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there is increasing appreciation for the range in
regenerative potential of parenchymal cells derived
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by a variety of insults, and to inprove |liver function
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for a significant number of patients, an adequate supply of liver tlssue must be estabhshed It
has been discovered that cells obtained by the methods of the present invention may be
" dexived from the livers of certain organ donors, which are not suitable for whole organ
transplant or, because of time/transport constraints, cannot be used in a timely fashion.
Viable, functional liver cells can be isolated by the method of the present invention from

livers, which, by conventional guidelines, are not suitable for orthotopic transplantation or for
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signi ficant nunber of patients, an adequate supply of
l'iver tissue nust be established. It has been

di scovered that cells obtained by the nethods of the

paasmMoobRvent i on nmay be derived fromthe |imesss20d3/022220
certain organ donors, which are not suitable for whole

organ transplant or, because of tine/transport
thspswpreation of lasg mebers of matew hepateeytes flopll frasshlaniation. Most

;tﬁérlfﬁlk [
rre}?m agﬂy’ t'he gr esent 1@%11\/12%% ll;%lr{% o?n&s‘l @@gﬁggvﬁ% rt#gﬁtor oells,
by the areitwdtof Ml‘ﬂsgm ml'fﬂutlmom&pseto rdmmmaﬂ}a&xbmdﬂb& donor pool for
N L o L s L
oails i 3clteaq3aimny tithasfheen foatd thatriizss pdlisobmibd mhlnmelﬂtbgrtthe present

Qf t.ant | |f|c |ono manllver cell
B’n% ?%Pmolﬁ%[y g‘lﬂﬂ; ngno RIS ‘1“855 cells, by the
met hod of the present i nvent ion promises to. -

040 t Thedpelgtiammpatbed affiee Mensafrinysgtion gires thphyiable; fptional liver

L6 BN din %@%}?ﬁf\! SEmy/RRHRR G A sy ﬁQﬁ‘iﬁ‘rﬁy‘ioPﬁve} B8 iRl ol inthe

resistanc pro eni t of to Ischemc
erypnresgrveil mikigee df@eﬂs ﬂ&mmoqemolatmmp@hb@t@ahg}m viable liver cell

L |
%?I.Seg%u’rclﬁ grg%y otggkt%d %8% hi ﬁa? d%% %Q rcsécﬁg%%wgéiﬁéag%d t§ cmde liver
pmpdnttdms))t mmmmma callv end debnis mithout@setsndepleting lif at all, the
fun n ver.. eIIs i.ncl udi ‘hepati.c. . .
SRR BB aie S Eup s vatS B GBRplion gpisined may contain
gr@.ﬁbﬂiﬁﬂdiﬂ"/m of defls Vihbse(bﬁfoﬁﬁﬁymékcﬁlhﬁém gﬁﬁﬁf thee V(L i% of lﬂ_&llsﬁfiable
ogess isoj ates te er viable liver-
%&’Fﬁl tﬁ?‘g’{ﬁ@pﬁﬁg \ﬂﬁ’ RSN |ivers, or

resecti.ons thereof (conpared to crude |iver

- [9pEaraciures knewnthepaionyta isobtionimatiodwuisk dvaspdediespirifiegation, in

%\%II}J;%%{S |&§§%J x%ﬂfxﬁﬁlﬁl cgfrtrt%.%rgig Pefeot o %lnllcfhl ﬁpﬁﬁ%&%&}ﬁé&; (ﬁ’)ﬂnd in the

Ic ste genitor ce
rdipioat uenhufugatlan)n edibvagh ihnbaha is gerp affeient hmlﬁﬁgdmge viable

.cel,l s viable 0 opr eser.vat i.on han .

PP PGS et PR g e G B Eenl iR oaepati

sidm/pivgerdl ballsane ehepad @ifidaaslosy ditildmallar Kiohhépasicytes.

known hepatocyte isolation nethods use | ow speed -
Fi

Ot o nvfion SRRk A REIAN TR Wl advances tho staoof

livenesiidransplatiagione icbletherapy by wmdmgfamrann@nl)mawuahfamgbr cell

- t%/aft]é%fdgﬁ ﬁe D a%nsthgﬁéi Pl%g’gég gi}é‘? Thg&-“t %is' 941: %glhﬁ)’»qgole functional

livepaiiqoptlesons) mclludmg higsatic atemf;gmgeﬁntmamﬂs dﬁmhate 1w peviously

i te it el l d f t
R e PN T L
iy rsseht inventien bbﬁsist@@tdrveasaﬁrsdcilfmﬁzaf axerest ienedis oaessing hepatlc

lver..Cc

SRR Sl L SRIe PoBR R R VIGF ng

pharmaceutical quality liver cell




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
met hods. A liver cell transplantation or cell therapy
product of the present invention consists of a

wel | -characterized nixture of liver cells containing
hepatic stem progenitor cells, as well .as other cel
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popul ati on of viable human liver cells, which
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s SRS R ShchlE B RGP s acangrsgte
Qiﬁﬂlmm diver; in-vighdg ﬁaicumm bepaiasgleo sethdpstiestemiphopnitr cells. An

b b0 ahbdibol SER* SufBRT Wbt TSt e Rt iiacy
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ShRowih STk afte e ropraton o Qbwdbed

i-ncl udi ng, but not limted to, |ntroduct|on t hrough a

@ Vaj nAiso 1sc osecy fi5d meﬁ El gﬁre\?t\e{r}% lﬂfer di%ﬁase cglt'(r)\lp I nz%]glfx}li}cr}lhfig effective
ents@ &eewula[ﬂ@(l) pOkellsrenarizhe er@hfb Gatichiwmt ,hwu hellpriedeiig hepatic
sle&vﬁgéeh@(ﬂ defls. AFabiBGt B6dek Qr %dlﬁﬁ%&g%%h ' b%acj,omeﬁaglqgﬁ’ %ktthé) Mrethod

risin popul ation of |iver I's enric
5@1 mclr%%ﬂ% Agl lipitsdelp, pgpustion 1\5%13&@1 HYFefiery er portal vein,

dﬁfbcﬂ]lj’izqﬁb ag éineitpalp, @@kd Be AREcapsyd) ar diREBLihioGiRd spleen.
acceptable carrier. In a further enbodi nent, the

phar maceutical ly acceptable carrier may incl ude a
cryopreservative, such as HYPOTHERMOSOL77,1. [0020]

[0Gi9hn Trearmthek umbhcﬁmemt;mne prasenttinvehtien jodirseed toi aphatihdcentical
el F o Ripc e rREHRE g Rlt Sieh o i enle Snsiguah v oot

_ uphlﬂlﬂgdiepam: snémﬂprdgemtor célls sad %@hﬂ@i&@hﬂcﬁﬂj\/ hBhighle cartder. Ina

t I ] | udi h t
B ment hF PhEpes gy actbicaripT fteoinelade aEpreservative

s@ﬁﬁgﬂn(}ﬁm@g@ﬁmhe test agent on the popul ati on of :
liver cells (e.g., on ceII viability, cell function,

P i R TSP Bt
copdetingtii @JBmQBxilcity %Et]ﬂ“g&it)hﬁmsmg exposing to a test agent a population of liver
cells enriched in viable, fanctional Liver cells, including hepatic stem/progenitor cells, and
observing at least one effect, if any, of the test agent on the population of liver cells (e.g., on
cell viability, cell functi(;n, or both). Also disclosed is a method of 7

conducting in vitre drug metabolism studies comprising exposing a population of liver cells
enriched in viable, functional liver cells, inclﬁding hepatic stem/progenitor cells, to a test
agent, and observing at least one change, if any, invo'lving the test agent after a predetermined




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 after a predeterm ned 6 WD 2004/ 009766

PCT/ US2003/ 022220 test period. The at |east one
VEQAWHEOy i nclude, but is not linmted to, aPCHESI§E/Q2p220
the structure, concentration, or both of the test

- agent. [0021] Another enbodi nment_of theie‘ﬁresent )
test peRieth{ Thrat lagstaing gliengayopyinglude, bt is gethmitediioy ghenge in the

Fﬁ{g) n?:le{ﬁ?atﬁ Ldopg a popul ati on of human_
stru [ vé?é cells gﬂ?}:ﬁgﬁq%ﬂ{éﬁé%?ﬁé&ﬂe functi onal I iver

|1 I d at t. t ]
10051, oot R e DA o I TRITOT BB Shvs? asstf Srvies
conlpri¥Ri aQﬁ{lxl;}ﬁg harB&2]a ﬂapﬁlﬁﬁﬁﬁﬁdmhﬁu givemdelloehriched fnriald,ng

errors 0 ene, expressl o onpr | sin t r.oduci into
eé??‘%nm&lfl ding hepdtie Flgmprossmier ceﬁﬁ flaﬁ]'f ‘?}lgglﬁp'é‘ﬂmpﬂse

huniam%f&ilgbrﬁ&gﬁghgﬂ%m progenitor cells a functl onal
copy of a gene to provide a transfornmed popul ation,

i.ntroduci nto.a patient's liver, which patient

[00%32&3?}0‘??8@& %?tﬁ]‘%i# tfeﬁtllf@ﬁ% gNEony of the gene, at '
expleSélod ccﬁn}itmiﬂgdlﬁﬁoﬁmﬁmg heo b panddtivhof hupep livatceln inchiding viable,

conpQsi t- on scl qsed Y. seful.in the
anGlRBN OB BB RO & HROREL OB I Prayidp  ransformed
popPlafae Bhd inkoandih©Rto 4 PAlidRls 1Neh evniciRidiientss t ied ofthd furtional

i ncl ude nmet hods of enhanci'ng the regeneration of an
copyi ofj thr gle,ot ledit s@asienl of thy ernsfarmedpabslagén. dorrpetifigiglisclosed may
be uge@am mgafa%eﬁtfoﬁaem&hm§am@gﬁaﬁ&dm&t SHTRIrbsBE oM.

I nfections, nmethods of producing a protein of

I nterest, and net hods of produci ng it vacci ne of

interest. [0024] In the nethod of testing for

[oo2e§ Uti&é@ﬁk@b@s PIREISndly chide Qﬂlhbﬂ’tg)fleﬂahaﬁ(ﬂng thEections, a
popul ati on, dgf human |iver c an _be. i nf ect %
coERALATAR B4 DTSl iy Bog oA FRBRUE G g otoiions
agentd R Hefihe RAR HSdHoA) nicthodX BS8auditl Apiotetletisertst) astl methods of
anount of test agent, and the effects, if any, of the
pro@cpesanaecion of interéshf ect ed popul ation. In the.nethod of
producing a protein of interest, a functional gene .
encodi ng the protein of interest may be introduced
[002&]111 (ilwandﬂlﬂﬂtﬂf &islilrlgrfomfﬁdabwﬁf aget fos trédmﬂlg lickr ingfectinmpapopmlation of

hum%n ﬁer %glggct:ean bte ?nfec%% wi?h Y Tm{:"e {1&%% érn])g 1rR<99&1l” ’lar#e#egﬁeroﬁle infected

I'hcubat e der "conditions ective
popuflatipn fisr faqps&v;dltcpﬁlpmddemnmdsqwmo?f tesh Agenb il dlpagifegtspid gpy, of the

expotm[r@&%lh@ﬁdf%lpoﬁ@giofl 1k ﬁfe'n%hoti@f brakinghl p?&c@n obirest, a functional
hereafter the protein of erest can

oene\;g?‘qflf%éheﬁ?retalﬁ}@{ fnéeﬁes gla%ﬁ)esxatro B?ﬁ]tlgtﬁﬁl PQP‘&&“WZL};% }961§ including
hepaheaam@rdgaﬁﬁor wuﬁ (e eerqulung popnlatardficellsas ihen inotbred uadsdconditions

t ake
effectne ?orqra%s 1'181 ]t‘ tr%FslaQLIog J}S Oé)gl?Illd lg qu ?Jax?‘?‘ai gnai Wdﬁﬁat‘[’dnrﬁist k

ng at | east
placgmé thqa_sq:ptﬂelr Hegfroeigeot mteret;t can be harvested. Vaccine production is also

contemplated whcreby a recombinant virus or virion particle is introduced into a population of the
cells disclosed, 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




popul ati on of cells causing the infected nenbers to
express an antigen such that an i nmune response is
elicited froma subject 7 1. W 2004/ 009766

PCTI US2003/ 022220 seeking to be i muni zed agai nst

future exposure to an infectious agent associated with

t & 2084Y6dogn upon introduction of the infecte

of the population into the subject. [00251 T%&ﬁ@tﬁ%zzzza
practi ce of the disclosure will enploy, unless

&eh@g\m @ugfgmaiagmmtcfmnmmsrmb gil&F&iﬁoﬁM?@nﬁss&?dtéd with the
ecul ar ogy, .transgenic
%/‘m ﬁlm cl% 0 W%&Weﬁ%‘?‘ﬁ {pRynto the subject.
t | ogy, WhICh are within the sk|II of the art. -
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2nd Ed., ed. %ﬁé%ﬁg?{é’é‘%" ‘% t&ﬁ R ol (”é@?‘&c biology,
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Labor at or Met hods In E ogy
EpgimQlpeiia ° aderaic Press, Sk fenaTramftt Getsors FoxQebtumAlieh Cells (J.
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Pr ess, L o n d on
Is. V&t andd$5 [Wkl\ét §10edsl] Invidnochgitlic4l. Méihods In Cell And

MEnbr 3 “&Wﬂgb 15 i e By oede, Teipiqiandvoolc of
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t from the follow ng detailed description
Pogﬁ‘gg'(ﬁg‘é’ry‘?’gﬁ}"% 08Ken in conjunction with the
‘accoi npanyi ng drawi ngs which illustrate by way of

[0@26h mShtben fhatuyes Emiddvhetsges bf (e Présemantcntion wilBbecBR: EjFparent from
mqul%&%npﬂeg}isﬁescn&o%\{ge invention, taken in conjunction with the

accompanying drawings which iliustrate by way of example the principles of the invention.
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 stem/progemtor cells as these cells

are approximately 10 uM in size.

»+



[0027] Figure 1 shows a Coulter Counter sizing profile
for the novel OptiPrepTM fractionation nethod, which
reveal s 2 peaks of cells: those that we have

designated relatively "small" (generally ranging from
about 9-13 uM and relatively large (generally ranging

f worpoogtopist 18- 22 uM . The "smal " cel | populmtvesoesozz220
contain stenfprogenitor cells, as these cells are
approximately 10 uMin size. 8 WO 2004/ 009766
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e o Bl e Sl bl b AR SR er SR A e in
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ht - hand panel, 0.76% of the popul ation (+).for EP-
[0030] Figure 4 shows the results of FACS

anal yses follow ng i munostaining with antibody,
. [00BRL | Fignrerdothotys fgseseite @mcsrwb@ﬁmfﬁ‘@wwmmsmng with

b
. oA ST e A U AR et o
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fbé‘% %9&1%3»%%%&%% sﬁa Seftfolrdr et BM ﬁ%féo%ﬁﬁ?ﬁag&gagrg :

ract respective
wsﬂmnmenaywca}ah@les,rrdspcatvnelyg the rel ative popul ati ons .of
EP- CAM posi tive cells found in the cell isolation of

[J0R€] PERaRY shbﬂ¥ Eﬂlﬁﬁﬁﬂmﬁtﬁ hel IR popPIERGHs R EP T ANIQositive cells
super nat e of st andard net hod %?xﬁnter frame) and

foupé inpdp cell Iselﬁmtrmf the prergBliavaRHemdeft e supernate of
aftitRdf e@%ﬁﬁrdn{e@%ah iGe

thg%%g%év{sﬁ gra géé%%}g?%gﬁﬁ%eg@%tive popul af% [ %lgs of

RERItCAN fvas & ningenangi-bld dogasund in the cell isolation of

t he present invention (left franme) conpared.to the

[0DOPE' Pighi® howd Reapht malatick thettide ﬁé}ﬁﬂlﬁtﬁﬁs STEPEpVEpditive cells
the, pellet, of .the standard rreth& ]& ht fra ate of

 fopad i the o} isolptioat Ahepresenfinyanfordof fram ]mge f Eopgrnate o

 the BaNGrERARNA &%@ﬁ&ﬁ&%ﬁ% g df'ﬂi‘%&hdirﬂ&neﬁﬁd@}@ﬂt frame).

positive ceIIs after ° i mmuunosel ecti on.
Resulis are from a 3-year-old donor.

