyduretionss nculingyhepaiglycemtions. depending ugonrlet quantityiof Kver cells,

T A SR

neslivea dinafidiodpfioitacied oaeheabrredtad by eplatengent ofliver finstimsweith the

caused b enet ¢ defects . resultjng in . the absence or .
ARt e (oo bepiatinh PEb a0 Het Biiol Brh® S ThuPhenitor
PE4YE iChnost a®it@ibhpehis SRkRFer] MGickilgs liveddisexasqubeal byt geaetic defects
hyper | i pi dem as and al pha-antitrypsin deficiepcy. . roduct
CRfing b dhsgncsor feaeapcd umctiop o54 HBEIS TR ¥ ﬂ@l%?fg?éfh? uet.
| SYBHideQdRs iftfdded@r K!éﬂx?te' th iyp&l}éiﬁéiﬂﬁé #nd alghaRetifyRid dufisiency.
of metabolism acute [iver failure, acute liver .. . .

| Attt disenes of dhajiver Ernihicwith the prsent egyentiannpgipde hepgiifis, cirrhosis,
f2bb re?rors%}%%ﬁngﬁ&ﬁ' dohes tivd f!aﬂhﬁé,%m?tb fi 1 tedions) a8k hénical
syndrone, aJpha |- "antitrypsin deficiency, autoinmune
hiepiaitytaheynidiiter filreachobiginsitic diliasy cipthosin élagillesyndrome, alpha 1-
C " - . . y . - . «
APt AEaaEy, oubiind hebftiie btk Yucotit Shucer of thefiver, oystic discase
 hefrtbe liveapnfatipivey, galdoryoahing galistdneshGidledri’s sysdiBmehlegpagchtomsatosis,

i Replefhs LY Oy g Rsiinf srRAtidd SholeBEE Reye's
%ygﬂﬁ&&t ) Qr&ﬁ@fsf 8, tytﬁﬁﬂm?%l’ 508 l‘l @}?bmt : ge diéégﬁélz}udl Wilson’s disease.
or aer 0 rrorm e rans a atl on proceaure, .an

TOPRAY, | 15197 DSOS Sl PRSI oD PRORRAHEARAD FFIPB Sitg By plgotod to

| idr@pThheQiviet Ml 16 R B LB RInciyin® 1B ohé GbRiigHeFol #complishing this, the
acconplishing this, the inj'ection site is t he

paierten sitg 18 e paiient syplesp. A8amrampviaien of the Flowys) lagatiog coordinates,
| Q€ Bt i€ PS¥iestinBRloSRiect a transplant medium containing liver cells, including

hepatocytes and/or and hepatic siem/progenitor cells, into the spleen. The transferred cells

then migrate via the splenic vein into the liver parenchyma [See Gupta et al., Seminars in
Liver Disease 12, 321 (1992)]. In another technique, branches of the portal vein are imaged
by, for example, CAT scanning of the abdomen after injection of a radioopaque contrast
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the injector is positioned to inject a transpl ant

medi um containing liver cells, including hepatocytes
and/ or and hepatic stenfprogenitor cells, into the
spl een. The transferred cells then mgrate via the
splenic vein into the liver parenchyma [ See CGupta et
al., Seminars in Liver Disease. 12, 321 (1992)]. In
anot her techni que, branches of the portal vein are

RS ol B oo BHRR B 0 R R ol W) SRR or e

Tt maydheni lerusedto igeat ﬂie&sanqﬂaﬁt hediperibala portalrbcdnel and thus infuse a
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i nj ecting I's and fluids into dy a

sublerisit @ desizpd Bpcetion. The hé(erpqeﬂs enql'éhnmam mprogﬁlﬁ@f cells of the

E
Y 0 B B0, e o 1
emmpbdtbc eells gan be slhpendsd,lb] aespiutan onemleediledsi alsapport wprix when

c ﬁngh\él}egutcﬁg—ldeﬁw g;/Iicléd %@%Qﬁ%@%ﬁh&ﬂ“ﬂuﬁgﬁ%k fes a

'n en 1 on can I'nto suc .
- pheimacenticallp sicegiable cagns:r @ dilyenit igwehich the de}tsfo&ﬂ@pv@@pmmam

‘ vgq%ee Fﬁ xa%I he ce s can %ﬁ%%ﬁﬁ ‘gdil?l égﬂewbq{ﬁer

© sBhutibngg Stﬂed:ntslfﬁfd)jbr dde:rﬁen mRdial Theludeasf ench, catd&s Andrdiitzents is well
"sol utjon" cl ydes .a har maceuti cal.l ccept.apl.e
kagwp infhe gpt- ﬁﬂ slbiominp Fifg‘ e'éCf ﬁ di/ﬂt%? ﬁ’gg'ﬁﬁﬁ%ﬁf%n

yﬁ%@bﬂny Htigh! p:efePéa | MRGB kbt & sltameaﬁaaﬁh@wnmﬁ@ag of @asifacture
l'uents i ncludé saline, aqueous buf

 anéploraes Aad PrewT Vs Reaing thy comtamingiog Srtion mfaofgwg%ﬁ’éh as
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art The ut|o re’fer eriie and fluid

amldethnmrm anth e léras §‘a01_u§§m_ of thetinyention eapibsprepared by 1 mcorp orating
vEbeef Al RR0nh 1 %&Q %Laﬂ%%c%rﬂgd fer&th P4 Shayxﬂgc%ﬁuéahﬁ acceptable carrier or

condl 'ons o
diluent and, as required, other ingredients enumerated above, followed by filtered

sterilization.

- {0087} Support matrices in which the viable; functional cells can be incorporated or
embedded include matiices which are recipient-compatible and which degrade into products



and storage and preserved agai nst the contam nati ng
action of mcroorgani sns such as bacteria and fungi

t hrough the use of, for exanple, parabens,

chl orobut anol, phenol, ascorbic acid, thinerosal, and
the like. Solutions of the invention can be prepared
by incorporating viable, functional |iver cells as
described herein in a pharmaceutically acceptable

@af drt 86t b@fmfulioltitretipiBRd NadBal 2888 JyREletic¥i able matrices are
i ngredi ents enunerated above, followed by ltered

etaEpiasioL ach gririqey %MW&%W@@M%&% e €2
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' praierrad: foem imerhicH ¢he Isgndaiie bredntpabgeadits tiswredipiant subjects.
pol yanhydri des, pol.yorthoesters, and polylactic acid.