[0033] Figure 7 shows grapl_}s demonstrating enrichment for EP-CAM positive cells after
- immunoselection. )

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

[0035] Figure 9 shows photomicrographs of colonies grown from a singie cell under

various staining conditions, demonstrating that cells isolated by the method of the present

invention are hepatic stemy/progenitor cells.




[0034] Figure 8 shows graphs denonstrating enrichnent

for EP-CAM positive cells after immunosel ection.

[ 0035] Figure 9 shows photom crographs of col onies

grown froma single cell under various staining
conditions, denonstrating that cells isolated by the
nwolRoa/od7e6 he present i nvention are hepati C pCT/US2003/022220
stem progenitor cells. 9 WO 2004/ 009766

PCT/ US2003/ 022220 [0036] Figure 10 shows

(@361 o tignreoldy shpirs plafiontiodograbksofgolovies froon fvmrsd sigdle cslbirder

upder . .varioys. staining conditions, denonstrating. that
Vet pdiions, dem s ool et method Bk pifent
iieptidieiahépatic stemippspegienictlay cells. [0037] Figure 11
shows .a photom crograph of hunman hepatocytes obtained

hew , . . .
) RSBy | A B oS L Sl B o precns
iplentiernencmisrpcanier beadsin NOD-§Bwdce. power t han t'he

phot om crograph of Figure 11 to visualize a |arge .

7003BRN Figﬁfe H%@&Q%X)h@@mk}g@%aﬂlﬁﬂénkﬁ?&mr pokAs @ishd zed

by the host as evidenced by the red bl ood cells.

Phfompisroamn f&isursl id gumalizopdere island af hepplacyis shat have become
VR AN FRf ashldotielby bRoPbREERS, | NVent i on are

able to el op into hepatocytes and are expressing a

B R B R el P et
IRERER a2SdblOR delelbimiciRbhtscyt Ad el fresdiiAB i plisdddypksd
shows three hepatocytes obtained hy the present

deenstetingbepqsivnsgiing far elycegen ot eytonlayre Nole thesprarept

o atichRE iRl RfkinRérdsS drawn around the interface

etween two .adjacent cells. A blowup of that area

T M TG NI
mbdrepatier kjetdibing ashopth the lack oo BEkvwderBnd thicthicAgce between two

C

calfibliculi, arfdthek WRHROWpatoBAS nalifednspl ant, human cell's are
clearly visible by in situ hybridization in the

[opat]t aFigmegﬁ 'fshcamh ﬂ‘tﬁﬂﬁﬁbﬁ)g'ﬁpm daﬁduﬁﬁ-aﬁngltagnaﬂiﬁbm dfigthee not

et as rom-t vascul ar. .space | nt . he { .
et imen ot et Heega: BRaEn i fe et o SOBLID mice
At pabl tRGsS R aiiaAREls B¢ cleiity visibl Op LGSR HYBAdiRABRMN the

liver. cells of the present invention intg the livers )
P Yiips @élhgpqﬁcéigusoi s. The cells have not yet passed from t%e vascular space into

T R T

“the hepatic parenchyma.

[0042] Figure 16 shows a photomicrograph demonstrating engrafiment of the
cryopreserved human liver cells of the present invention into the Hivers of NOD-SCID mice.
At 40 days post transplant, human cells not only remain in the liver, but have engrafted intc
the hepatic cell plate becoming fully integrated into the hepatic parenchyma.

4, DETAILED DESCRIPTION OF THE INVENTION

.[0043] The present invention is directed, in I;art, to a process for obtaining a population of

cells enriched in viable, fimctional hepatocytes and hepatic stem/progenitor cells. Another,
related, aspect of the invention is the identification of hepatic stem/progenitor cells. The

i0




At 40 days post transplant, human cells not only

remain in the liver, but have engrafted into the
hepatic cell plate becoming fully integrated into the
hepati c parenchyma. 4. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0043] The present invention is directed, in
paDt2pe4t009786 pr ocess for obtai ni ng a popul at i orcefus2003/022220
cells enriched in viable, functional hepatocytes and
hepatic stenfprogenitor cells. Another, related,

eiliSdiRGéntOdf thdtBredeRMiBRIOLON dtbsSriKeE%elodﬁaﬁﬂll uﬁ:pﬁaﬁle crfant advances

. hepatjc ste progenl Qr cIIs 10 V‘DZO/OO
mpiderp tgid #pd 159 e EIPREE pfrom a1t Buman
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pr.ogeni,t.or ¢ ver.
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. antigeRs 4%, PHPLSEed by RSl merosy f%geéﬁ fllsdn Efaf’“ﬁfﬁi 3"-‘5??%? 134 adlfuman
11%@:! QERERAE cdf softigltéchhdlogeie ﬁﬁﬁz’tﬂ to grestiyedniticfor asll eaphebsing one

human |ivers. Magnetic cell sorti t echnol ogy i
of 17 PRGRTAGR 46 FglaTiAietPa 5 ERPICE i BETiEgmmalle n
SLQJ thh @ ad HeBGiBoyAda! indBikeast thipRevicils kstidies 6f rota# h&p)ﬁtlé h’tbﬁ/progemtor

proach are, on average, nuch smaller in

R A NI SR AL L R SR S
héggéfass og@érgér“sgge EA1sROS PRI, 5,538)0b3). Wftﬁéi‘mbﬁethta ivhdt Athjority

[‘arger than mature parenc

" ofubs ¢edl) alsackpres i stqocd amgph%a%sn@, ofhe fefa) B?Pag% stem{pgogenitors
l ! O
cell§. J\?ﬁle{; Qﬁtﬁ%i lﬁ‘.h o oC e nsst?% sg‘ﬁ%%)l}ﬂgj: SIENET P ESwill S Héiﬁ Bepatw

SS a second anti
stah@r@mm sinil reswitt thia grofedl aff mére peatire hepatiniggbls.ches ﬂéult human

en ,cul tured und ondiati [
cei]g Isléogsf %{1 v&ﬁg% ﬂuag ﬁogtg 1124 A a?lQY?SIL Hﬂolﬁé’s gﬁg?ﬁ:pfd)ﬁi single
cells @imhp @ g@Hoplation chmdmsm the e:tpmslman of potefns charagderistic of both the

AR S B Bt ARGt cane

anal ysis of colonies grown from single ceIIs in the
[0645]t lispoliant it thoprestahmiventiontthat eeils csripssingdhahappteristic surface

ol R 10 B B R SR By e
seherpbﬁduts csftserdrqammanddpmvaﬁml prior to Hap@sis fin falct, the hepaticent
st%q:(gf%glpgqu sgelg g%’}?sg:%ega%%r ]hlé] ac res?s%nt to :ﬁ&i’l@ﬁlﬁstﬁét{ﬁaﬁﬁ%epatocytes ‘

géns renai n present
Fdrth‘éﬁﬂcﬁe (aﬂth@dighﬂ@ﬂ@l lheaawlhgelkmﬂfohs fromdhsgsystoliv donoss ge@erally contain

t{y A d S ak cqhﬁ lé%s}él?.tfeds i %ﬁgﬁ%@g@ nd & aim\ﬁ%&grllesponses,
it ﬁlﬁ&m&q&aﬁaﬁ h@w &R &N veDhs figetiahl fvenodl, inclading hegatic
to i schem a_t han rraturehpato tes. .. #M#@ bodiments of
stePrregRtrcelisa by thegsthads of '%ﬁ e embodiments ¢
th@ SWehifdn fndlenREE:HRaRsE ﬁiahﬂeﬁ%%ﬂlﬁg fechniques are utilized to further isolate
- or remove selected cell types obtained from liver.

)

[0046] The methods of the present invention which are employed to enrich for the viable,
functional human liver cells can be applied directly to total liver cell preparations or those
prepared from resections of liver. The procedure is rapid, gives favorable cell yields and
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greatly el evated nunbers of cells associated wth

ti ssue damage and i nflammtory responses, it stil
remai ns feasible to highly enrich for viable,

functional liver cells, including hepatic

stenf progenitor cells, by the nethods of the present
iwoeanmisiomness | n preferred enbodi nents of the ipgdaRbIAR22220
i mrunosel ection and nagnetic sorting techni ques are
utilized to further isolate or renove sel ected cel
vighifis awbtan iba echlddrte prokésy Gms ofﬁﬂi@ﬁg ofldeBs. MEtehadaedfells bes readily

I nt_.inyvent.i on. whi yed to enrich for the

c‘&%%’fer&eda?%ﬁe&u?%’ngl ahﬁ’r%ﬁﬁffqts"g?edgel | s can be applied
dlrectly to total liver cell w@ﬁaratlons or those

199A 8 aFesopresenirinyeatioi danemsirades thatweable livhecells sednisedated

PSR e Al LR S5 85100 A B Pte o patng o donor

whon|liwers cannot rcussd for sbolekgapitiansmdang. BécapssithsliveTlell populations of

- R Bl B B PRk S RSB T

dnamrar@wﬂy expadé ﬂmmbquftdemﬂokahs,wtadzﬂ ae $uitable foralst i hencdle

5B R ol ot ol Bt

R

_mmbase l'ivers cannot be used for whole organ

transpl ant. Because the liver cell popul ations of t he
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 summarizes yields from beating heart
and asystolic donors. 12 WD 2004/ 009766

PCT/ US20031022220 Table 1. Beating Heart Donors
Post-Di gestion Yield Total Cells (x 109) Viability (%
Range : 7.7-91.7 25-74 WMean : 32.7 57 Post-Processing
Yield Total Cells (x 109) Viability (% Range :
1.2-30.7 76-99
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Mean @ 15.0 86 Asystolic Donors Post-Digestion Yield
Total Cells (x 10) Viability (/o) Range : 0.1-26.2
11-51 Mean : 10.7 34 Post-Processing Yield Total
Cells (x 109) Viability (% Range : 0.01-11.0 64-99
Mean : 5.0 86 13 W) 2004/ 009766 PCT11JS20031022220
dvdy-2004MBEEHOD OF | SOLATI ON OF THE PRESENT | NVENHéoodlEr220
COVPARI SON TO A STANDARD ( CONVENTI ONAL) METHOD [ 0048]
Cells are isolated fromwhol e donor livers or
Trﬁ%elcti ons thereof by perfusing the tissue with
tPBer aso', a purified formof collagenase, and
collecting the resulting cell suspension. Two nethods
are examned to separate live cells fromdead ones. In
Pﬁlgwﬁ hod of the present invention, an aliquot
' Bg_ epgﬁgogﬂsl suspension is mxed with an equal '
vol ume of a sol ution ofpdsepigkanotic@Opti PrepTM, 60%

i odi xanol in water, Axis-Shield, Noway), and
centrifuged atToRDO€sEIA’Y appr oxi ﬂ?ﬁ&bﬂmy@oo X g) ina
Cobe 2991TM cel | _washer (avail abl g i{sr om Bl ood
ConponentRe¥&chnol-bg§l-? Lakewood, “ffor 15 m nutes at
room tenperature, 225 follows. [00482] To a sterile 500
m bottl e *8dd 208?83 M of OptiPrepM 291.5 i

of RPM - 1640 w thout phenol red. This results in a 25%
sol ution of iodixanol having a density of 1.12. After
cal cul ati ng the vol urgrsefro@sdngYisdhsed on wei ght, add
enough RPM -1640 w t hout phenol .red to bring the .
final vol une (ottGelBGOIOR , with iabitygf%lcel | nunber of
10 x 109 (40 x 106, cells/m). A %%20 m of 25%

i odi xanol®a#d agitat®’ gently to ni¥ell. Gavity feed
the res I%ainng ioqi5>6anol cell solutgon into a COBE
2991TM ce washer=processi ng bag. Layer 100 ml of
RPM 1640 wi t hout phenol red on top of the iodixanol
cell solution using a peristaltic punp at a rate of
20 M/ mn while the bag is spinning. Centrifuge at
2000 rpm

Asystolic Donors
| Post-Digestion Yield
Total Cells (x 10%) Viability (%)
Range : 0.1-262 i1-51
Mean : 10.7 34
Post-Processing Yield

‘ Total Cells (x 10%) Viability (%)
Range:  0.01-110 6499
Mean : 5.0 : 86

13

pe—



J

i

(approximately 500 x g) for a total of 15 m nutes. The
resulting hepatic cell band at the interface between
the iodi xanol cell solution and the RPM-1640 wi t hout
phenol red is recovered separately fromthe, pelleted
material. [0050] In separate experinents |leading to

t%6 200a0@h7és ons descri bed above, the densiti escoiiszoesn2z220
starting materials and those of sel ected

centrifugation bands, including one designated a

4.1Um METBEOIN OFASOGATHN OFTHIOPRESENT DOVIEINTION HiND

"ot PR O ' Gol R by M aORG,

Thi s densi ty val ue is |l ess than .that_found f or ]
{6048} t Cells aveitselated frofrwiglodonor livgrsad resattions terenf oy pdi@isiag the

tighe WR LI AEnL ADuhRid lmof budfid enlibol @b B resultng col

swpedign. Towvopmahodd erecexaminad!iosaparate hmdlly ﬁomsiea@\hmh Int thenovel

o Rk B SR P 3 o

vplamp af atdletits, ofdedienbl(OptiPrep™h 6p%tmahxamll In waters AmiysShizhd,

' I\t?gﬁgle i)’(fdgcg\f/lmﬁnfﬁ?gégf%t %}g}n Ea,%r %%%&5@8% B Ma?)Cotbg 299 fole cglll Washer
- ‘(ﬁaﬂbuaz&ﬂm&amma@mmogfm@magcom 15 frigadsia0foom

at 100 x mnutes at 4 C, in a Sorvall RC3B

' t%q{apmr,a@gﬂome pellet is recovered. It should be

noted that in the teachings of conventional nethods,
[a0Ag] s']]qnestmeiteélﬁﬂ nil boﬂp,sadéﬂ%ﬁmbet@m&be}ﬁ?‘ 2 ml of RPMI-1640

R BBl PR AR bl et BN BFLBR A R b o112

'Agelmloalahyg thbrxethmﬂi dfublh;rbambdkmmvmghEadd exxoigh RPMIA640 without

- el e e e BREFO 65 3R toAsDefi Nl Ricitloa gt eeto o

1@%1155@93 AddL’EﬁO gﬂ lo]!.' 24% Fmaraafi laglfﬁt@eﬁﬂfl frmixayell. Gravity feed the
st andar et no or, Iver cC r ar thﬂS 1.8 0

reubpE e Gep B GBI ool ral S har R ratipgbag. Layer 100
nﬂbﬁ@%ﬂ-@m@&tﬁm hénbM@d oo orh@rmﬁﬁnm ée!l@oﬁlﬁbﬂl gsiff a pibtaltic

speed centrifu i on, plcally at _approxi mately 50 g.
pupppat agalp pé?‘éaﬂg@u wbﬂ%ﬂhé s spipine. Gemifge a0 MmN ¢t he
(aggi@%{b?élﬁﬁéo ﬁﬁﬁfogh &FA b8 BPmiduRR 5P he fgﬁﬂﬁ@h Eﬁhecell band at the
clusion reveals that the 100 erco let is
interfecechrbuiedndhe mﬂabmd celbmlut@n@rx@ﬂngﬁg’ H‘ﬁﬁlﬁ@dffidds
ggﬁﬂ&ﬁ&ﬂ o range) . In contrast, for
ent of the present invention, the
er nost band of cells is enrlghed for V|abI§PceIIs

0pHY- JossparmprRemeRts leadie foah eandticin deseribad gy Diedensjies of

=

‘ stirﬁﬁ,émﬁﬁﬁﬁls 289 3hosed%Blectd\hit R atibS baids t]ﬁﬁucﬁﬁgl bitetdesignated a

Counter reveals enrichnent for Iarger cells (18 22 uM

“Ympixg bandee esl)adwmﬁ cenfent Pegnd gnd the priletiare deiprmanedy Iids foynd that the
; ! hiéfsi1Q8 th
e e g D b T0007., il sk Rl 108
theydbynsk for srmna ppésriah@ 7 9P aTaadiens pentenis” band (1.0792) and the pellet -
(1.1061). Itis then determined that an 11.59% solution of iodixanol is needed to provide a

- gradient directly over which the cells of inferest would settle after centrifisgation.

' .{005 1] Inone of the standard methods for liver cell préparations, an aliquot of hepatic cell

suspension is mixed with isotonic Percoll (Sigma, MO) to a final concentration 0f22.5%
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Opti PrepTM gradi ent contains both 18-22 uMin dianeter
and 9-13 uMin dianeter cells. Size distribution
determination for the Opti PrepTM pellet is problenmatic
owing to the |arge anount of debris. Fluorescence
Activated Cell Sorting (FACS) anal yses foll ow ng
ERoGodisos7ggrunost ai ni ng of these cell s i ndi cat@spidradsozzzzo
sedi nentation through Percoll results in depletion of

- EP- CAM posi tive-staining cells; these positive cells

PSSR ER1BR gt enttiPuehfiéh XSO L b ifor STiRBOAIEC, F@Sorvall RCIB

" - upper-nost band of the Opti PrepTM gr.adi ent _has

copbfutatiepnliehs Ervedl Kisbatld by Botebiin Sieircies of sopgtional
m&ho &J] 313 Fs)gﬁé}&lblnft SURQIRLEhcchRE 9Pthe LOVEh i haPSHBY haf tBY Spbrnatant
~virtaall no

ormation of colonies for cells found in
canbensRelsof Ibweralistdlity aphibpat eonteipaenwplly mogscehtiticiohs Foy

- b | X . . .
BRI Buboteh b PR IR oo, @D Kl o Ppielfsed at 300 x g
£ 8 Ingifiyted AU gndthe tdstlfing pelietleedversdwilhiothR: 1GANM siawipnd pethod
staining, as.enrichin for EP- osih t.ive cel.ls..
fog fivercgld grgpgﬁmw| %Wscfl%? ﬁfwaezgwplof 1§r/é% S?SI.lls( Ween%w?nc d@ésﬁ&l of the
| 1 8hdhah %%ﬁ the cb302 3w fseed bénusthgaibadypicallyi o approximatly 50 g. The
u .

Coul ter nter sizing profile for the.nov

paisted peilgrraretainese mddhesslls i the frpsEaiRiAsG fise &lrﬁleaks of

cells: those that we have designated relatively snall

[008Zjn er@ﬁm’blﬂ@ﬂ@ﬂm@nﬁevbﬂs thet thie 160 3 gPewoll pelid iy earighed for viable
- i ng 118:22 uM in di . - '
o (TS g OB SR Pottal PheBls TR 0% ranehy s, for the

o]g didt af&egﬁ@eﬁeﬁvamm the &fpet-Bi0d DA 04 OB 9 GBiched for
CT/'USZ003/ 02222

uMin, size. The relative ab nge
vighle £ellsd80-90%d prmparechin dhegrelleted Pé@?é#@@?‘@é’d%sﬁ M}B%@-oﬁl_ze
| a&a\BE ﬁ%ﬂ%% LhVk CofftadOfsisRAciaNEE A GirSirzeld (1822 aMdinstiameter)
0 ﬁwe ea?< popul ation. [0054] Figure 2 illustr

t .
intthePercdibpelisuoergparad ik tedsrgll P, “hictyroatans ﬁiﬂfggf population
otérl%g%{t}eﬂ? ?—-1% WP AR Ref %@[’g%ﬁ(th&ﬁéﬂeﬁ Thb&pper-1iddt bithd from the

'S greater in Percoll pellet (100 x

ot;ﬂhﬁpm ywiﬁnmmshqﬂmg-zgmmi@m@@d R-ig)u Foﬁs%ftgg cells. Size
Figure 3 sho ' .
Ao 1 O RAGS B gl ot o
: oﬂbﬁﬂ!\zﬁlugmgcﬁﬁo;,d fngiv}atedt(jeg igertﬁgl(ﬁbCE) p@lys@tfogq\p@g XEP&?M
. cont aj -, fo .ess. EP: . - .
i PP e RGO dpTeRUASD %%%ﬁ?ﬁﬁﬁﬁﬁ%mi?ﬁﬁi o
o itigb-stiningel® tese pdsitive remamcbehind dit the Perco
d%?m%'gg?t.t he r}%&ltjfati Fnag for;%d;limlcglm)p C,;ﬁ i of BP-CAM
supeats] The VBRSHTR andé’gﬂke r9on Eedishidies 2 Peph rnep'F AT
Eahuan rrta®. Lolowgtforniih atehl virtuall
p%gﬁ%tggnce of ?ﬁﬁebegt;’mgiﬁl/l%?op??{el v?— sto (?ﬁi N %gﬁﬁgi ON b Y
nq PrioFiennfeobnizs Jorsells fopn B&B%?%?‘?‘%Wﬁg% &fgﬂ?ﬂﬁ SO PR as

2 éogﬁr%q’?é;g%%ﬂ Jt cbidfy Frilel BRRY Bfkhe BfSkr-HidEl BHHoDIRITPEPrep™
gradient. This colony-forming ability correlates with EP-CAM positive staining, as entiching
for EP-CAM positive cells also enriches for colony forming ability of the cell preparation.

[0053] As illustrated in Figure 1, 2 Coulter Counter sizing profile for the novel OptiPrep™
fractionation mefhod 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 apprbximately 10
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respectively). [0057] Using OptiPrepTM fracti onated

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

in experinents using 2 different donor livers, we also

denonstrate that the EP-CAM positive inmunostaining

cells remain in the supernate follow ng the standard

Pe¥eabloodrshod. As illustrated in Figures 5 p@EigkB3r022220

t he popul ati on of EP-CAM positive cells is conparable

for the - OptiPrep7mfractionated cell starting

whdtie sijzal Tlendlatiheathiedm0¢ of thispP poilRions\bi dells Yakies Rpeaidg upon the
is de t:heted 2-5 fold for he%ﬁ positive cells.

55 erad aSDibe piigred ave iutroptpt b BREAPOREITY or cel |

presence in these cell preparations follow ng

k0884 1PriGpure 2 iflustrates it fallowirgii: saxdard|Percd B rsthiog, the welitivent

: éﬁ%?&a[txgérégl?xge et ed] El% %'ﬂéﬁ %t& %sL%é mthgi’grcgﬁsélﬁg(m{)xg) than

ayers, maln

the coronpdrddyngdmpematel (306dighm and scored for col ony
formation after a 2-week incubation. To further

[PUPSIOM gD SO @01k JrRACS o Ry EMIIoMRNBR ARG Yith -

corresponds to stenlprogenitor ceI resence,

qﬂabwb'rﬁawlﬁ@ farhman EP-GAM; reqebing atthePpeniinelet (90 ) contained 5-
@:c’n&%"élf oﬂiﬁr@%%ﬂ#ﬁ%; DREEASA ol tﬂ}ﬁ;)@gf;tg??o%iﬁeﬂm for

Ormers In that po
BhEAM) than thastanipg slabeiel @ightlond pinst €.768 ¢ighe populationcthy e EP-
é&ﬁ? in our assay. As shown in Figures 7 and 8, we

enrich for EP-CAM positive cells 40-fold (0.59% of

the starting popul ati on i s EP-CAM p03|t|ve but after ‘
nda ep1EEE} eﬁqshoza yBizpe 4 ﬂ@tl%emu ifrpetiopatiorsdqss Botappear to affect

tﬁ bveedll SoulBdk b the ERET AP Egopulatlon (3 .07% and 3.06% of the
PCT/lJSZOOS/OZZZZO {3005 Table shows that we

ropdlaiden sxpingpositive obEBGAN &t o fipetiongRd rudvaniEachiorstedsapples,
IEBE ]gg%_po& tive-cells. In addition, OptiPrepTM '
actionated cells and the Percoll supernate both
whil e the Percaq

(B e b e e T (B gk or g tedhe SRl

' u‘(‘éi?en}?ﬁh{s uéiish Mérént%hdr V6] we 4380 dﬁﬁi(ﬁ%@t!h@trth@ﬂ “BAM Bositive
el | thIPreﬁ;erg 1.51 0 22 2 2 fraction

- ippupegtaining pelis rempingy thesupemate follpwing the standard Percoll method. As
illustrated in Figures 5-and 6, the population of EP-CAM positive cells is comparable for the

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

[0058] As a biological 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 feedér layers, maintained in hormonalty-defined medium, and
scored for coIoriy formation after a 2-week incubation. To further support our contention that
EP-CAM immunoreactivity corresponds to stem/progenitor cell presence, we rationalize that
if we increase the population of EP-CAM cells, we should increase the number of colony-
formers in that population. Towards this goal, we enrich by immunoselection for these cells
and include them in our assay. As shown in Figures 7 and 8, we enxich for EP-CAM positive
cells 40-fold (0.59% of the starting population is EP-CAM positive, but after
immunoselection, 24.7% of the pop.ulation is positive for this marker).
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Percoll Pellet 1 0.2 001000 Percoil 20 3.3 312

2 75 Supernatant. [0060] To ensure that these

colonies arise froma single cell, limting dilutions

are perforned on EP-CAM positive-enriched cells, and
wel | s containing an average of 1 cell are _
i woeesbsisaied Wit h anti body to human al bum n, pCT/US2003/022220
i ndicative of a parenchymal cell, and CK19, which.
reacts with biliary cells. As shown in Figures 9 and
[0®9] t Aablp 2 ebewsdbatofe ibdrel exich forvebay tfypetonvheewt enrich for EP-

B T AT

- cofthineylonpiehiny celid, evhile &eiPeytoll pelldn i laghirpahctodis.

definition of a stem progenitor cell. [0061]- These

ThbleR.cl early indicate that the novel Opti PrepTM

fractionation method of the present invention

FREARRAL s Ly 1 om dgadggel | el ey " Nl "Wal WaP! el

hepatic steniprogenitor=cells 1n the I'itve fraction.

| n contrast Cobhiesst afdkomiesidt hod i th8 fietd, & ©

centrifugation thr oug@ a Percoll density gradient,

excl udes these cells™fromthe pellet. Wile- there are

cgg%@;rél%ﬁati 0§s in the1%ondi ti opns quler yni ctb Pereol | o
ensi

y gradients are run, all of "~ these nodifications

- fiaotka) ve short centrifugation times (mnutes) and | ow

g-force (50, 70, 88 x ). The object of the
ECbGAMhE | ona#3 net hod #Ppears t6 be %nri dhnent2 f ob 1
eb@#)ger size, mature, 17 WD 2004/ 009766 ,
US2003/ 022220 vi abl e hepatocytes. Since the
elket is us for alf sulgequgnt perigrentg
Iﬂ(gt?‘[ﬁglqiésl,lggerrgte is di g%ar ded), bt heq?i elg ha?beergm
Peadhl Stentlygusing cgld prepagations depl eted off sugh
proliferative stenf progenitor cells. Qur novel nethod
SuppInai¥t certainly change the types of experinments
performed, and the data generated, to further advance
the field. This is particularly true in the area of
cell transplantation, where it is deenmed ential to

[ _ }1‘6 eISPIhAThRE cfiBhibSarivk EBm! ‘hﬁlllqéh @Hm?ﬁﬁliting dilutions are
pr.oli erative capa0|ty, S S t ve tne greatest
PRHOEEH PR ﬁ?ﬁ%"?‘@&%ﬁ%‘f‘i"?‘g?‘%ﬁg’“ﬁ RFDF SorgHERE Bh avgiRgsE5] coll are

A IRRRGRG WA RAbody tm%ﬁb@ﬁ&%ﬁﬂi)caﬂiﬁ oTR peieicyRe] catigunsl

of enrichinng a population of hepatic steniprogenitor -
CEAP, whigh roapts with biisny anﬁvéhﬁh%ﬁ‘.m%tﬁﬁ’éf‘él9dﬁ‘ﬁlmafh? Pl both of

I.l%?seﬁt?r?&rotficgﬂg rg%l b lsdhetSBionl i s@f)pdgﬁjgé‘&}iééﬁicé‘ﬁ)tr AR/Ubentiality of the cell

ace nmenbran protelns, .g., recep ors)

- glingoist & Gat aelanly. Sueh bipeibatialityds theloperationad defindtianrof 8t ages

st%/p%geﬁﬁ&ec%h! ation. Procedures for

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

- stem/progenitor cells in the live fta_ct'ton. Tn contrast, the standard method in the field, of

centrifugation through a Percoll density gradient, excludes these cells from the pellet. While
there are modifications in the conditions under which Percoll density gradients are run, all of
these modifications involve short centrifugation tirmes (minutes) and low g-force (50, 70,88 x

g). The object of the conventional method appears to be enrichment for larger size, mature,
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i,