4.h e IGENK EHPRSS YOOF SYRHRAIENTHINGENFIONand net hods  of
“incorpbdrating or enbedding cells into these matrices

18P3B] Kk ormey themmhbmaacltlml Ssulishaye in gongal g msmomtmg for both
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ckﬂ@&ﬂﬂmﬁhmewhhamamymﬁhmhumm@miﬂﬁamn@@&uhmﬁshamenungmeﬂmnmy

ener al heen _.di sappoi ntin or. . bot h. Sj ci ans_and
o e Ao, T e et pt fen, Rl PReaiavEy ¥ o5 Bk fogonous gone
zﬁﬂdiﬁlie?deﬂeﬁ}dgﬁiﬁ@plﬁitﬁg %E¢ ol @5&0 tHelibﬁtlénw w@cagfat’@t disbrdess are .
. ce opu atio such as thgse, prese
dscenidine %‘H@I“&%‘i’lﬁ@hﬂyﬁ’é ewe?ﬁtﬁiw ﬁ% foprenst Vénakemmoﬂm
phA6iA,Umeh £ thé BRdsing T DICRpIEs ArtRBRehAStRObRM 4ndclotting factors in
represent a promsing cell population in which to
hegmephiliz.and maintain efficient gene expression. The

gene therapy of the present invention, in one
f@ogop diAnmeajbr, impletimebicin Wﬂuﬂvﬂ(httbn)dpiis s sohicve gtable irtegrationad Soreign

8 q%? %3 ?‘ilfgl!yg’g% ﬂ Céﬂs lbg i % %rgfrt%g% %ﬁ%ﬁﬂ@?ﬁ%e G {hlcs?’e cells to
pEYISRAS BSvifr8S This hﬂﬂar!idilﬂﬂ\ytpli’cﬂ)léiﬁh'&b ifbdl detémBls té ﬁﬁerpéidgeﬁﬁus genes in

liver cells to properly nake an inportant _protein
g cpllsy gn@q@a@ge@pﬁgcﬁ@@orn@&gﬁe@o§omﬁlete cell division in wfro or, at

ga;%&sr@@bﬁifﬁez QVRT.E RN, 8tdd tRAsbAGH ALSwdrB performed using

B enophrlia” [00 E%ptgm maj or”i'npedi nent in the current
t‘-snatoemg! isolated from ghedisritablerhypetipidemie raltbits owleirly are widely used
as an animal model for familial hypercholesterolemia in humans. Like their human
counterparts, the ‘Watanabe rabbit cells contain a genetic deficiency in low density lipoprotein
(LDL) receptor, leading to high levels of cholesterol in the circulation and increased
incidence of premature coronary artery disease (Wilson et al., 1990, Proceedings of the
National Academy of Sciences USA 87:8437). Rabbit hepatocytes were infected with -

~ recombinant viruses cartying a fimctional LDL receptor gene, and shown fo cause a
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genes in eukaryotic host cells of different organs is
the inability of nost of these cells to proliferate
invitro. This is particularly problematic for
attenpts to insert exogenous genes in liver cells,
since mature hepatocytes do not undergo conplete cel
division in vitro, or, at best, undergo only 1-2

di vi si ons. Recently, gene transfer studies wer e
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[0091] The liver is a center of production for many secretory proteins. It is anatomically
connected with-the circulatory system in such a way that allows a efficient release of various
‘protgins into the bloodstream. Therefore, genes encoding proteins that have systemic effects
- may be inserted into liver-cells of the present invention as opposed to the specific cell types
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defecti ve gene has been identified and nol ecularly

cl oned; however, it is not limted only to these
conditions. In addition to gene therapy in an
aut ol ogous setting, hepatic stem progenitor cells of
the present invention carrying functional genes nay
al so be transplanted into allogeneic HLA-mat ched

i ndi vi dual s. Exanpl es of target genes and their .
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T O T R
- 032 5P1oE. QK Wicfd. IS31. URASTEAIW7LR30)) Gffrticular interest are vectors based on
bovine papilloma virus Which bave the ability to replicate as extrachromosomal elements
 (Sarver, et al., 1981, Mol. Cell. Biol 1:486). Shortly after entry of this DNA into cells, the
plasmid replicates to about 100 to 200 copies per cell. Transcription of the inserted cDNA
does not require integration of the plasmid into the host's chromosome, thereby yielding a

high level of expression. These vectors can be used for stable expression by including a
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recipient cells. [0094] The preferred nethod of gene
transfer utilizes reconbi nant viruses, such as
retroviruses and adenoviruses: For exanple, when using
adenovi rus expression vectors, a coding sequence
maybe |igated to an adenovirus
transcription/translation control conplex, e.g., the
| ate pronoter and tripartite | eader sequence. ThIS
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‘which allows cells to utilize indole in place of tryptophan; hisD, which allows cells to utilize
‘histinol in place of histidine (Hartman & Mulligan, 1988, Proc. Natl. Acad. Sci. USA
85:8047); and ODC (omithine decarboxylase) which confers resistance to the omithine
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sel ectabl e marker. The sel ectable marker in the
reconbi nant plasm d confers resistance to the
selection and allows cells to stably integrate the
plasmd into their chronosonmes and grow to form foci
which in tam can be cloned and expanded into cell
lines. For exanple, following the introduction of
forei gn DNA, engineered liver cells nmay be allowed to
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that may have applications in therapy.

[0099] Asatool for the drug testing and development process, the liver cells and their
- progeny could be used to assess changes in gene expression patterns caused by drugs being
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HLA- mat ched henophiliac patient. The transpl anted

cells wll presumably nmultiply and give rise to
mat ure PC perform ng normal liver functions, including
the production of clotting factor VIII. [0097] In

addition to using the liver cells of the present

invention for correcting liver gene defects, these
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prese

by these cells will be of human ongm 50 immune reactions should be minimized. The

_ progemtor cells can divide extensively in culture so that cells from one donor liver may be
+ able to supply many LADs. Most importantly, these cells should display the wide range of

liver functions necessary for clinical utility.