. ;
R

separation of the subject stenfprogenitor cells may

i ncl ude magnetic separation, using antibody coated
magneti ¢ beads, affinity chromatography, and "panni ng"
with antibody attached to a solid matrix, e.g.,

pl ate, or other convenient technique. Techni ques

pwoeddionges accur ate separation include fl uor §g§RREM3/022220
activated-cell sorting, which can have varying

degrees of sophistication, e.g., a plurality of color
vigheh&atosytes. O¥insyiad Ber@dlpbenatzyﬁ@dlfmgﬂutsub@qwnt @d‘pbﬂﬂents (the

det ecting channel edance channel s, etc. SP](’J?E‘{
fhe filg taéngmnﬁﬁﬁm@age@ Pre%ﬁ{ﬂna g
. sukh PRIRRIVE 'st%ﬁ;]/ﬁ' el1d. VGr noC8llheth df willREosPERERIN change the

i nventi on. dition to hepatocytes and their

typesind Gm@epts @g@wmeéf agd theflata gopgrated.dp Meﬁédvanqm}h@o@?lioﬂw is
pﬁ@&l‘h}% e la*ea%f@&lsﬁanh éﬂt%’n,n‘ghé}b {ts @ééﬁfed EﬁUaﬁto have
endot al ce

tlss e macr ophages (Ku
trangplangd cells weithl the leglmei freliferativie ¢apagityotdasde ha‘@élnq greatest probability

red fromperfused livers are al so
0I Won al n Some residual blood cells fromthe
[066% c Lﬂﬁﬂdngéhnch@eﬁti(ﬁnﬁ{hﬂ:%l&ﬁt&m Phekdly Sfie ta&nk of enriching a

arations of the present i'nvention, the majority
pqpﬁlatlerh bhepatisrstaw/piogenitar edlls of the padsend anventiond Moneclonal antibodies

arg gﬁ'ﬁ%a%[jusgﬁlﬁ) ﬁ{r?&aﬁﬁ%@qg%at %Ig&? e gtleiln§ r# I}ééeptors)

n gIrve rise eremaln
aseeidtel wiith pdnmclﬂmepihhmag@mmdmh stbgedof differentiatipne ?socedures for

i ntracel| ul al t he . f .
sehfipd e ity Bler NetitBloBinil Falisd i ciac i blic Gharbdls, ueing
 anfibbdygRated RAghcticheli, ﬁﬁﬂﬁ}efﬂromﬁomﬂiy ausd “phibming?| with aptibody

t he | ocyte, ocyt e/ macro and nul ocvt e,.
- atprhed i BRI o et o5 P BOE BB B i, S ERfyed Bioviding
acgtﬁ‘hﬁ s@;fan‘;’tﬁg |11;£clﬁcﬂﬂudﬁéﬁdenbéhchhﬁe@fhﬂdﬁorﬁ_lggyﬁmch bl hawe vdrgling
e e cte 0 expre I.NclL.uae
degisst ?&Dp@éqlqag% D erplagE of qlfre sl 1%%1%“13 H@“‘S’f‘ light
scRsn, %et%btﬁx%%ﬁaﬂﬁl‘srfﬂﬁﬁaﬁﬁ&ham@ﬂ%t@er haps some
- Tgr angl ocyt€s. 18 WD 2004/ 009766 PCT/ US2003/ 022220

[Obm 6&]13 Q@@bh d%h:bﬁﬁo ﬁépl&@ﬂﬁwl ! :ﬂ?é‘dt dl;aﬂl\p@plﬁlahdlﬁ ffornothe tiable human liver

vi ab uman lver_cells O e res Jnv | ON
cell o 6 BRESE VG, BRI o BRoaR e it SRR e nitors: the
TiveP@siaisdd Adofdr bf‘addﬁ%nﬂfdell ) indCRIEhiR, dubtdells lepddhelial cells,

anti body 'specific for CD45 can be. coupl ed éo magnefic

ﬁsmedn@rfmhﬁ&qségupffﬂ@em)eﬁtﬂla@mgq @8] EphoFss. ensiens
%tdra%db% i ng e t 1¥Glso ‘EE&I#!?O coHfin sdoRARsiR blood @elﬁeflrdﬁ the

.m crosphefes and can be renoved ﬂ;l/
citchletion i thgmablnhuman ligrerrrsl) meepeeatiphscfdhe mprsnidyeqniign, the majority

- or il sl B B RIS 5t i
- thét Bam ive rigoiepatodyealr Amlongﬂe mem&ning lcelds i6 e mpamgsgthat do not
expn Sl il A ARACH, SRANY bouin! B 40 Surbdh bk CPU3 68T eukocyte

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

monoéytelmacrophages, and gﬁixulocyte lineages, and on erythroid progenitors. Important

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

lj;mphocytes,'Kupffer cells (which constitute about 80% of the body’s tissue macrophages),

and perhaps some granulocytes.
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in conjunction with a magnetic colum (in a device

such as the AutoMACS or dini MACS) to bind and renove
CD45-positive cells. Using this or equival ent systens,

at | east approximtely 90 to 95% of CD45-positive

cells can be renoved in one round of depletion. The
GE20dap764 ed cell popul ation al so retai ns eggeRisk@bhIzzzo
all of the cells fromthe liver preparation that are
capabl e of attachnment and growth in culture under

© [00eNdDEpISH dfitS4siRYiAVe coflP fibMehd Fhb16 Bihah livenedlls df the present
_hepat ocyt es. bél\%% of these cells can attac

t . .
m&g}ﬁoag@ﬁd e ashieyed by swaRnorispletion matads kvaratip dinee Shillediaifie =
FéH 2 RhAY, HERRIBENHGodyRpRIR BHYD4 BYanGREbiRS to niddBetic

magnetically sorted 5- popul ati on, .renoved fromthe
midresphered. The micredpherpy asp hen eontprtadito theiably lugnap diver cells. The

B SR RS A Dt i i o

ama_gmgc |ﬁyhﬂ|a(hlc: giistest suit@lﬂﬁﬁn]r i@t depletionmefd@P4rpositizp egllsdtiavaiable
..can _he..sele r.eadi: . 2 i 4 i y )
R BV 2Rk o BRI Qi Bl e Slsd8. b
5yA0P JEBe@iéchlﬁidbEdr, Gexarmy). gr,l mm:gm:yl st €043 NicreBeads are utilized
. surface marker can used to y s
oY Cymadaet iy B §EE Reh Y BuoNac pr CimiMACS)
~ tobidd ﬂﬂﬁeyﬁ&;d@zmﬁtﬁﬁivle a¢llsbtsing %hﬁmmakm‘;s?ﬂm, 31; ledstt he
macr.ophage/ npnac i neage such . as _Kuppfer ce .

a0 GGk LRy POREVaSF ot S B SR feplsion
ThOODYS abfRsled QNIPobBlafidCdldd el eehtially 2l paiha telisrfrom the liver

Mat eri al’'s for conjugation include,, b&t ar notd{.l m%hetdf
. pwraq@gh@m@gggi: agt\w i t ang grg . igp .mrq.. r conditions that favor
epifaBi] 1l ﬁb%l?iﬂ%ﬁlbﬁhtoc%h.%a@ daMGe EQs cindaliabieRicollagen-coated

Separati on I ndi ndg to avidin or streptavidin

dighes aw sreenfise edinp ond soniq disniaydiepaaedic MRNOIPEy Ay fRptrast, the
m?éfeﬁcéﬂ sPrtéd &b&?-'bgﬁﬁz‘%ﬁ,erem@%d #¥&h 8@ Vidld livePédligirepafition of the
chni y be“enployed which

ue nma ye I'sS not unduly. .
preent inventioalusing itanodeplation, hasfewfeelhibataiipghand displgy fhe

m%}&}lg%gggfﬁwgp%reﬁ tlﬂd'cm/enti on maybe preserved by

servation by any of several cryopreservation

h ' RVRIT-Ye] ; :
T AR A SR A
spRETiCAISABARQRA R0 twantefecsiimepulatinns For e2aIRih 2 Autiiody to the cell

TS o VISR TN A2 sokads, S0
suiifasd medtesCDLA M Yeanphioatmoe: cells ofthn meerioplage/monpeyte lineage such

es:i.nt invention may be stored in |liquid nitrogen.
asgpp eﬁ@ﬂ%ﬂ ONALI TY OF CELLS OF TEE PRESENT | NVENTI ON

o 68 Quce dd Y | . in oBY .dwﬁ%ﬂi&teceﬂ
100Gy Rl fE{enfifctosRRA b ABRein e ia Tl R _
separation. Materials for conjugation include, but are not timited to: magnetic beads, which
-allow for direct separation; biotin, which allows for indirect separation by binding to avidin

or streptavidin attached to a support; flucrochromes, which can be used with a flnorescence

activated cell sorter. Any technique may be employed which is not unduly detrimental to the
" viability of the cells. '

[0067] Cells of the present invention may be preserved by cryopreservation by any of
- geveral cryopreservation methods. Typically, isolated cells (as described above) are diluted
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4-«
;

t i
S

: ﬂ@ﬁﬁmués gain pdl

invention are isolated and cryopreserved, they are
‘characterized by flow cytonetry utilizing

cel |l -speci fic nonocl onal or polyclonal antibodies and

fl uorocbronme- conj ugated secondary antibodies to

quantify cell types present. In addition, the
fwigadolongdsi ty of the cryopreserved cells ispassRauaashaze
across a battery of in vitro and in vivo endpoints.

[ Q069] For exanple, hepatic steniprogenitor cells of
totahi%snmd&‘éﬁcfﬁlirhﬁmﬁﬁ bk @quenmmjhaaré FADpellernmBolne (BivlifelSokkions, NY)

. se nonoc al 1gGp f phi ¢ anti bodjes
RO CARRO eﬁ%ﬁ%t"@dﬁf’fﬁan oo fegberaryity Ege Fls of the

pregedt b QfVA DAY e 6ol LiqHe hidlogén. | NC, UK). Control cells
are treated with nouse |1gG -FITC al one. The sanpl es

4.2r e FUNGTIONALSTYNQF @Rl ERIGESTIE PRESENT WIVENTEON( Coul t er
. Electronics, Hi aleah, .Fla.) tuned to a wavel ength of

[0068] uDmredivedceil Ipepulitidne,rmdumﬁgzhpgm stenelphiopatiedcdlls, of the present
de .98% of th t II d
ingESEig P dARIAIeS S SORRIT R oG 410 G h st P B AT caRemsty feine
cellBpedific Mﬁﬁdtldﬂagdiﬁpoﬁ,@mbﬂhnﬁ&hf)an& ﬂuor&lﬂl@n@ﬁc&tj hgated G&Dhdary
t_vvo ar amet stogram a ent a
S BgPRY erl) SR oty Sntddtion e FEPHmATy OF thegpymppeserved
cehals\élséegs@d SAER0] Biktery o764 HH S and mShHb QdoRidIar | N

nmet abol i sm whi ch neasures both m crosonal cytochrone
[06594 5 (Fodl eifle; hbpatib akm/progoniteedellO6r thsprageht indention wily &6 reacted

omiFev A QL RS RSRoE A eP PRI AR P Ba A

antiPRR b satdd i SlobRBcdiPRbthibeydnBie (ﬂmr@(sefmd 6 QK). a@tﬁn:ml cells are

proliferation_ potential. [0071] In vivo we asses

tr@@rirvsth Beise 18§ ffIE algpey Thesagplss areppalygediusimgiag EPL Elow

Méﬂér%&ﬂ?cr EIREMHiS, BERShosiy] ﬁmE@f%WM@ﬁ:n%th@Bﬂ’SSEﬁ}ﬂ kadtthe
Into the |iver ?arenchyna 0072] The foll ow ng

tacclads B8 %o e coritol prlly e Windowaagrgestablished
momg,%%) ﬂﬁ&ﬂsq;ssg fB{vgaYcﬁﬁﬁHt Q&au@smﬁhéscam (SS)

om rejectin e trans uman cel

- twtpadyneter bistdgsianmsl thhpweeiltmq of positivelrtfgresgant gienisas determined. -

nm crocaniers to which they attach. The nlcrocarrlers

- [06703  dupdrecudpninty inchidect-ehorysewnarinangieholism wbich mggsugss both

midfo S(Blflﬁ ng!rogﬁ'omgie-él encieﬁtt e Itolilﬁa&d:{sq've‘flaars rcb@ﬂlecpﬁ{ake i

cong tes are ha vest romthe peri t oneal

- cogjagition reastions; orvegbnesintd asseas the dellsbability gheonwps ﬁ@@@@wo urea (an

bt SRR ER AR LSRR A

ne can clearly s

{o@ggg gﬁ}zﬁé %N%%%gé%cag @%@%&%&& @r%&ﬁ%& inShtain a

- mdngp htmtoryEphandtye) eutl t:ngtaﬂuatorth@hmaarﬁn@wa Not e their

rounded nuclei and | arge ampunt of clear cytoplasm

(00728 (The Relloswingsindiemitiae BODSEIhudgedbat ave a severe combined immune

: deﬁclcncy preventing the animals from rejecting the transplanted human cells. In one study,

cells are thawed and incubated, ir vitre with microcariers to which they atiach. The

.microcarriers are subsequently injected into the peritoneal cavity of the mice. One week

later, the microcarrier cell conglomerates are harvested from the peritoneal cavity, sectioned

and stained for light microscopy. Electron microscopy is also performed.
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cell. Cells on the far right are host stromal cells,
likely to be fibroblasts, fromthe peritoneal 1|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

\‘,Fégﬁ,h,@ggi, ed by the host as evidenced by thePE‘f'ﬁ’Jszoo 022220
0 cells. Particularly noteworthy is the appare

organization of the cells into cords or rows of

atﬁ Oéu?ezl IC? B!oﬂ:‘férbﬁr@ﬂh FHheRY Keﬂﬁtb(%ﬂestdﬁ%cﬂ’oﬁarﬁ%ahé’m !

erve ss sections of [iver tissue
NQm— Hrwice e comeletrbirge h@patwﬁpﬂ@mgém the micre¢argers f Netg gheir

T tg‘iﬁ%ﬂhef Pl ?a[}gé 89.01&1% Qf él gtg%l L y p Pﬁrpowhﬁﬁﬁg ey f)ﬁﬁcleated

ar € expressi ng I'S provi
cdﬂl. glﬁleoﬂ&s fardm&bmsﬁmsmmrgaltcbits ljsli to by @bebhshj ﬁ\tgnﬂmrpentoneal
]n% ﬁﬁen in 1 Ehelr cytoplasm Again, note the apparent
b S Rep Rt BBt oYL o) 8% e s L G0v6] A Tihe

[oﬁbzactﬁlglﬂ E% %%otqgsga&@io&ni&xgéa% £ 2wk BESENo L Rudi-0H [fge

_ t hr tothis mcrocarrier
isTahé offiepathcybasxhathave mmavumd@hzeﬂ: by thethestfag eﬂdmwbjethe red

_bltg? cei]?%a%ﬁ&ﬂ C roge\zlv?cir}hprAs tBl ani%%ﬁ% ?f tﬁgceslﬂ% cords or

ro%@bfhdpatokytes, anttidtaral crrg:tmrzaaomﬁpm mgalyeoumvkcbm cr¢s8 8ctFipns of
The t wo phot om crographs shown in Figures 15 and 16
ﬁfﬁ'}gtrate engraftment of the cryopreserved human

gt e OB AT s s
méiBielifito hegatdcyfes ahe dre Iemlliciresshiga tﬁthrelpljfmotybe isyeovideidn lthure 13,

ri,o 0i nt atter tran an on, ,ani na
apis G oo el v Heing o O EAE TSP THRRETS: ABPpoRorS o apparcn

or i6h BHe Bllsiiftoshidy, hybri di zati on using DNA probes
human centroneres as well as PCR analysis. At two

or
[ohm]r smpmélednroampfmio(ﬁegmecahﬁijscemmﬁrgumem threahepatocytes

C rly.visible, by, i,tu, br|d|z on| &

st 4y ST s e R S a6 s Bpespap
adjh@éﬁ%ﬁls‘ r@ﬂbﬁﬂﬁlﬁoﬁdﬁ&@tﬂaaﬁovﬁaﬁhﬁﬁ&uﬂeﬂ&ﬁcﬂ(}hﬂh Hediedtive of biliary

par enchyma, however. [007 At 40 days post transpl ant

capahic @Bl)maﬂfﬁ%ﬁ‘te 1R only remain in'the liver,

IOEJ/Q& AER e BB ene e R g fiepbonliefic engrafiment of
mn@%&@%ﬁ@@&%ﬂﬁﬁﬁhﬁzﬁﬁ&m@nﬂmem@mmm -

LI VER CELL TRANSPLANTATI [0Q79], .The t )
mige ot this sy f lomillipn thayredhge ﬁ“lE‘-‘é‘%dllg 03’?6 %&%wf thpmice. At

valBishfe Minth BReRFL8RMttation, animals are.euthanized and the presence of human
cells determinec'lby in situ hybridization using DNA probes for human centromeres as well as
PCR analysis. Attwo bours post transplant (Figure 15), human cells are clearly visible by in
situ hybridization in the portal véins and hepatic sinusoids. They have not yet passed from

 the vascular space into the hepatic parenchyma, however.