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

4.7. VACCINE MANUFACTURE OF THE PRESENT INVENTION
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i nvention answer this need. 4.6. LIVER ASSI ST DEVI CE
[0100] The liver stem progenitor cell technol ogy of
the present invention has application in the

devel opment of a liver assist device ("LAD'). LAD s
are designed to provide treatnent for patients with
acute liver failure by providing liver function for a
short period of time (7 to 30 days) to all ow
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123763-38} d0eAifergydesiaiption of the me Ofmceglbmntﬁﬁm@}q Qspst Wirpg coding for
NS ol BB Ycthl d[SrBl%uﬂB @ﬁ&ﬁy&xspgﬁémﬂaﬁm@% ofdd. date.

Priotei ns secret.e by these cel of 'human
rigi ne reactions should be mnimzed. The
%rogeﬁ’?@‘g\@@ll s can divide extensively in culture so
‘that cells fromone donor liver may be abl.e to supply

Felny EROSESHSIMMARY t ant |y, these cells shoul d

di slo_l ay the wide range of [liver functions necessary
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odum§§0F Yasfid@e For exanpl e,
I cien

repllcat|on V|rus (eg, alentivirus - see,

'0 N e? %Zizma@ﬁs )06) can be used
’ P%l I 'nf ect ur?é%ce iver erelrn %ﬁé vi rus has
bitmfiwiven tidspan. amfm.mad/pﬁﬁ triplelhapgegdn e soderoadven @peo i a biological
[ tei. igen The ecific
045 AR 040, BRI B uRhed SR s F0F anBBER0L s GoBiRbEA) A sample
6ﬂﬁ@m3PﬂHEM i ©fiken for sterility testing. (VIASPAN™ is useful as a hypothermic
" solution for flushin g and storage of organs.) The liver is moved into a sterile bin and soaked
in an antibiotic wash (0.1 mg/mL Gentamicin and 5 mg/mL Cefazolin) for S minutes. The
- liveris turned from top to bottom during this procedure to ensure that both sides are soaked.

[0106] The liver is lifted and rinsed twice with a total volume of 2 L of sterile normal saline
over abin. The liver is then transferred to another sterile Bin. The vena cava is clamped
using two sterile, disposable, plastic umbilical cord clamps and the portal vein and/or hepatic
artery are cannulated with pre-sterilized cannulae made .of plastic reducer/connector of
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Basically, liver cells of the present invention are
infected with the reconbinant virus. The infected
cells then express a protein antigen agai nst which an
I mmune response is nounted. It is expected that the
i mmune response (anti body or cell based) is directed
agai nst an infectious agent, such as hepatitis C
Subjects exposed to the infected cells are then
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‘ensure that both sides are soaked [ 0106] ,The |j ver
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unbi lical cord clanps and the portal vein and/or
ﬁépat@@wﬁmm?g@m%t ed with pre-sterilized
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* [PAP8lo Bhecrydecell musprayion ip pesp cre P & APATEPHAfygber of
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lver is trans erred to a perfusion tank and perfused
sispensian ispogished forlive astiebymidang esialiveluntes of the call pepcerirajg and an

?F@%@gﬁ%ﬁu@rﬂ (%\% Ig@x;n%l adl %M:go B8 OB odh ién 'wlaglfe{: After
centrifugation at 2000 rpm for 15 minutes, the desired cell population will move to the top
and form a band. The bands are aseptically collected and distributed into an appropriate -
number of 600 mL blood bags, at 2 volume preferably not exceeding 200 mL/bag. The
volume in the bag is then diluted to 500 mL with RPMI 1640. The bag is centrifuged at 800
x g for 10 minutes, and the supernatant is expressed out. The resulting pellet is weighed, and

- ‘enough RPMI 1640 is added to achieve a final volume of 500 mL, and centrifuged at 800x g

" for 10 minutes. After the supernatant is removed, the post-wash pellet is weighed, sampled

for cell count and viability, and re-suspended in HTS to achieve a concentration of 6 X 10
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120 - 240 nL/mn). At the end of the perfusion period,
the buffer is drained to waste through a drain port

| ocated on the bottom of the perfusion tank. 5.3.
PERFUSI ON AND DI GESTI ON [ 0107] The liver is then
digested with a perfusate containing LI BERASETM C (an
enzyne preparation containing coll agenase and

el astase) for 30 minutes at 28 C 37 C. At the end of

ddeﬁ?ﬁﬁﬂ, q@nﬁlﬁﬁal&-@@ﬁ%ﬁ% 05 e e BmbbofdERY, B8 Bands

he liver 1s perfused wt co er um cont al hi ng
wﬂlp%iﬁ%e@bmmﬂbﬁwbpl di gesti on by the enzyne.
After t he Iast rfu3|on the buffer is drained into

E and the tank is r epl enlshed W|th
S ont |n|n ol lection buffer. The |j
ﬁﬁﬁ@m e el Gevn H&H‘a‘l & @ llrohuge gty SuL) iilgholed, 33-mL
SHiofiplaskic agaia@ﬂnms hﬁﬁéa%msan@aaeﬁﬂle(off&ryomﬁaam

nor e tha 0O m nutes aC|I|tatethe dISSOCIatIO
Mgt Humanypespn §01202 wchlmm fingbeogpepiretianofidi s Kl eells /mL, 10%

, mseran& P0N Rfral? §5Hm I THS 04k AcSFbren udiltt &‘?ﬂr oug{?@%ﬂnabm freczer,

the resulting cell Suspension is passed

- ‘ppdtipifrogey cella ag sﬁorqbznuvegormtogim@@ezersoat lea8 34 hows PO finezing,
| |18

g%ﬁ IE%: f&é Bllﬂli&hitq%)n%{h%ﬁ% %lﬁl %&b%%%eﬁ%&gﬁqm% for release

Tistngr ude cell suspensi on is sanpled for in process

testing of wviability, concentration, total cell

Sdunt PROCERE FpOW GHART i ssue and sterility. 5. 4. :

DONNSTREAM PROCESSI NG [ 0108] The crude cell suspension

(&1 18K e Atflovattiayt that desstibesrtbemamfahuing prosespeifamedisprovided below -

of 600 niL bl ood bags and concentrated by

ednt r APYIMESBRABION BT GLIICARSTERcent rat ed cel |

susE nsion.is enriched for. live cells by m xing equal .

Glinjcalisppplice will bayshinnad foslimicalfifesin qualifedprEwphpse liquid
iflofd ibppfs 2 s el ke WP B 100 B T8 Gobies bontaing

cen |fu
ihewall espertsiva vdﬂsremmd irctht shipyeep uhti ttheqrationt Izé readyy Bdfare ke the

sty gl it 1 S
#lhe|roR6vdanGH, usthg fand@idlRptRIHRERTR Plokediids the cell

excee 1 ng 200 nlba The volune in the bag is t

Hispapsion it Gilugigenrfold with solBipsme d 4>© I’Fw@thgav@fqbgg prior o
sBbitddid edaR gmgé}@. THY g%)%d th%l e@ﬁ‘ th w8 the cells prior to

super nat ant expr ess e Tesulty ng pel
inBisiphand Immm:zee feuiph oRFWhproBiking sssnhtjd edhet emt@dtmmwf the invention

PVl BT B oot FuopiBEs 300 it B potioflsa psO

{196 huitvesd Berped ABt(I%y, H@msmMe @%)fabd R&PMIlmﬂﬂWﬁhenol red

and viability, and re-suspended in HTS to achi eve a

@&rdb/ﬁ)tmé’hsma Iofe®. x 10~ 32

5.8. ISO_LATION OF PORCINE LIVER CELLS
[0112] 'The procedure of filtering and collecting a cell suspension, as described above, is

_ followed for a sample of porcine liver.

[0113] The sample is tested for viability, density and yield. Afier calculations are made, 10
- billion cells are removed. If the density is lower than 25 million cells per mL, the cells are
concenirated using either the Sorval RC3B centrifuge, Sorval centritech or the COBE 2991
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cells /m. If multiple COBB runs are involved due to a
| arge nunber of cells, the bands collected from each
run will be pooled. 5.5. FILL AND STORAGE [ 0109] The
cells are then manually filled (at a fill-vol une of
1.5 m) into | abeled, 33-M. fluoroplastic cryobags
and subsequently m xed with an equal vol une of

cryobuf fer (HTS DMSO Human serum 60: 20:20) to

ke b iR EEMsR A2 Bl ol rbMiTosdmedichpdphenctrc.
Cﬂwvﬂcbuﬂreugommmhkmrréam @260 mL 51661 bdgend BOERA voRine{250 mL) of

a r ed va ni trogen freezers. At |east 24
%f%i 1@’ I%’:SG% "6V BYRemsdt | ed from t he

f dieg@ibelicsaBi/EhdRRPSh
fo elcesase ﬁt esti ngb&g .ﬁl R&%ﬁﬁ%@wdﬁffgﬁrﬁls

c K twvosplationsare mixsd dogether tharnuebly end kepyegld.ocess

m r‘fheéll:éf%@ %{1 d below 5.7. ADM N STRATI ON AT

CAl F PIQSESSAT 8 &6t WP SBEiastngle procepsing set. The cell
Sdﬁls]ilﬂ@ldni@gr&h ﬁimgﬂh&?eill]n@ oftiidlshi IGide HARGH ?ﬁlledé
liqujd 'nitrogen shippers that maintain a tenperatu
atengfugslion iy b egggat@OO{%pg: B’é'gsA@mmhngbGalwel%mﬂofRPM
Slﬁa@ﬁféaiaqgla%ﬂeh oﬁ 'ﬁle' éﬂa&éﬁ?uﬁﬁ%ggg{st&g@t b thEOmLf to act as

patlent is fead Y. ore use IS rermv

fougiy fom eswnnggém@ndﬁqdﬁamh@etthpmmm “d8dan@d” arackpeed of 100

| usi ng éntq g&tgga%ﬂé]'ﬁ’ 815%%%%? éﬂé‘ﬁggin [ & thﬁga%%epelletm

- slropeligitalifidesidid) for ﬁdureh em!fmﬂ dI‘hMtb@chld:laﬂd is placed on ice and sampled
y in the.cr rior. to
BT V. ol A T RRE0h B ! Bctopated pocine
me%ﬁtdmmm ﬂ;&ce@.ﬁd (Onde ﬂﬁﬁlﬁ hfuhﬂ aﬁ@édf lScted éﬂrpobléd together, the
i nf usi nd .m es the rj conprom Sj
’F’Fﬁ?%’? @h‘%‘é FWé#fiﬂ ?43@/ dilpfing i1 gllection gt'ﬁ’wapql
. b&ﬂﬂ:ﬁigﬁll ori 8 300@@@&11' 0 inie :i Stﬁslaﬁ{Q(BBl OfheG&dul, F:llet is
and thither conprise DVSO hurran serum AB

FEt B e b ot Dot sxpeoded
acod i bdgh b/ BENRLL VRO poreind ool ,ﬁ%ldwm% 30k nroted-

| LI VER CELL [0112] The rocedure tering an
Eabe freczer ongr Q'@émlﬁ%penm on, as described above, is
foll owed .for a sanple of porcine liver. [0113] The

[mm;s;] eThspxémt dteittivh is/h@l bd linditedia Redpe by M bxihaflifbd embodiments, "
ns are b||||on cells are

r Qa .
‘P’ Vil eP#ed? ‘if@ﬁ%?ﬂsy%"rl%gﬁsm# theinypntiop Jrdeed, yagious
PBdifightions BEthe Bhvehiied 1 addition to those shown and described herein will become

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

'~ drawings. Such modifications are intended to fall within the scope of the appended claims.
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concentrated using either the Sorval RC3B centrifuge,
Sorval centritech or the COBB 2991 33 cell processor.
The pellet is resuspended in 250 nL of RPM 1640 nedi a
wi t hout phenol red. The cell suspension is
transferred to a 600 nL bl ood bag and an equal vol une
(250 nmL) of 25% I odi xanol (Opti-prep", see,
http:/ww. nyconmed '
Drag Paddud MAUT @A CrRit prep/ optil . htm) diluted
in RPM 1640 w o phenol red is added. The two
dalRibeanTedr e ni xed together thoroughly and kept col Gomments
[0114] The COBE 2991 ceII processor is set up using a
S ng set. Ispensi t
hﬂghgﬁﬁé ?ﬁ%ﬁéed linejo Ez?i&%g? Once tﬁgmgg gﬁﬁﬁé & Sorology
|@w4w++ﬁﬁihu=centr|fugat|dﬁ”ﬁ?@h@buw at ZOdBmPEWPP8¢ﬂ1§W oFO.
mn. As centrifugation begins 100 nL of RPMufinndteg(Qesting by contract
nmedia is |ayered on top of the gradient using a
peristaltic punp at 20 mlJnih to act as buffer for
the m xing-band. After 15 mh the top buffer is
"deqan@ed at._a speed of 100 MY /mn into a waste bag
P8h CBl1 bangis collected in a collection