[0078] At 40 days post transplant (Figure 16), human cells not only remain in the liver, but
have engrafted into the hepatic cell plate becoming fully integrated into the hepatic
parenchyma.
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i nvention are anbul atory patients wth cirrhosis and
end-stage |iver disease (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, nost such patients have been
CROSuEROeds for  placenment on a waiting list fQbrus2003/022220
orthotopic liver transplantation (i.e

transplantation of an intact donor organ). These

$at | IVERNGREL ERPATIPEADHWATOOR or nore conplications of
their disease, such as abdominal.fluid (ascites),

- [90E]di Fig, taigeirfopslation bhﬁmhém: w&n@emaﬁcmaf thg Jnethod of the present

| ﬂgn ?né‘ IPI‘%n 3 bglga?cfrgtﬁ?tgen% VYI&] osxa émé;f’ ag%t ngrl g?etase\ed(EtSEgg caused
byrmtmt;&fﬁ‘m‘tﬁs SPaents fh@fe&ﬂife 5533 UEHRE &bj%laﬁf of greater than

trans&s S]Irgéled liver ceII s woul “Fge the case for
5 8RR Bk ISR (8P YPaRt: allieraforp past & &atiRpEy haye beepgonsidered for
iicRinest ech wiiehamt fbr‘i)rﬂl@toﬁi@ hl%t t@ihspl Ao (. [tRBsf18RHiRbf an

a whole liver transplant, to reduce hospltallzatlons

ilgpt dopeRsERRy There PatentyHayesxpariensedencar soreoqmplicafipes of their
 BihdeCAich @y ai:dohﬁnﬂffhdd Jﬁs%ue:i) QR8Rine f(ﬁe);)ﬁ{?@%{c%ﬂaﬁ%thy),

assessrrent s inclu rout| ne 1 apor at or
l%flgvtmné and pthoryroblems it isonticipatestibatdhe restpatients wild all be given

Eh%ﬁb—%hﬂp ﬂ)ﬂttﬁér%g' 1 re@éq? ﬁJ,"%rm)I? g'f trrﬂ%@ é(?ﬁﬂ:(r Sl astWifiud be the

ability o
cn@tfaﬂmaszleuumg@f iptact lwynat 'ﬂi‘hesgcmiaoﬁh@psj acied ﬂﬁmpau.sm delay or

o‘:ﬁ%%ﬂé RJJ—:H %9 Whgﬁrhév% , S A eto F& %:sgm}d.]%g? q:g g!g?f‘tgl%g %}JOILS of

Iver an er ce

Wh@l&akwdtampmwﬁmﬂmpialwabﬂbt cal ly to nonitor
en raftment and proliferation of - transplanted |iver
| s Bagalimagpd ﬁ)ﬂowdlpwek@ens linsdgie rowsing hdberadary agbelinical liver

ﬁt)ét%tﬂl&ré gsgssﬁl\%ﬁﬁ a%{v%lall%é) h&évg gzo gu%al g%%s%mgﬁtlé gP thle ability of
- theohinagedlivea o refnove tuams,emtd:&ﬂmed:fugs andi sghthédizeprotails. Because

ranspl ant.ed cell s
PR ok B BP0 REBIE noth R i BoteES Ber coll-specific
sctarhlam&hb apleat iro perfqmici ﬁéﬁcﬁmaﬂﬁto 18660r gtigrii&@er@ hﬂ;d;brehfaﬁauon of
. the, i to e inv ato tai ns i nforned
“%Ibsﬁ?&r%%iﬁﬁgﬂ%gffwgqu@@a e%%%%@@ gonsthat prggperic to the

" dABOckLsp leeﬁe/@:lﬂb% arkigrs ERRicE ol RAFeabBEin TS bloBE are monitored as

at. with donor blood cells in solid liver or
ﬁ!“?‘%"r i‘-‘é‘f’?fﬁ{fr"ﬁﬁg’ﬁ?%f&?‘fﬁ@ﬂo f fapsrlatpd cellsf or e hospi t al

nos r.essi on ther S begun

1B i sk Pl e SRR 6R B R Dpsnr by ool g ptiap. riestesre

sckef Biythe elisic lbﬁftlidlﬁ@é%txgd%ﬁ IThi #Srestip@foP bBtaink AMStRled RbAENQARd begins
[0082] In t to cell_ transpl antation,

Co e.eveni g@grl or [
. basplinegagesapents fnckiding ityRing. Biatignt'stipqdfupeigust be compatible

wiRishd? BlooiR@lPRAlsb BN fivdr %r M‘éﬂ Q@ﬁ ﬁﬁﬁsgﬂnfaﬁoﬁ. hwé &%@%b%?e hospital
radi ol ogy suite where he/she receives conscl ous

© adydspign, FRMUROWAPIEiEY therapys hega. iGryameseryad pellstarasshipped to the
e o S B or R AMANCC "7 Ut
[oegy] dalthy/&feRfhgPeior to cell transplantation, the patient enters the hospital. The
following morning, the patient is transferred to the invasive radiology suite where he/she
receives conscious sedation. A catheter is placed in the patient’s femoral artery (in the groin)
and advanced into the splenic artery. Donor liver cells are thawed, diluted and delivered
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WO 2004/ 009766 PCT11JS20031022220 es, preferably
through a syringe into the splenic artery catheter.

Adm ni stration tine vari depending on dose, fromfive
to approximately 30 m nutes. The catheter is renoved

and the patient transferred back to his/her roomfor

f ald mwmipregar e. The patient is discharged froparfgesiezzazo
hospi tal eight hours after the procedure. [0083]

Hepat ocyt e and hepatic stenl progenitor cell

prefaraspl thmlgln h eynngé inttdibe gplaxienrtenyi eatteter. ASdminigsptipretige gaties,

f ect ment of .liv
‘{?E‘Z\‘H{‘-‘F wéeto ?Wmﬁr niﬁﬂ&t‘éé oiéhgl }ﬁhla@fﬁ?énﬁdq@d and the
EﬁttﬁﬁMbﬂai lﬁ&ld tmsﬂa@mm for gillewlyproage mhb(patleneisldgcharged from
cont al ne é&r tra&ﬁgl ant nmedi um such as saline)
ahesp ?' BePEWFc site where the |iver

[@S%# pTII I $ C l ﬁ%s rtog?sqltgpge/éﬁ:’t:agﬁﬁgnt%h%ﬁ b s .p%'eﬁ?nﬁ irgrention
ﬂ:té‘_slf Beiised td %fecﬁtépiﬁce&\iegt ?f;hvbn fugutiop hgé mjfduyga quandityoof vidhle,

spl een, an express di ent j.at.e iV

el g LB AU YL TR Rerob R (i Rontained
ﬂfﬂﬁﬁhlutaﬂspwiut Jredigh 6 dsSaline) ied anchpp@phap aham;dcesﬁe wheit e liver
hepatic Stem progenitor cells, so trans

| t ed .
- wllsfingteding P ot et B PORET PO Bitgyed g jmptant
: ﬁﬁ? | géitsﬁéi sﬁaﬁ 4R 186 hytha drid¥R thd spTeed, ia@d extirdsh diffbeentlated
ul a

trans [ ants. I lul'ar _trangpl anti,on of

liwpﬁmonqnsemcladmg bepaknspis fynstiense Mepsusipgieep the quantity of liver cells,
%@ﬁ%}é&g %)?/d@(éc%%g?ﬁor W et rbébrﬁt&e&]lb 13§ ﬁhﬁsﬁﬁﬁted,l dfase degrees

ects resu tlng in the ab sence
ddivertaetibufdeficiences mfy he coireritddyanplgdament o éltVﬁre@mﬁlPBtV%

B R s i
@ma armeit ammgm Holwevdrj m@eam;géwa@p@swwwdtbwecmﬁé%%ﬁs
t de ,hepat,i
o e e
S@BQ%MQ &mhﬂe,l.ﬁ)ﬁe}@imm mahyparhpmleamg/and@mhw@uypsm@pﬁmency

! g‘pa Iﬁmlil gr%e es a& Iﬂb‘ﬁz‘a | ocaé:%:hei Wli,{l}lg Iﬁa?rs%% Cn'v% u'ﬂ)%siﬁaude@{ gﬂ:{ﬁlsl drhosis,

ER8 ehblsSof nititdtoBEny, atie ﬁ%r&‘a:hﬁa RCEE hoér mihmoh]s,\aeutg chem.lcal
cystic disease of the |jver,

{t

folighy,, cheppiclives filires cholamgiocibig,pilier i 6%’1‘18%}? ¢Magilis sygéiome, alpha 1-
| %ﬁ@gﬂﬁ AERLQRY SautoiERAS hépht&ls%ﬂlﬂl@mmi,lcﬁmﬁr oﬂ’th@htar,tuyshc disease

poryphyria; primry, scl erosm chol Ig f Rg’é’ §s1s
iRty iy eobaRsspatiog 16*§P“r$eﬁi it ppetynegfonagiEppars
| : &b Reye’s -
S S 1L o i
synflentd, mcfadctsms, tysosireinéss type ltgévcogmamrpzedh%eﬂ% W@éﬂﬂl gdisease.
@@%‘glrrp ogﬁcfr %p? o%%ﬂ ﬁmmtjaﬁb %gcehﬁ% 1 IIH}S@an%'ite is selected to

|nJec 1 ONn &
@ﬂfspxaﬂtt Hvgr 6¢llsdstn ﬂlainbEparmmhmt alinicpn teshnigkeefos srcemplishing this, the

Wﬁ% tellg S%E? 1% or di Fni‘ﬁ fpslﬁ’éld t}{}’%{ qory %g%.tﬁoln r?é' ﬁ}epsgﬁéﬁé 1‘3?1@1@11 kSQordinates,
ihB Ghjekelénig positioned to inject a transplant medinm containing liver cells, including
hepatocytes and/or and hepatic stem/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 (31992)]. 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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 [0881]/ Alterprdiveladiver eells.JRciding athpxis) b

‘hepat ocytes and/or and hepatic stenf progenitor cells,
into the spleen. The transferred cells then -mgrate
via the splenic vein into the |iver parenchyma [ See
GQupta et al., Seminars in Liver D sease 12, 321
(1992)]. In another techni que, branches of the portal

“pb Rocdhidrésmeged by, for exanple, CAT scanni pgT@gZJﬂg@nnﬂ
abdonen after injection of a radi oppaque contrast

WD 2004/ 009766 PCT/ US2003/ 022220 medium The Iocatlon
méAeh d ThaiRSioR cobtiRalosf B p&faﬁﬁi@ﬁkﬂfés {feedil 1hg séﬂ'afate lobes of the
separate | obes of the Iliver ﬁy t hen be

hveﬁfneﬁfheflﬁe vpeddm Byachife trarsalaptediis oo pBeta C&ﬁmdrfh‘éﬁfafusea
spBBH@ b idtR8yith veP&EL [ Sefohlsbiv@ive hiiGonitolrs hbﬁtﬁﬁle& Portas blood
Such sel ective infusion allows continued. portal blood
flow Bupughitesfberiiver ot her |iver. [0085] Alternatively,
liver cells, including hepat o tes, lglgqlﬂcg arﬂcﬁ%nlf.éfdhepaﬁc
aﬁy?l%%eﬁm BURNA t&ébre&m laeednam fiay B6linfctel B um«éa direigtihty the

othe Tiver pul p, through the sp Ienlc ve|n or
hmpnlm thwegwhe@plelseﬁeaphpqrﬁbvqw’@ébe@%éhﬂ fa@%‘e-]
tabl e nmet hods of adn1n|ster|ngg he cells of

[omfase‘iwtalplﬁwﬁ\o%?faéwe oells Preﬁﬂnamvwﬂa'ﬁsﬁ“blm

hﬁmaﬁﬁﬁ?) &S &k dbRAbddin dehR hbreSheluding irj&dtiod bﬂﬂnplantatwn
|ne i on- or fantatlon of the cells into tar

ofha astls o tapust S’@b ]néb@ gibjests, eriibe ¢adls phthe pavenionicaR Bf ?q%e‘ﬁ?d mto s
de?i@é}?r ?v&@v?ﬁi%ﬁ Rl AnifodutiGn B48hMctHR G ﬁﬁpl%&fﬁtﬁh of the cells into the

ates |1 ntroductl on ylnjectlon or |1 | ant ati on
subjects h8uabalelivery dewices rsluds tibps otes catbefens, fgpinjspting celisgnd Huids

m{gr}%e ]%(fdd%. g‘lé{?gc?m?n‘% sn%%eé;t glglt gﬂt?ﬁ: & eriMdinhdik 96 dibG é&ﬁiﬁloﬁally bave a |

a recipient subject. In
nepdliefecg.r exyringd dotoughnthictt the celisioé thedukgntiornoaa be ylmdanto the

B

infk:Ebn egh Bedfitedinto stk a delnery &ﬁsides{: g-i apkingk, mgdﬂ%;mt founs For
ste n|t r cells,of t can
ety e Qo b repeniSd 4 liPgn HERRG0Rn 3 Mol metrix whn

cohfam@aﬁﬁ RicB Aelivy®ovideO s ueaaamad@ the thén telukisn'Cianlufes 2

suspended in a sol ution qr enpbe
phagpaceyticalls peocRiahie sarHEr T U i @dlagﬂﬁ %)EW Ry dntion gemain
wéﬂ:ﬁ&e opagh&leRticalld Sedefibile chrpibidtzh®BiludnRGhdhEiRSalkine, aqueous buffer
har-maceutical Ty acceptable carrier or d1 | ue tdé'fugntsiswell

-so p@&h selpentyand/os dispersina medige A0S BP ¢

SeHt ‘Iﬁé‘k&iﬂu&% g&ﬁmfs«:&% Lh@fisid me SktohlaRhteasy

ncI e sallne, ague sol utions, _ solvents

syangilbdlty dxlstgemfe@amm selution is steble wierdhe ppndifions of manjfppture

ent r
fmglse?aére %‘F? er i ?‘1 Em%ﬂ&m% F]eon-eggt%lel%t%t at ega‘%h s
baﬁtﬁm m@mmkﬂ thmuglxihsusn of.Pfoe fxmgihe, parabdns, chibsirehuitanelphenol, ascorbic

st e _unde L1ons o fin:
oot et o0 SRR Ty RN ATk e her y imorponatine
vidtfle, fitiondl gt calisassiesdribad herein in a pharmacentically acceptable came1 or
diluent and, as reqwred, other ingredients enumerated above, followed by filtered

sterilization.

[0087] Support matrices in which the viable, functional cells can be incorporated or
embedded include mattices which are 1'ecipient-c0nipatible and which degrade into products
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bacteria and fungi through the use of, for exanple,

par abens, chl orobut anol, phenol, ascorbic acid,

thinerosal, and the like. Solutions of the invention

can be prepared by incorporating viable, functional

liver cells as described herein in a pharmaceutically

3o epialdke carrier or diluent and, as requi pegusticheizzzo

i ngredi ents enuner ated above, followed by filtered

sterilization. [0087] Support matrices in which the
thatiaadha hadmfnktb itieradipiest|! Natwa andfer synthetipoipdegedalge matrices are

enbedded j ncl ude trj,ce i,ch are . _
csFBBI0 PLAE oA TPueLo-sebie i Pariepar sl
deﬁ%(?/ﬁﬁnlﬁ(ﬁeﬂdlﬂﬁﬁ] o cﬁﬁ@bhiﬁ%ﬁil%?l;é Cﬁéﬁlﬂﬂﬁc Iéi?h@rathbie ﬁxﬁﬂlﬁces inclide

ar u to t recl prLent ur n 0 nt hetl.c

SYBIE PR HHSS FYe prlyiydd »PO@XP&E‘B?S%&’ 379 RAYRC R Ofter
exbipiék ot s 'tuaa@ga ébbﬁiﬁ@&b&slcc&sndo lraw:idlg oPt1AbsMEinglcelissinto these

e.g., erive roma mannmal, an coO age [ S
s K 0 B Nl P B0 A0 1B T g 0. 5,308,701

~ THRGS YIRS ;YGile %ﬁ)p&a@ %}ﬂé‘?ﬁ&ﬁ@ﬁdﬂ%ﬁthe BRérYeid iH ORS1ahd Sre, BaEfore, the

. polylactic acid. " ( exanpl es of synthetic_polyners
prefiaredyformdr whish thediver esdF ateiinfeedyseddpipdbrperigicakubisctsnt o

~ these matrices are known in the art _See e.g., US.
4.t GRNE THEGAPYOOL AR RRESENG,IN WI@%OS, 701. These

" matrices provide support d protectjon for the |iver
10BN (S ey ioaL iR e B o o B PRl

'pﬁiyﬁiciﬁﬁé Al ﬂaﬁ&t& L& bee@lsk B Mk nability RAbtRsustimRd gl expression of
feci pient subjects. 4.4. GENE THERAPY OF THE PRESENT. .

- the feRaERETONL{ 0 88 Popalaonshich gy thers qfitherotep igyenfign, jqiuding the
stéﬁﬁ'ﬁﬁzgklﬁtog BAR! Bloale SPmdir %ﬂ@ﬂs@#ﬁxﬁﬁ&i&q{ot&ﬁﬂh@mmﬂt a promising
e

E ysicians and patients, often because of the
cell papilationyin mdiichiie abtaingnd majntdn effisivet goRp FEAESIR dbe sfgdherapy

of:r%er e{g‘géengiﬁ{?&rﬁoﬁ,i i Ghe &ﬁl!)ddf]ﬁ%fi’,u i tﬂe%ﬂ%eveﬁib?@m@ﬁin%%%ﬁogéﬁous gene

resent 1nvention, Ing"the_ sfenm progenitor
intodh¢ sells bet warsplaoting thesi cellsdntoribs pasienix éa@gald#gpfcg@mqrw e
mé%%% ?&ﬁﬂﬁlg%mﬂ{ tgglu%ﬂ ?fqﬁé 1!(;9a é)iliv%}wﬂté op(tﬁr?‘:xﬁaﬁeoan importan
obtain and mal nfarn efficient gene expresston. The )
préjeingsiich as theynissidg LDk resememsiin hypevabnlcstoreleniin anshelotting factors in
herrb iment, will be achieved by inserting an exogenous
PEPERE™ % nt o the cells and transpl anting these cells
into the patient. Logical target disorders_ are

[09699 e s wajor énpaditheny irf the ArTanb alieReis tojarlietst stablinfsgration pf Hreign

. I ) ] q s

soh S5 40 OO T B BB st
préfifpetaih vites tBicis patioulanhoiproblematie fr peragps to pgert exogenous genes m

tvg i gl Ml Mo B e olTREE bRt By Vi VR, o, a
 begpmeiergoronty kardinations. Resdntlyegdns trafisfetishidis evere parfpamed wsing
_helt)aggcyitenﬁsbtjlelltvia& %oﬁfwwéz?aﬁae ﬁéntta]gig ?pe%ﬁ;l)i(liesmﬁ Pabbits, which are widely used
‘as an animal modei for familial hypetcholesterolemia in humans. Like their human
counterparts, the Watanabe rabbit cells contain a genetic deficiency in low density lipoprotein
(LDL) receptor, leading to high Jevels of cholesterol in the circulation and increased

* incidence of premature coronary artery disease (Wilson et al., 1990, Proceedings of the
National Academy of Sciences USA 87:8437). Rabbit hepatocytes were infected with -

recombinant viruses carrying a functional LDL receptor gene, and shown to cause a
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- defidertciek. ed and nol ecul arly cl oned, hovvever i s not

proliferate in vitro. This is particularly problematic
for attenpts to insert exogenous genes in |liver

cells, since mature hepatocytes do not undergo

conplete cell division in vitro, or, at best, undergo
only 1-2 divisions. Recently, gene transfer studies
We¥200840bRE Med usi ng hepat ocytes isol ated frQgsaoesn22220
Wat anabe heritabl e hyperlipidem c rabbits, which are
wi-dely used as an .animal nodel for famli al '

. eyperaehahaistaion belFpertipiie MR 06 gehdtically duBicknt THBNR following

ount er part the t apabe rabbit _cells contain a
6@7@?? Ferf 5D %&a DcersHafe of this fspobthisrany cp s futher
£80RAA i thd GRe bNBitdrat &n&bmb@\n@irs stable Gligiramh @66 b pbuldtda of
circul ation.and i ncrea@iewl nci dence of premature-

¥GPRLGells grhich i5 cgpable o8 takesll diyisign. Sincedfaschepatic stem/progenitor

18 6£06 bRSt Rlved i@ prdifihe W&&%ﬁ&fm? @dr I%Eﬁmgﬁeﬁ%n the
87:8437 Rabbi t. hepat ocytes were |Infecte

isleB AP ikAd herpiny s aduchihe armghwmal gelsacormeulinmpd wikabrimnic

%%Ellﬁlus%% %’g %Ygif%& I{E’g&n%'g?%ﬁ@ég% I'I&gé%lét?%%aﬁ troduction of

¢rppenchs gandeiwicyliina. t he genetical |y deficient rabbits
followng transplantation. It is believed that the

[©090] © 98 virithFofGhbdr bxfork of mtaolibh QFAiMsca Y iR rifed obhBE deficiency

aug rrent ed if the gene of interest can_achi eve nore

@thaﬁa csliy. nkhege disqasns maytbs teeatpbpransplantatign of figes; gsllepfithe present

" infdnkisn Wi uhSichARBHIES e RS RS ¥ bS] ﬂxm%d@e&dr@ﬂwolves

Si nce the heﬁ:tl c steml progenitor_ cells.
ipoletivayef livencels, instndmedicptissierdprpgenitpt qells, of @p@tﬁsmtllgvemmn from

A D VGBI ol

conbetflsrgegeticdatmhby constitionalghestensier teshnetogids.cconfigudtion of stable

léf%grq{ei%g%ngls 3 ﬁe%é&%f@ﬁe (Fl%%i?ﬁdf ég%ﬁ? %g‘ﬂﬁt&n %cp%ﬁﬁel ?ﬁ&uﬁfof € ce]ls into

- 1Be sanTedr oﬂ:enpﬂnhis‘l qwmrhmrsel’onamemum 'Btmpproach 3 @aﬂlbulaﬂy

| | |
PPUPlsa P st 5 eGP o B PSR Hisgee nd the
defeetengene hﬁM@ﬁﬁ identiftdrany ivolpeiluiy ¢lonsdahowapi, iiﬁs ﬁxit litited only to

| tﬁ%%%%fq‘l o idelap R o i ARG ARHE hepate

BErGLEdNE OF the Bhdsént m%nﬁdﬁ&:aﬁ?:ﬁ? g?icgdgf]galv %Tﬂ“gﬁ ?;i/y hlkobe

patlents afflicted wt rt
trapspisfedinigrall Pgﬁw.%ma&@%@ dividoglsy FEuaplesfHaEq: genes aud their

1619l §64r dideSsed ARLIE GmERbRAb ﬂl‘i’é’foﬁﬁ Y 8idfal ?9 ﬂﬁiud&ﬁﬂ?are not limited to,
transfer technologies, confirmation o

therkIly Fesentonsena in fsiliab begmholssterolamin dhs ¢let@n@@ﬁ@r genes for factors
ATIQHH €% Sa hﬁﬁ?)hfﬂaaﬁlé Qipﬁi‘i %Lﬁt%siﬂf 2 ehxg efifphln)] %9 hén Al anine

-sane or ot pail en or reconstl

h?&pwlwmemmmhﬁwqmmuhaomyhnap@sp@mnﬁm igene m
i A 0 %%@%ﬂn@
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limted only to
[0091] The liver is a center of production for many secretory proteins. It is anatomically

connected with the circulatory system in such a way that allows a efficient release of various

proteins into the bloodstream. Therefore, genes encoding proteins that have systemic effects

: may be inserted into liver cells of the present invention as opposed to the specific cell types
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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 all ogeneic HLA-mat ched

i ndi vi dual s. Exanpl es of target genes and their
rebatdodzésver di seases that are anenabl e to tddsushanEr220
of therapy include, but are not limted to, the LDL
receptor gene in famlial hyperchol esterol em a, the
thatapmally pralutothegerspeciftlyrif &t sodifficslt tovidepratrg@ndsinionhese cells. For

i d.i a l-antidt.r [ ene i n,enphysenn,..
PP v Py, e Ak o8 ik K oy B e o8 EBGAG tver
cplieofithk@tentiniaition e thy setieliomer thaibgene prodactly Inbs@e gRfifation.
in hyperanmonem a, and conpl enent protein genes in
(8692 Oter 0 pARHY of P TRV tlivm‘jc%ﬁ# &t D blefent mulg%t'%ﬁ]lsol—zﬁeed by the
liver is a_center of production for ny secretory
 pppcstwpydpscribed aboverae wad sulebipicnts ingrac treusfenickperinimmts. The cells

e i n h . allows a .
ngfy;bigcél ent re| ea gﬂ}o\‘?, Ve b(ﬁrgdﬂ %téé&e}ll%{ﬁgrﬁ?én §*pgraous gene. fn vitro
diffeserdistioncefithes§ hellsahiayr te mighwies! torthoaidiipnmf oytekinss ihhatanmer
Ve, s ] ffects..may be.inserted .into |jv
SIHE 12 bR Sen R hoindiR Yoo 1 ERSORfen e ol fifores
specific cell types 26 WO 2004/ 009766 _
UBorsbamirpdychion of erpgenayp geter intgthe gulbwed ¢ellppf the present

' h?’l%g s_e.l’ %{gl (%I%ﬂeﬁ Iggl?e g(gén%{ﬂg, av e-lrg ‘L'e"tq‘i’g’%’?’ﬁﬁg? no ﬁg‘%g iélﬁfélgm & but .
neflimifd g, frnigrodniedtivndyangfertivn and whesdictnr Eeatiditivnpifithedirer cells
. . ; ' . .
it o 6 B BB USR8 cobPRARESE Bied B ot may bo
corfiegapadde biideglptoprdieiniand edded oncellk toiaduce@btake aiid ddpeession (Wu et
R P T —"

Tecipiens Ealls. experiments. The cells maybe grown in
.culture prior to, during, or after introduction of an

; ; entiali _

T o0 it ¥ Al el Rk e kB S o

- regoyisavend aderdvipest Horx dvemplse whén Ysingedmicyinunéploission yectors, a
| et . For

e Rl BEPBE AR o S S MG Moo 8P ) ot

e.gethedatoprotrnter pnd fripattite leader s¢duame. This chinemiegenoney thay be

Lk f d i : ti I, t hni. , ..
et RS Ao frd e SO0 b LE Aol e HBR. ppsertion in 2
- ndlppsamiaériglimfa}iwvitaﬂ gémdidi(e.'{gg mgiianlaticﬂHSI) iwd@lihyestlf inf d¥@combinant
|~ r.ce S xpr.ess.rece or. S or e . . .
vitgs i e RS e EBS SRR R e ebh mapienip ipfreied g acsgyve ool

- (elgnises Ban BBFhdR, 1984 ea AR Achd. 351, WSAU YIEIBI365S) MiRRRtvely,

added.tq cells to i nduce uptake and expression (W et .

g ARG T APIOEIO A DEIUBRS (ol SR gt 569524 Brogy et
AchRl SeiPUDA 994185781 FTRERLEEETL. £1984, |, Kol 495 RigE A pahifhi St al.,
1982, Proc. Natl. Acad. Sci. USA 79:4927-4931). Of particular interest are vectors based on
bovine papilloma virus which have the ability to replicate as extrachromosomal elements

~ (Sarver, et al., 1981, Mol. Cell. Biol. 1:486). Shortly after entry of this DNA into cells, the

plasmid replicates to about 100 to 200 copies per cell. Transcription of the inserted cDNA

does not require integration of the plasmid into the host's chromosome, thereby yielding a

high level of expression, These vectors can be used for stable expression by including a
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[0094] The preferred nmethod of gene transfer utilizes
reconbi nant viruses, such as retroviruses and
adenoviruses: For exanpl e, when using adenovirus
expression vectors, a coding sequence maybe |igated

to an adenovirus transcription/translation contro
cwopbewesiee. g., the late pronoter and tri par tactrais2e03n22220
| eader sequence. This chineric gene may then be

inserted in the adenovirus genone by in vitro or in
selevigble amdeo imtht plasmid] ek b, f@resirnple, thm%%ﬁsa Alteddatively, the

. f th |
N e Qiom b PR B Rt it P o dpPiaB Rl difrging e
axprratibreofahy guipy cfisibreg il hpa@enanProgenifr cdli of itk Qﬁdsﬁﬂ invention

(ool i, TodG g vl e 5 DiacH1 e 335 Mg lvel cpresion

-yt o B dehiebed usidgliRinédiibthares] Tnbladidg Dt Rt BARLEfo, ARY be
Macket't et al %2 Proc. Nafl.

use . see,
oS g en s Sea Sk TMRKET L of ol . 1004, 1.
ViroL 49:857-864; Panicali et al. 1982, Proc. Natl.

[Pe%5]. FSciongumé, High4BRTprédRtipn oﬁecquﬁﬁﬁantpﬂo&fnsj gtdbdy @ptession is

RGeS ol AR o i SBich P okl af plcation,

vidbbeyBiicBonal ﬁaa"r\éelﬂs, meIud&h hepahQ &%m/ﬂi@éemt&&ieﬂs oFthe Fresent invention

1:.486 Shor t ié & er ent of this DNA into ce
- cppbe %W‘F‘g Bl GRProppTe pxprespion E‘B}S‘T"é%lefﬁéffts (e.g.
_ pedthdter, dibanses, seitdn6ds, tﬂinsérﬁﬁoh B Ichek, ﬁ@?ﬁlenﬂ&ﬁ)i sﬁ&t etc) anda

require integration of the plasmd into the
sglﬁrg%}ﬂg . foble marker infheyrecompjpant glpétplddzpnfers res1stance fo

IRRIBEH K- auwséals\r@&m& il B s i gﬁéﬁﬂl 3thH @Rdrfosomies and
expression by includin 004/ 009766

grEToier i whirh ptunesnde clpppdandexranded inta ¢oll Lipps Fior gxample,
fSindde au{ A e nlg% B?\Tr% %ﬂ?g@eﬁfhﬂ 4Bk BR gbg g]h&(vedtul? Erow for

retrovir genone ca or use as a vect
1 Qetfrar irenchritledroetlic mndthamate divitelut itngscdetive mcpa.eAwmher of

oG PRYAEN R vd (B i) ihd b 8RAhfeath o B f filnleR Virus
thw@dmeﬁmm (Wigk, et:A(;dlﬁU?l Seil 11 msaa,mnﬁamn@a&m Hi ghl

ol Yo B BER TR oo St T B Ru gk S8
4&202ﬂ),l antl lad e yshokhopibasyittapsfeand(Loass et al0ORO, maurmtm 7Bgenes.