Bﬁ@#“@ﬁ@”ﬁ@#fbt is gPastypp fepioBipoditf desired, for

- future anal ysis. top MEELEENG | pl aced on ice
and sanpled for viability . The process is
repeated until all the unfractionated porcine
hepat ocytes are processed. Once all the bands are
coll ected and pool ed togethey, the conbined collected
cell bands are then washed diluting in collection
buffer and centrifugation at 3000 rpmfor 10 mn
using a Sorval RC3B. The resulting pellet is
resuspended i n cryo- pr SsttiotigwesbhRidseif f er at a density
of 30 mllion/m.. Ali d, are placed in
bags and/or vials. The fi nal porci ne cell preparations
are stored in a controlled- gate freezer over liquid
nitrogen. [0115] The present'i-nvention is not to be
limted in scope by tr%@ﬁ%@#ﬁ%thed enbodi nment s,
whi ch are intended as i BoBRs| of i ndi vi dua
aspects of the invention. |ndeed, various
nodi fications of the inventijon in addition to those
shown and descri bed herein Il becone apparent to
those skilled in the art fron1the fore90|ng
descri pti on and acconparmygik ] hgs. Such
nodi fications are int thin_the scope of

t he appended cl ai ns. ' ManutZeP | ow
Chart In-Process Test Cbnnents _ 15 min
" ' Digestion with .
Librerase buffer 120-200 mE/min
28 -37°C
30 min
. l Turn off heat




Li ver Acceptance criteria Receive Liver in Donor
Screening & Serol ogy Conponents Rel ease Viaspan (40
Testing provided by OPO. Confirmatory testing by
contract 1 Sanple Viaspan for sterility testing
Marina) Transfer to a class 100 hood, weigh Liver t-
Antibiotic wash, Rinse , 4. Cannul ate and biopsy 1
Perfuse with warm chel ati on buffer 120-260 nmL/mn 15

mn 1 Digestion w th320-200—+m/mn i berase buffer
B

28 - 37C 30 min Tu Pey fuse with cold,
serum contai ni ng col|“efyng §olseH fer5l min Mechani cal
serration in cold, serumcontaining collection butTe
20 mn Filter using prefilter and preste?f“l“’i zed

I- Mechanical serration in cold, I
|serum-conteining collection buffe

<20 min
Filter using prefilter and presterilized
tackable stainless steel sieves : 1000,
00, 250, and 150 pm
Crude 'Ceﬂ.Snsgension: 4’
*  Viability, Crude Cell
s  Total cell count Suspension in
Blood bag
s Cell concentration 4°C
-t '

e Yield /g tissue

»  Sterility (Bactec)
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stackabl e stainl ess steel sieves 1000, 00,250, and
150 lira Crude Cell Suspension: Viability, Crude Cell
Total cell count Suspension in 1 db Cell
concentration 4C Yield /g tissue Sterility (Bactec)
36 Drug Product Manufacture Flow Chart (Conti nued)

I n-Process Test Comments Concentration in RC 3B 800g
L centrifuge 5C 1 Collect pellet and resuspend in

j r.viabl e I y mxing with 25%
ﬁ%&%ﬁﬁ“‘t@g’é{'&fﬁegﬁwﬁﬂ% k(io:n%,“g@nd centrifuging in
a Centrifuge @2000 rpm 15 m n Pooled M xing Band
Viability Cell count & conc 4 Collect the band at
thePEiREs ARG Pool  Post washing Pellet Wash the Band comments
twce with RPM TI640 (W0 phenol Ted] RC 3B o
centrifuge, 800g for Viability and coll ect pellet

Concenfration in RC-3B 800g
centrifuge

v

Collect pelilet and
resuspend in RPMI

5°C

v

Enrich for viable cells by
mixing with 25% Jodixanol | Layer 100 mL RPMI

{1:1), and centrifoging in a Centrifuge @ 2000 rpm

15 min
Pooled Mixing Band | : ¢
e Viability
s Call comnt & conc: ~———— Collect the band at the top and pool
Post washing Pellet ‘Wash the Band twice with
' RPMI 1640 (W! [+ 'pheﬂOl red} RC-38 centrifu ge, 800¢ for
*  Viability and collect pelict €
1V LI, ST . : 10 min
o

v

' . Re-suspend in ¥ the volume of HIS
ey S required to achieve a nominal cell
| - V_labﬂlt)' - conceniration of 6 x 107 cells/mL
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to uunmm :)-t, 10 mn Re-suspend in Y2 the vol une of

IMre used to achieve a nom nal cell Vi abi | i

ty ~_

concenhation of 6 x o' cells/nL 37 Cell count &
conc. Add remmining volume of HIS . Viability
required to achi eve nomnal cell concentration (6 x
| o' cells/nl) Cell count & conc. Fill cryobags with
1.5 n of cell suspension Select a sanple for: 4 |

Add ?ﬂ@mﬁﬂ&ﬂFgcryobuffer (concentrated) Viab

lity

Cell count & conc. Freeze using a progranmable fit
(Cryonmed) tore in Vapor phase Iiduid nitrogen freezer
anple for release testing after 24 h t |Sterility: 3

bags from begi nning, ni ddhgs RRski@n@nat of ks i ng

JEndofgd, ns: | bag at r ajnsquiedua ehizteiominait cld -

random 38 d ai E@: 1) A corpotint(é o’ cbymdi $i ng a
S enri i

P Op uLaltchde erne.C el tred——m—viabte,—funct i

| bag at

onal

liver cells, including hepatic stem progenitor cells.
2) The conposition of claim1 in which the liver cells