Al R in el 1 B B heliog For gt wiphgonters

~ rebigfah&d to nibtib itéSAtd QWRIEH €98 BIR0VB6E. Nafl. MEHACKeiCOSA 878567; O'Hare,
viral _origins. of rgollcauon vi abl e, functi onal
C.

- etjaly K810 Nat]. ﬁ&% h §SheT$at120); #ple Mhish Seialire Feststangs fos
' mQ%ﬁkB&m SRR %‘Bbx%nl 988 Aol ANHI ARST QEIMBIAWR tﬁ?@ neo, which
control I ed approprl ate expressi on control

coafestsgisangeoghe amﬂ@ﬁ&iﬁ%‘ G-éliH{&ivthsyre-Garapine flcads 1981, J. Mol. Biok.

lﬂﬁnﬁm}@ %:‘{ ec&g%%& Q‘EL W @%a@@%ga P’éq?rsadir’ I?ene

36D u’eneﬁeagmﬂnmqgndgmm Bénss Bavedsérsdeerived mamely tpB,
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 (ornitbine decarboxylase) which. confers resistance to the ornithine
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the selection and allows cells to stably integrate the
plasm d into their chronosones and grow to formfoci
which in turn can be cloned and expanded into cell

lines. For exanple, follow ng the introduction of
foreign DNA, engineered liver cells may be allowed to
gmayeob0e609766- 2 days in an enriched nedia, and pdE0sWE3R22220
switched to a selective nedia. A nunber of selection
systens may be used, including but not limted to the

JBRFRRGIaSd FRbRYr, zi(d:ﬂﬁomm&um-@mﬁmlahmmmbmmo@e L., 1987, In:

@H@?réfgg%gﬁ% Il Blety, o SRR GH pphzbeatory ¢d).

- 1,1962; Proc. NatL Acad Sci . USA 48:2026), and
[mnﬁpiﬂheﬁhﬂ&ﬁhﬂﬁﬂhqmwbumamsﬁ@r@mﬁNWQﬁﬁqﬁmﬁhaRﬂﬂthlgﬁ@ﬁs

!Q:%z»lﬂllf%éb utg es?ﬁi uglésﬁ‘éegg %ﬁpagctt Fgge(c ﬁﬁ ) ts?ch[f% ﬁo%%ﬁﬁbg%ts and

BLISY ahify bd tembsiaal; as describted hintveaxiatthe fafityh Gom veionathe cells are

onpialy gy ppile « R oot i, ToeRT Ao

tobplant iR tBE Hvdr et 418 @naly Qot Htyesapile najuire gaﬁltﬂnsfer prior to

(Mil'l'igan & Berg, 1981, Proc daﬁ;\cad SCi
trppplagasion.n ey, e el QLR fgne o Posieses a
5‘1% byfeQab I :_fa@gi' YAt fnﬁy %‘ﬁs’éﬂ diect§ibyatanspldi@iibn into a

Bi ol . ; and whi ch confers
: IrHésmtcaﬁU@emphﬂgagpmfefﬁhe (:sw?aeteﬂéve syl grestmalply muiinly and give
R o bR kBl S RO RHSEHottin, |
: aE(/)e %een escr | glgg‘%%lr’%&%crpB \}\llhlch: p’i‘ﬁ)ws cells £
faceorMIl | ze i-ndol e in place of tryptophan; hisD, which
allows cells to utilize histinol in place of

[6og | 8l RRlitoHRS LR hE M cEllOTThe pkOB8; infintion foNabirectiAg ider gene
Sci. USA 85:8047);_ and ®Ct§lotn|th| ne deca box '?E&)ﬁ
. dofertarthess aelisgay begised ipaeRlonish (R ve pafen e Gpge ol hepatio

cﬁﬁ)gﬁé 009468 aﬁ’&gl W@Qﬁéﬁ?@%ﬁ ecrOESRATRONEE @ﬁﬁﬁc infectious diseases.

hibitor, 2-(difluororethyl)-DL-onithine,
F@mmle@ yuiafected homgy stewproseesfrrrcé%% m@b%‘th%“&%‘t ﬁ% an paily stage

h%gggy@ ﬁ[dcﬂs&g% rec%l e;{ee ohRIIRRrank AR RN thatid . ) -

Iver cells of he present invention that

mpmmwgp stitichl sepieativh-celafed sgstieclamenthatalippaigisygrus. The cells
f
n&aa?#ﬁé;s %ﬁ@ée&ﬁn | % é %g &e@frg%féad BY thte W‘i@ﬁore normal

liverdsqtioant ed, as descri bed above, into the patients
fromwhomthe cells are originally derived or into a

AHLA 4 ADEbialrCFppHids TG ed al | ogenei ¢

transp antatlon the liver reserve ceIIs may not

ene transfer ’

el 3 oker Ehiained R B gr e iy Pl ebfpaton oot fr
iRBERATERW drags @dde iR dnphievionaan asdteatingfpusess. dibellivgene

enc:0|n clottlngfactor VI e used ctly..by

AR ok SR Hareeds BRI BSOS e U

ﬂéﬁ}ﬂaﬁﬁﬁg geEQ %xﬂrés%ﬁ%@a@éﬁl@ﬂ vﬁﬁ’éﬂs Staghd of tY wnﬂagy provides genomic

mul ti ply gl ve
information for drug iscovery. For example, this information can be used to identify new
targets for drug discovery programs or to identify proteins performing biological functions

that may have applications in therapy.

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

progeny could be used to assess changes in gene expression patterns caused by drugs being
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- rise to mature PC performng normal |iver functions,

i ncl udi ng the production of clotting factor VIII.

[0097] In addition to using the liver cells of the
present invention for correcting |iver gene defects,
these cells may be used to replenish the liver
pepeoeyees i Nt he case of hepatic cirrhosi s pcagismmsaeri22o
above, or they maybe engi neered against liver specific

i nfecti ous di seases. 'For exanple, uninfected hepatic

csﬁs@i&wiﬁﬂ@a%hpme&e Théchamyes lﬁgg@b b?irélﬁi&nﬁ)ﬁm &quﬁ:elnﬁal drugs
st e epajitl pati e n sed as_.Jeclplents.for
o Bs ol Wgh B couen by repliaay o A0E B P DY Bpyd alowe
ph8nfabédiicAXbmpaRI th Q@éein%m?@hﬂﬁ & e elttonehelifRn baliafin the
S

hepatitis virus. The ce

may then be transp) ant ed
dpyplepmaentpI9gss. SRYIRS ge aylinensy. B¢ Bdidngiseol @V?riCFJé% %%‘d.

' ‘p%o%éﬁsé%ﬁﬁor}ﬁz[tﬁ% loeltd, SR albGLLPR - test dRgs fENERGGFR MRver and to

RCH APPLI CATI ONS %ggagg The liver cell technol ogy
stofly how ther dsupismetabolized; , PhnRceRliGabepmppnies s diffighlty

' o%%@lﬁ%%é@n@i&e&%ﬁ#ﬁgﬁie?@éﬁs I} tﬁﬁ%&éﬂﬁg.‘j ENEMOBOBRINE th \Shesent

_ process. Iver stemprogénitor cells can
iventiecimswer thisoeedand differentiate into mature 1iver
cells. Determning gene expression patterns at

AVRr | posEI ARERSr PEvidye | iver |ineage provides genom c
i nformati on for drug discovery. For exanple, this

' [ b d ' i f . f Lt gt s
g
ekt elopheag obi hiver gisist Hevice(CLADY)s LAT atredesigied deprovide treatment

kLSt Lons,d 8, LS an, 1 009 A% ulonl . Lt LiBaflEke i

30 B&Ys) to AMoRGAMLi@OtHNE f1Q patie’sbondFens secoharfpas falnege teprovide
expressi on patterns caused by drugs being 29 WO
2Ppudey YAURSAPCT/ US20031022220 consi dered for
devel opment. The changes in gene expression pattern
[6100 Poteptiabdlinihaliyssefid AT Hyeteoripar atlizel pig hepaioeytes or poorly
used by. dr ugs.kno tqQ aff J : j
R g AL B B Eldort WSl e o s
Thee devieésrhaeé oo posmistydut llailize aellsivéih limitations that our cells should

oSS EETSy BG5S 0Bt TROBY Tt o

‘reaeidns to Scotéidd pig HrotRe, tiaRel lifetime atid whntiymnah virugesx Thé fiyer tumor

to the |liyver and to stu how t rug is s
ool e 151y beiEronsdy P e ,Oﬂg’?%aﬁalﬁ% afp Bl b aprmed lipgg elis and
b iseidtyl dbncepdt FuhbtRMing MRS liséraRlls St Bbior @fgahk ks not been an
cells for toxicity testing. The_nethods o{ivt he presen

aliommedive idap toghe searcity 9f dongs Eyprs. LAD using human liver progenitor ceﬁs ofthe

presént invention will overcome many of the problems experienced to date. Proteins secreted

by these cells will be of human origin so immune reactions should be minimized. The

prcgenitbr cells can divide extensively in culbire so that cells from one donor ]iver 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
Tnternational Patent Publication Serial Number PCT US00/15524.

4.7. VACCINE MANUFACTURE OF THE PRESENT INVENTION
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4.6. LIVER ASSI ST DEVICE | [0100] The liver
stem progenitor cell technology of the present

i nvention has application in the devel opnment of a

liver assist device ("LAD'). LAD s are designed to
provide treatnment for patients with acute liver
fyepheba@oddss provi ding liver function for a shepkuRawsed220
of time (7 to 30 days) to allow sufficient tinme for a
patient's own liver to recover fromfailure or to

[((rogyi dBe livd CHIRGE tHeQrdsérd MSRhted can higd Bd Itiled S Mepraduction of
clinically useful LADs by others have utilized
VRRSHEE o LGB ABl, TSR GP-ded RO 6 R - e NI ot o

- SeRhdeved: 265287, N 9B Rak HEHRES td 1AfeBt HnfE LIV deﬂ§ Yyh@fein the virus has
bi or eactor _types. These devi ces have shown prom se,

b fugther mpdifigd seharbon ssneriepepding Ane 8T MereSPecifin protgin antigens. The

sﬁ%ﬁﬂ:‘ Iﬂote ‘éﬁﬁ%eﬁﬂgrg chid¥en Pép@ﬁlﬁ?@ﬁ e %@%f@hﬂe%ﬁﬁﬁéé désired.

tal'ne vere IIrmtatlons
Besigallyl. bres cells of herpensent piegtiqy ase wifested withrthe wdorhbipentivires. The

300\l A B & 360 a1 Aok RE wh 1B il g s ot

Itflsmqiectedlﬂmuhe nmmml reipnmr(&ttﬁébﬂ;somﬂ baaed)ns ﬂn@t@hﬁm an

R AR, SRS b SR kG b B T e ot
agdiie thetinfe@iousigeat. Theveuder is torado Bgstbnman (dek\JeGen. Virol. 83 (Pt.

B P R bl gfciion gl Byl SR ot s coding for

LépaRteCRsn-SeEhekigotei o éﬁlﬁt&ﬁzeﬂﬁhﬁ iSonitink resBensef  human

origin so imune reactions should be mnimzed. The
sphrogg ﬁ’?ﬁﬁﬁ&el | s can divide extensively in culture so
’that ce rom one donor liver may be able to supply
‘ y LADs. Most ortantly, these cells should
Sdi sp?%?cﬁﬁ%swggnge of liver functi ons necessary

| | | ut
(11, Sl Broeasingiog todivee Seitirngd By SSEBROp poah beled fa class
16166(C#0bRE fbiloWing! & hhﬁﬁ@'an&’ﬁi&?ﬂ pliuRigadood maSefattating
Number PCT US(O0/ % 5524 " VACCI NE. MANUFACTURE OF TH
propessENT qQuipRrTREthatgnipgh theliver esenshased:ss Tl 05316 led and

?%%]to&ﬂ%teﬁh&ﬁfon%?hﬁ@d%né he present invention can

o be utilized for the production of vaccines. For

5.8xanpireIAl PROCESSING - deficient virus (e.g., a
lentivirus - see, Naldini et al. Science 272:263-267,

| [01896) TEAVPR reteRAd kbriddéGh VIASPANDY ey, cel |'s, wherein
- the virus has been further nodified to har bor %q_nes

htgnyEwHPviRsBRRecost Viatnen/pdPelEpieibaggsdn e paplaonivgis: T piological
sa?&f Géﬁcn#e@ (]%(r%nﬁb hva1k wWaphed, dhfite dﬁ@é%bea?ﬁﬁ@ RdicRgn&fled. € sample

€ response deS|re Basi cal Y, liver
ofotbeb WASHANWas pkers ﬁmstenhkyetcﬂhngn(\&ﬂéPAhF‘é ctusefahist ah}wn@ermw
: soliftl% or t{]usﬂmg Vhd §t3 Orage OF organs.) The liver is moved into a sterile bin and soaked
in an antibiotic wash (0.1 mg/mL Gentamicin and 5 mg/m1. Cefazolin) for 5 minutes, The

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

J0106] The liver is lified and rinsed twice with a total volume of 2 L of sterile normal saline

over abin, The liveris then transferred to another sterile bin. The vena cava is clamped

using two sterile, disposable, plastic umbilical cord clamps and the portal vein and/ox hepatic -

artery are cannu;lated with pre-sterilized cannulae made of plastic reducer/connector of
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infected cells then express a protein antigen agai nst
whi ch an i mune response is nounted. It is expected

that the i mmune response (antibody or cell based) is
directed agai nst an infectious agent, such as

hepatitis C. Subjects exposed to the infected cells
e20hearepr ot ect ed agai nst the infectious apenusz2edinezzo
reader is referred to Brister et al. (see, J. Gen.
Viral. 83 (Pt. 2):369-381, 2002) for a description of

virlds HSR. Af sukACAGHRY (R theadillink leddetaddbey istiken dadiingogior

hepatitis C non-structural protein to eI|C|t a

okservpiigma rThe divens transoest &pa periysiopinkppdryriised witiRpseprs: 37 °C)
x W Jé%xol%]mﬁn!es &' 9% b Qﬁvﬁfmﬁﬂﬁal %hﬂ&hﬂg&)f the liver (typically

In a ass ood, located in a

120; E0onk/ogn). Atdhe wdiof gle@s@mqncpme@ Hiei lqli@smalﬂmnfrdﬁo waste through

ES%I ttp dﬁﬁb‘m processes. All
oneﬁ%ﬁﬁk econ ct the %lver ‘are purchased as

ter and subjected to gas
53! eTPRISURION ANDIFRIRITRIN j g
gt er]%'ﬂfl zation or autoclaving. 5.2. INTTI AL PROCESSI NG