are human liver cells, or mammalian liver cells.
Fill cryobags with 1.5 mL of cell suspension
v
© Selecta sample for:
4——-| Add 1.5 mL of cryobuffer (concentrated)
+  Viability .
*  Cell count & conc.
\ Freeze using a programmable fie
(Cryomed)
tore in Vapor phase liquid nitrogen freezer,
ample for release testing after 24 h
\ 4
_ |Sterility: 3 bags from beginning, middle and end of filling
Endotoxins: 1 bag at random
(Characterization: 1 bag at random
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3) The conposition of claim2 which further conprise
hepat ocytes, biliary cells, henopoietic cells, or
conbi nations thereof. 4) The conposition of claim1 in
which the liver cells conprise cells which are
positive for expression of EP-CAM CD 133, or both. 5)
The conposition of claiml1l in which the liver cells
conprise stem progenitor cells of approxinmately 9 to
13 ingrons in diameter. 6) A conposition conprising a
popul ation of liver cells enriched, relative to a
cripda suspRiich Odihn@f‘zs,]ﬁ‘gﬂ 4 SpoptilktahnNefl dellOrBnlithé@r in ivilble, functional
V|agl function gatocytes and hepatic

st enlif5F & mqugme @P‘%tmﬁ®“¥ﬁmgnééﬁp05|tlon of claimé6

| ) WinheC Robiaitibi V8T c16i@l 1S il @hidAU BB Nidel Vi@lls GR! thSmarB v ells, or
conposition of claim7 in which the popul ati on of

| i vefampplies iysgedliser  conprises biliary cells, which

ositive._ for expr.essjon .qf t okeratjn 19 CK19
aﬁj’g eegcgfnf’?fémflof’?egﬁineisi ‘glﬂabf % uRFRPrisy)) heppfacytes, )b‘ha‘"y

conpads, heddpofic €&ligoMombingtioM iheloft he st ent progenitor
cells are positive for the expression of EP-CAM
CB13Bhe eempwsitin F0laithd domddi theotiveof cetlh adonpBsei rells which are

Whl 312031%1 efPP € %Ls?tn OQ%PfdAl\II QZ‘HH? %FF 2.1"1 ?:S 9.

phage I'ineage ¢ Kupf f er
C% |’§ﬂe’ Cl)IM}F@ﬁIQI?y(;fe%Ia&Iﬁ Q -in . Whicly "ROOGML ec%?ls COTRSISG ﬁtem/progemtor

endot hel i a | s, or conbinations thereof
conp??H$Qﬁaﬁﬁomatelwamﬂ%mpmnsmdl@hﬂtme popul ati on of

Xer cells is depleted of cells of the_ inmmune

;? tRnFOReSIEY) CPRENEMFoSOPHHI ol clivaf iclis quRichgli gplative o a

t he paRhpbdsRA ®tells ioMBiheCBdth Bvdr Sin BRIk St HonR hepa®l it 284 hepatic
t he i mune systen1by use of negatlve i mmunosel ect’ on.

13) Wﬁ%mﬁﬁﬁﬁ6§?k1on of claim12 in mhlch t he negative
%%gljnfo%lth b BF clil L §ich et celly are {%m ]lﬁ%r cefls CD14

d | 'etion, or co na I ONns ﬁereo

hgpopRi %Bxhﬁomh@@l L. cla]rﬂ ) 7The $REP Olﬁé L‘)(&Elaﬁ) n G LetlsM further

whi ch the cells of the imune syste are
deplemedses hdinydesllsovitbyare sositive fopdragesidni of eatpleretal 1%5(CK19) and

€. Ghea os mlymphocytes (e.g., T
.(yn%r %él?‘?lg)gg)%{’ &&Léfsaﬁm loymphocy (e.g.

9) The composition of claim 6 in which the stemy/progenitor cells are positive

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

10) The composition of claim 8 in which the population further comprises
monocytes/macrophage lineage cells (e.g., Kupffer cells), lymphocytes (e.g., T lymphocytes),

endothelial cells, or combinations thereof,

11) The composition of claim 6 in which the population of liver cells is depleted

of cells of the immune system.
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15) The conposition of claim6 in which the donor

l'iver has been subjected to a period of warm

i schem a. 16) The conposition of claim6 in which the
liver cells are obtained froman asystolic donor. 17)

The conposition of claim6 in which at | east 75% of

the popul ation of liver cells conprises hepatocytes

and hepatic progenitor/stemcells. 18) A conposition

conpri sing a_population of liver cells enriched in .
vildbthe, confrgsiqe ghgampi 1] dp ywhidh ity appylaigpf | iyer cells is depleted
st endrpdlR gam hunE &ktkE by dsdbf EBRIvE RS detebn, of claim 18

in which the liver celfs are human liver cells,

pdBEThae chmpositiorc edfl $lainor 1211 Mt whizk thee megiive Zinuldi€lection utilizes
conq3§'t' | ai 8.in.which the.liver l1s ar -
obt ai n‘iesdbﬁ?’o?onﬁg%’ “a ylizlt %T{g%ond 8’61%’?”%8]@“??53"@“‘8@3%“”’0"6 emopoietic
subjeltt ed to a period of warmischem a. 21) The
conposition of claim18 in which the biliary cells are

pd4) The vernfpositionexPrassi bin inf wightl Ihearellsnefjahd vimmfugr system which
expr.essl of .al bumn. 22 thod of treati I\Ver

i S hlly B BAMCcorRRlpRel AN ol (TR GEB ey ooyt
of depoplynphicgms)ofrbatel | s enriched in viable,

functional liver cells, including hepatic _

st @hihe cemepepitiencef claih 6 in widhythepdpaoriivertveibesh subjegiediozopetior of warm-
whiqghﬁgginistration is effected by introduction

through a splenic artery or portal vein. 24) The

mef)ad  edmpeliddnm o2 2 clhith Vi ig hwadi Bt Sttt can e ehhitst 8m an
by introduction directly into the liver pulp. 40 25)

The 2%Ho%8% claim 22 in which adninistration is

e ted by.introduction under the ljyer .capsule..?26). ..
TR TR BRI E i T WRFC ol 1oL ro4c Db, prpaioR bt iver
ef f eclisetmfirised Rpat@giscind Bepatichro@aitdrigtemtits. t he spl een.

27) The nmethod of claim22 in which introduction is by

i Kusi ompositiom| entprigng 28 pofilgomepholivenf cellsai emiG@di mn  viable,
whi A A ' > . nal hepatitis, cirrhosis,

i nb%%ﬁaﬁglrdg;%g%ygéﬁg? %’%@ﬁ Sltegrﬁﬁ]rg%%ﬁ%rgsﬁi ver failure,

apyytr@e | donbsitidAl BELdILAS 18 AaULBIcENERT GRE cells are human liver cells,

porcine liver cells, or mixtures thereof,

20) The . composition of claim 18 in which the liver cells are obtained from an

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

21) The composition of claim 18 in which the biliary cells are positive for

expression of CK19 and negative for expression of albumin.

22) A method of treating liver discase comprising administering an effective
amount of a population of cells enriched in viable, functional liver cells, including hepatic

stem/progenitor cells.

23) The method of claim 22 in which administration is effected by introduction
through a splenic artery or portal vein.

24) The method of claim 22 in which administration is effected by introduction
directly into the liver pulp.
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toxicity, chronic liver failure, cholangiocitis,

biliary cirrhosis, Alagille syndrone, alpha-I-

antitrypsin deficiency, autoinmune hepatitis, biliary
atresia, cancer of the liver, cystic disease of the
liver, fatty liver, galactosem a, gall stones,

G2Péet msthey nefi otwep B noc lwhshabdsinistratioh eppatffacted By introduction
hepamilarihs liger chpsplat i tis C, and other hepatitis viral
infections, poryphyria, primry scterosing

c RO T g methed ﬁey:gﬂ% 2y niglr giish  admigigragiersi &g, effected by introduction
t yr aisdile Mtdthe tptee. 1 gl ycogen storage di sease, or

Wl son's disease. 29) A pharnaceutical conposition

C DTk miethgd &f cfaopd iatwhizh inrbduciiongds byciefubisn @Atjéctified 1 n

viable, functional liver cells, including hepatic

se@rihpr ogbwl tobrelamel b3 imnehich pivatineC distasec andudes  hepatitis, cirrhosis,
%Fgﬁotoﬁig Lé&frlg 3}; %&e%g?lisl%o)acuw] 1ve? Vagurtg Ny fm?ect%ngn %ute cﬂenﬁcal
| i vdexiate] ¢heonicolivendaiorar @slamémnﬁ,dﬁharﬁ m)rhd'sii’se Attagrlﬂp (ssndrqmn alpha-1-
g; %@Q’E%“%? ﬂcf%ncfy’]e{ugmm lﬂ%hl | Verébezfr:]e lusasf%1 r& Obtf"%herllverécysncghsease
of warm liwgheity Hyer,3Rjactbhmmix @atbomis, |®]’memi£ syrldaving) H@nqchromatoms

\22 :O?lh aEslPsgAn Sh:)? %gﬁ%ﬁm%% ?r%%)lﬂllels hep%t%ts Ria é%fszc\{%séporyphyna primary
c onpasptingehobfigitd, Reyels 39ndrmw\,bﬂr®hﬂomhe:ym$m@ Itypg e ndlycogen storage

cell tely 9 to 13 microns in dianmeter.
34) d%ﬁagg ga“n@g(%l t o%aof claim 29 in which the

PHRAL I n

fsg 3@&&%@&} hﬁég@%ﬁﬁﬁg&gﬁéﬁg dlpg;%udgf&* IPE(E(?eH% goiched in viable,
whi émctignal Brear eells clodiding hepaiiec etelptpmgh@toc aelts end afphpgrigequtically
i ncLydasabumgap serum and di met hyl sul f oxi de. 36) A

meth of conducting in vitro toxicity testing

COYNRé SdoRBositioft 1 of | Jai@XPOShNGHELR @Rel BRt RO€Nke duman liver cells,
popul atign of liver ce|lls enriched in viable,

f un@PFBRAYer PelipF mityrpsdhereof el ydi ng hepati c
Il bs
o Ehe" P of ety 28, Whigh o0t i ol S gpm o

| i vesystokd doBor o8 Hjve Béva siitgdcted tb 20fericd @fivims fscheﬁuaz\hl ch the

at |l east one effect includes an effect on cell
viZah¢ i coppositisin| of urigmi @A, inorwhindt lthe 38M/phogesitonockllef are positive

CONHELLNGo ¥tk G5, gRbbo! | sm studies

33) The composition of claim 29 in which the stem/progenitor cells are

approximately 9 to 13 microns in diameter,

34) The composition of claim 29 in which the pharmaceutically acceptable carrier includes

HYPOTHERMOSOL™,

35) The composition of claim 29 in which the pharmaceutically acceptable carrier

further includes human serum and dimethylsulfoxide.

36) A method of conducting in vitro toxicity testing comprising:
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(i) exposing a population of liver cells enriched in
viabl e, functional liver cells, including hepatic

stenf progenitor cells, to a test agent, and (ii)

observing at | east one change, if any, involving the

test agent after a predeterm ned test period. 39) The

nmet hod of claim 38 in which the at | east one change

i ncludes a change in the structure, concentration, or
both of the test agent. 40) A liver assi st device, .
c@)npr | SPHGEL Hst ST HORVBEPI V%ceﬁbﬁw%ﬁfiﬁfb‘ﬂab% toggiopal liver cells,
eincthdifpetdpdtio stemipedabor felif)@td onal |iver cells, including

hepati ¢ st.em progenifor..cells. 41) The device of clai;

AP TrPne 1 e Pt ot iecestlspttat 46 Pese A e ool
Sﬁtl’ﬁénnge%{oldsof oAl R fﬁet\n@:ﬁg ?1 rat.tlre%%?td D%l %rclﬁdegfan effect on
gehe expression conprising: (1) in r03u0|ng Into a
popadlatidbdity, oéll funetien, of bater cel |'s i ncl udi ng vi abl e,
fupctional hepatic stenfprogenitor cells a functiona

cBp msthod ofemducting 5 pigvidee metabolismstudienerprigegdul at i on;

and .(ii) introducing into a patient' s.liver, which . .
pat F‘Ssnt PROTH arPé’B‘&}a‘g’F OF‘H’@ 5] %P'FF‘%?HH% vighlsp ity ffger cells, including
gene, at hdparaSstendproRhitdr dlis Qb a teh@gdnt, amsf or med
popul ation. 43) A conposition for treating errors of
gendi)ex psieasing at le@nRei cBinde iBank) iBRSHEY R thst ApEH dhedlaipBidetermined
of human liver cells including viable, functiona
hepatic €¥@F¥Y¥r ogenitor cells into which a functiona
0 . . 2n J ntroduced. 44 )

PP Ui 3 R L hIGHEE Qe ol g tamasyin g giucnre,
ex peassiraivn, @dntbrof $e gt agenpopul ati on of human |iver
cells including viable, functional hepatic 42
AC Mrlyerorgesiidediee eoglprigng hbysing harhoriag faumapulition af celle pyrichdd in
a o . j ticall

08RG, ARudaaR el Qe gg;aﬁﬁ}gh@% s@em/;lﬁ}??egoﬁan SN y

acceptable carrier. e Compos claim44 in

i) The detie GRRINBC RUHI® Ak e elaR! @Eie@d 6EikduBE system cells.

i ncludes a m xture including Nat, K+, Cat+, Mt+, Cr,
M2iPOmethaCRB treatifEPESS of gaudt aapresiva cemprisigcr ose, manni t ol

gl ugose,. Dextran-40, adenosi ne, glutathjone, or . ,
cont nai PEHEERIE ?Opztégm Offlﬁ‘t@dh% el R il fncton
r egener at? Yol e} p%?lgef“}?f GFEE BPeighal opy e 2 §eqgio provide a transformed

conprisﬁﬁ u@&ﬁ?%?stering into the liver an effective

amoint  Ghtralug@ePidbatphh Ofivel) WRRA pAieM8 in n&B b Be 8AEHoRN 8y of the
i n vi abl gne, biledst 4 oih okmuaﬁnsfbﬁhﬁiqmpmaﬁ,h.udl ng hepatic

steni progenitor cells.

43) A composition for treating errors of gene expression comprising a transformed

population of human liver cells including viable, functional hepatic stem/progenitor cells into

which a functional copy of a gene has been introduced.

44) A pharmaceutical composition for treating errors of gene expression

comprising a population of human liver cells including viable,ﬁmctional hepatic
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47) The nethod of claim 46 in which admnistration is
effected by introduction through a splenic artery or
portal vein, directly into the liver pulp, under the
l'iver capsule, or conbinations thereof. 48) The

met hod of claim46 in which admnistration is effected
by introduction directly into the spleen. 49) The

nmet hod of claim46 in which introduction is by

i nfusion or injection. 50) A nethod of conductin

t eSERREPeeper edlf it whisya fupgiopelscoppof £ menst hap Gean lvtéa%uced and a
in;gg&&gaﬁmggﬁa$ﬁggagﬁ&J) infecting with an infectious
agent of interest a population of human liver cells
en4s) ahe dedmpositicablo€, cliimnet i dnakhidhi Wes phedracentidalte | ¢ekiptable  carrier

hepatic . .stem progenitar. .S 10, provide [ ed .
o pamsns i e S dlen €y FE N 0F oHP A (S gobioate
pr edelicedsgintatitol, gRoasatDetant40 Sdderagitd) tlutatitile, (o tdmbinations thereof,

observing effects, if any, of the exposure on the
i et edethgsoplot atiberrings He Tiegeneretidnobfofan climired 5@ i discased  liver

52)  Tifick ARRLEANSNEIR el BELHARE ulofh AR 5 uman e
agentelis nmichdies vielle figxtiomllizer ovlls nslading Heaaic sieingrogbnitagielis.

or conbinations thereof. 53% The nmethod of claim52 in
W 7¢ Bhe hisetintsis ef v laime f46e dit sWhipl | adgrdnisvipfianc tis effected rly  introduction

repl Hﬁ(ﬂ:%h Q @pl&ﬁc eﬁ'telér'é)'} ?ér)]na;ll\ﬂ:firﬁ Eﬁéeﬁy ﬁlto_atgglfi‘\;e_r plﬁf)];)unaép e liver capsule, or

met hod of claim’ Ich the viral infectious
agentombigstiongdereef.hepatitis virus. 43 55) A nethod of
praoduci ng a prqtein of interest conprising introducin i
i By The '%%S]EHS‘I i SO 46] iy ePhighy ?d?‘?l*“iréﬁ“t?di‘%geff?%tﬁ‘gt P intoduction
pr oggipdct PinfosheeMeae! | s a functional gene encoding a

protein of interest, incubating the population of

| i4@pTheaadthel oficigierd6dowidit intomiactioh sty tinfustonfodinjection.
transcription, translation, and optionally

P&} At rmethddat éfonehdustindi f fessimei dor t efficagiows phgeote, femdtreating  liver

h i ) bn.af i T

1 o IR bl ) i O e s o] o el T ph ofruman
cel | kiver &ty enFishecrimvinllel foktiaphiiver Gis,invluding bépatidwterpprogaaiter cells to
Of ' &Bﬁﬁ@% iS4 rﬂo&ﬁﬁiof'?, f’{i?g)gﬂogkﬁg tlﬁrkHegcgd’]population to a predetermined

amount of test agent, and (iii) observing effects, if any, of the exposure on the infected

population.

51) The method of claim 50 in which the infectious agent includes a
microorganism.

52) The method of claim 50 in which the infectious agent includes one or more
viruses, bacteria, fungi, or combinations thereof.

53) The method of claim 52 in which the observed effects include effects on viral

replication of a viral infectious agent.

54) The method of claim 53 in which the viral infectious agent includes a hepatitis

virus.
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58) A nethod of producing a vaccine conprising
introducing into a population of |iver cells

i ncl udi ng hepatic progenitor/stemcells a reconbi nant
virus or virion particle capable of infecting at

| east sonme nenbers of the population of liver cells
causing the infected menbers to express an antigen

SS)S‘ECh th 2 plFPngne Préef?’ﬁ’?ﬁr{]f;eﬁl zm‘;l | Ch‘%&%p%;g(jm@goducmg into a
Kk r
Sf(f ol i P$ %Pétwa' éﬁﬂmt‘%{ @cﬁegft & dunctignplsqp, @ncoding a

%gg T S e

aem erSscell-based i mmune response is

56RTHeHettR or c144 55 in which the Hiver cells are human Jiver cells.
57) The method of claim 55 in which the protein of interest comprises a vaccine

antigen.

58) A method of producing a vaccine comprising introducing into a population of
liver eells including hepatic progenitor/stem cells a recombinant virus or virion particle
capable of infecting at least some members of the population of liver cells causing the
infected members to express an antigen such that an immune response is elicited from a
subject seeking to be immunized against future exposure to an infectious agent associated

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

59) The method of claim 58 in which a cell-based immune response is elicited.
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