[d(l Qﬂio Si‘hem@r is 'tl}{eﬁrdlée&e& S8 pedusatdl L]BEM@W @ﬂz enzyme

/Wi vi aspan. com vi aspan/pdf), triple
pﬂep@gfmi cmawngmllgenma andbelasitase). for 30 mitkeslab2f ‘Kél37 *Catidihe end

of el EMPAR A cont Bipa 08T O St i &t e

cdl&ke@ﬂnfcsﬁtajﬁin%rdohedwn bEsdritd\dop E’ésﬁ&?%ﬁleh@mes aﬂmﬁr tiRdas

pot herm ¢ 'solutjon for flus i.ng arid stora

 pebgandby buffe 9 droerd 5 B Vare SRR, 284 B P eaRed with hew

: ainin® caflechbh bRl The MRS Baphile Is BBAIRE ud ié?e%le |slﬁmless steel
and 5 ng/ L Cefazolin) for 5 mnutes. The

surgieed acainebmnd the tissye isonasergedi(fer oy moFs @alp?fb@wﬁﬁ%wtfacﬂﬁate the

dﬁﬁéﬁgﬁﬁ fg s. Db S %ﬁ? &ﬁﬁl%étﬁ?é‘s?eqﬁsm{e(&%ﬂg} tolHh%e bbe&igﬁsEomated ,

and rins twce w a total vol ume of

intyfthe bufifer, the reswifing c@%ﬁumsmlw eessgdibrougiriaere-filjery andg serigspf

ferre anot h I Qi j 4
DS 55 5 BTG S Al Py G o
hﬂdﬂilbcbd Ieglchitied dn ddea Mpe cradel cdﬂrmsgmmmis smaphd frdit process testing of

atic ar e,.cannul.ated w t ternilized -

mo&ge%a‘émﬁ?%egg?% et bRt el 1 o
2220 various sizes. A snall

#@Wﬁgﬂl% edge of a |obe) is taken for

[OtféS:I]tC Sféh?%ir’]lﬁte ac%@ %ﬁ%ﬁ gg? aseg@:ﬁl Vér a?arfre tb %%ﬁé&ﬁ% rPntRr of

: 6ummn, hlonmhagsuhﬂ eoncmrataﬁ:ynenmﬁ@mm at80P atge Thie &pmawuraiwbcell

l t h t
RS AR B 520 o gl P B Y cot EcentefOand an
oiﬂnrkﬁpm Sohelioni (P54 IbdixaNoHtagd ﬁdﬂgmﬁe WOBE 2991 cell washer. 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 L blood bags, at a volume preferably not exceeding 200 ml/bag. The
volume in the bag is then diluted to 500 mL with RPMI 1640. The bag is centrifuged at 800

x g for 10 minuies, 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 EITS to achieve a concentration of 6 x 107
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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 BERASET""

Cl (an enzynme preparation containing collagenase and

el astase) for 30 mnutes at 28 C 37 C. At the end of
dwgeemiomricd he LI ] BERASET"' - cont ai ni ng buf f er picaruszeosn22220
drai ned, and the liver is perfused with cold
serumcontai ning collection buffer to stop digestion

ctlis /e IEmzliple. COBE ams tfedniobat] dupters lage ammbdriog cdllsf the bands

ned nto e container, and the tank is
W@%Fegﬁo%% S\B\sglg‘%r um cont ai ni ng col | ecti on

ff qtgg apsule is serrated using a sterile
S*S%;Jal n %%rgl cal scal pel and the .tissue is

{
1qRer a%?%%%‘% e
fluergplestisdrydbe gt red spipequentiymired avifhae rquil sslome af ayobufiet GITS:
he. kesul cel enst on
OO sl o FA0 s Ak S RBRGRA g & REFARTm 10%
, 'DMfK) iﬁi)l(ﬁ»ﬁrh}mmmi Thedmgs at diondnasgat@Ggbmed mgsmnmbkb freezer,
nt,a a 4- liter.bl ood

& 555k Bt 8 sloBiol Zundi wivob it eS8 CADR G 2 by fosP Recring,

' sm;ﬂése@é R4 thoR0th freeaéi @fd shipbyd towesigRIpidesting facilities R release
cell count, yield per gramtissue and sterility. 5.4.

M TREAM PROCESSI NG [ 0108] The crude cell suspension

St a%%‘f%‘?ﬁ%@bﬁé%kﬁ%éif and concentrat ed by o et

8Q
mﬁs@‘pf' RN O —
d OPTI PREPTM

s @Wi&@%@%ﬁﬁ AR SHEE e ocpE 2991 cel
Wﬁ?ﬁut CtniE B LGS B lohaftl KPR iR B fguic
. nitrogen shipfleds dliatnaiddnd teniﬂ%fahtraaﬁﬁ' baloer -d2epCi Tht tryobags containing
g e ST Lo LM S, L 0 SR DL VT
prodisce %ﬁgve%@onﬂ'ﬁiegﬁﬂ?er%g qui‘éﬂg'ﬂ%eﬁ At 37'""‘13 RAdplhSedidiEice. The

| dlluted to 500 mi bag is
- ovsEREH i thrademevedomd, ysing a‘t@dalﬂoaamﬂhog@tal argedugs, the cell

—S“?%%Q‘%ﬁﬁ B dlthed B SRR R0 by L1 KM anonih, L
adidiniafration ltol the p@ﬁerﬁ O'Whn‘procad\nie preciuddsfthegedd ot walGhecel]s prior to

o s BN SR AL I OSSR eion
ﬂlmdn\be @bﬁeh ité the patiht a@nmwde%dmmﬂ&d frBalbfytiscDMSO

concentration_of 6 x 107 32 WD 2004/ Q09766
GePDAB 13%), Fowpolhermapol®| (#%m 0p)iapd RPMEsAthoyHRhenol red

(O%r'-etl‘%]"i}i@lééﬁﬂ-ﬂ}ﬂ@@.to a |l arge nunber of cells, the bands

5.8. ISOLATION 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. After calculations are made, 10
billion cells are removed. If the density is lower than 25 million cells per mL, the cells are
concentrated using either the Sorval RC3B centrifuge, Sorval centritech or the COBE 2991
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s

coll ected fromeach run wll be pooled. 5.5 FILL AND
STORAGE [0109] The cells are then nmanually filled (at

a fill-volume of 1.5 nL) into |abeled, 33-nL
fluoroplastic cryobags and subsequently m xed with an
equal vol une of cryobuffer (HTS: DMSO Human serum

&) 204809966t O achi eve a final concentration ofpcgmXoWiozz2ze
cells /nm, 10% DMSO and 10% human serum The bags are
frozen using a Cryonmed progranmabl e freezer, and the

cbll pAREs6E 1 Tnd pall® m%%ﬁéﬁde&m\a@@% SHREMIORA0 B{e&ﬁ%ﬁgé?t rpﬁ%m red.

| east 24 hours post freezing, npl es are pul

The &elf suspengion ispnsfrred o 609 @eblog‘ﬁa bage@dtae seyahgelume (250 mi) of

23%11&%& ??%tpgre%m %S@Pom ﬂ?&?nﬁ a S, de E S?lctE) S? t he
dmm@asmu/mgmpdfom@/mﬂmhﬂﬂumm 40 Wie bl red is

N ATy CLLNI d I
sueép Iﬁg&%ﬁﬁg etag? er ‘II?I‘I I r["‘[qf]ei niea

[@HQLt fa[?lﬁ éo)é%ﬂ%m le?iﬁcésk Li!é s%t B{S{:sﬁ%goegsi%ﬁ @o@c%%lﬁcg' s&hﬁe cell
sespyias gzaw &Idmsmg thetrh@hmeabﬂ thesaes pRursitndonghrut isefifled,n

ot Bich B ot b sy s P, e kbR el Frena

1640emedia Btla;&ged(?an tgp of the Qﬁ&ﬁnmgig d péﬁstalﬁbl puung ﬁmmmmm foSect as
nove us an a§ | C " oSl
bygP i By e et | S oA e S R W B Rpeei 100

' IIﬂWﬁlﬂl il a@vﬁfﬁﬁﬁ&n&ﬂfs%ﬂ aeﬂ"bahd‘mtcbﬁecfefd}iﬁ’ RedlcRfidrWag! The peliet is

m[u stration_to the patient, This Erocedure
€

tiaddf desaed derfutog analymise The tog|opld Pidiipplaged on ice and sampled

fdr‘@faBﬁitP&c?ﬁéidmIﬁ n_gﬂgé&§ 15I1Q§‘eafdd~°n!ﬁﬁpffﬂ tﬁ@{w&a&n%tea orcme

Steritity. di ment the 1 nvention

hepatogytontre P@G?ﬁéd p@@qeéﬁtth‘tWI‘ g eellegted amd)aooé@i tpgﬁﬂm; the

T At el S L

ep@%lgatwwt 3090ppadoml 0 yinaismge 2 Sored RCSE_NHI: @Nﬂtiﬁg PURGE NE
?(Igﬁ ting S%&)C%%I%L%olﬁgb %g%{siﬂgﬁgﬂg ég E:]drlh%l?}é:h“ab0\%l gts’l 8§ noeded,

arf: Dhb@hmd?agaﬁndéorm I "Eletﬂnplyarﬂ:mecdlll prepraratipslAa8§torEidn a controlled-

yolf viability, denSIty and vyi el d.
m%?%&garu(ﬁ&({loné are made, 10 "billion cells are
renoved: |f the denS|t¥ is lower than 25 mllion cells

[0hEY ke prpsentdayqusiomisaiot tediedisvitaddn exgpeby g cxsmeiified embodiments,
wl?%% ?]l_l‘% ln::l)}:gig%& a€ ftrhloHO 61 inFQH AR asp &M dridlSiPenflbn. Ete £ VRFons

maodifications of the invention in addition to those shown and described herein will become

“apparent to those skilled in the art from the foregoing description and accompanying
drawings. Such modifications are intended to fall within the scope of the appended claims.
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WD 20041009766 PCTI US2003/ 022220 cel |l 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% 1 odi xanol (Opti-prep'M see,

hwiopod4/onawas ny conmed- PCTAIS2003/022220

di agnosti cs. coni gradned/ opti prep/optil.htm) diluted

in RPM 1640 w o phenol red is added. The two

Dyof Hredwes Mamatacinee FldvwoGRater t horoughly and kept col d

[0114] The COBB 2991 cell processor is set up using a

InProgess Tusbcessing set The cell suspension is gr avj €gmments

fed using the red line of the set. Once the doughnut

Ll»%ric'cé lafid writereENt 11 T UGRT RGBT un at ZQQQorr lSEH:eflng' & Sserology
Xs centrifugatio Qﬁ |n4%300 nmL of

‘hedra*ﬂ%“#ayered on t hdi ent  uSi

%J grovx ed by OPO.

"péristaltic punp at 20 ni/min to act as Genfrmapryfiging by contract

the m'xing band. After 15 min the top buffer is

"decanted"” at a speed of 1 mummin into a waste bag

and the top cell band is collected in a collection
Peklet is also collected, if desired, for

S?@%ure gna Sis. The_to {s placed on ice
sl SEHOTEES for vi g F”Isje’tt‘? %ﬁﬁs&ﬁﬁ"ﬁ’j. The process is
repeated until @-4—the_un acilona pd por ci ne

hepat ocyt es are processed. ce all the bands are
col |l ected and pool ed together, the conbined collected
cell bands are then washed by diluting in collection
buffer and centrifugationjjat 3000 rpmfor 10 min
using a Sorval RC3B. The rékulting pellet is
resuspended in cryo- preservation buffer at a density
of 30 mllion/nm.. Alj o 0 needed, are placed in
"bags and/or vials. 'FW%%W”E@WE@ e cel | preparations
are stored in a controtted- S eezer over liquid
ni trogen. [0115] - The present |nvent|on IS not to be
limted in scope by the ex lified enbodi nents,

whi ch are intended as illus rations of i ndividua
aspects of the inventign arious
nodi fi cations of the i?ﬁﬁﬁ?u#ﬁ?ﬁ%? ddition to those
shown and descri bed herein will beconme apparent to
those skilled in the art frppmthe foregoing
description and acconpanying draw ngs. Such

nodi fications are intended to fall within the scope of
the appended cl ai ns. | 34N WiOAMI09766

PCTI US20031022220 D ugceh&g%g&wwhrufacty{q!g%B%hChart
~ In-Process Test Conmepts—t+ver—Aceeptance criteria
"Receive Liver in Donor Screening & Serol eghin

4

Digestion with 20.200 MLt
min
Liberase buffer !
28 -37°C
30 min

l Turn off heat
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~mm nno. uai aao Vi aspan(40C) Testing provided by OPO
Confirmatory testing by contract Sanple Viaspan for
steriliiy tr_cfina nRncteal Transfer to a class 100
hood, weigh Liver 1 Antibiotic wash, R nse 4

Cannul ate and biopsy Perfuse with warm chel ati on

b 260 mMdmn 15 mn Digestion wth- _
o s O 50 200 i n pa s 5o 30 miEC TSz
of f heat 35 WD 2004/ 009766 PCT/US20031022220 Perfuse
with cold, serum coptaiftas < tgttecttion buffer 5 mn
Mechani cal serratiop ll%nm%g#d&m’sseer um|cont ai ni ng

col I ection buffer 20ctpmeplipdiontuifsilng prefilter and
presterilize tackable stainless steel sigyes : 1000,
00, 250, and 150 pm Crude Cell Suspension:  Viability,
Crude Cell Total cell court Suspension in

| Mechanical serration in cold, |
serum-containing callection buffer

<20 min
Filter using prefilter and presterilized
stackable stainless steel sieves : 1000,
{500,250, and 150 pm
Crude-Ce]l'Susgension: 47
*  Viability, o Crude Ceil
»  Total cell count Suspension in
Blood bag

e Cell concentration 4°C
e . Yield /g tissue _

s Sterility (Bactec)

36




Bl ood ba Cell concentration 4C Yield /g tissue \
Sterility (Bactec) 36 WO 2004/ 009766 PCTI US2003/ 022220
Drug Product Manufacture Flow Chart (Continued)

I n- Process Test Comments Concentration in RC 3B 800g
centrifuge 5C 4 Collect pellet and resuspend in RPM
AvoBiao6died or viable cells by mxing W th 25%crmsag03/022220
| odi xanol Layer 100 nL RPM (1:1), and centrifuglng
in a Centrifuge @2000 rpm 15 mn Pooled M xi ng Band
DiugRriodect MaikfactansFiow Chakt ((@nfiahddict the band at the
top and pool Post washing Pellet WAash the Band tw ce
with. RPM 1640 (w o phenol red) RC- 3B centrifuge, 800g

for Viability and collect pellet ii Inmm n n, [OmMn
In-Byecessfesind in / the volume of HIS required to Comments
achi eve a nom nal cell Viability concentration of 6

x 10" cells/n,

Concenfration in RC-3B 800g
centrifuge

\

Collect pellet and
resuspend in RPMI

5°C

v

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

(1:1), and centrifuging ma | Ceprifuge @ 2000 rpm

15 min
Pooled Mixing Band ' ¢
+  Viabifity
s Cell count & cana e Collect the band at the tbp and pool
Post washing Pellet . Washthe Band twice with
’ . RPMI 1640 (WIO phBIlCll red) RC-3B centri e. 800¢ for
e Viability and collect pellet iuge, 800z
Iy punmm, OV i 10 min
‘ B e

v

Re-suspend in 1% the volume of HTS
. required to achieve a nominal cell
Viability e conceniration of 6 x 107 cells/mL
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37 WD 2004/ 009766 PCTI US2003/ 022220 Cell count &
cone. Add remaining volunme of HTS Viability required
to achieve nom nal cell concentration (6 x 107
cells/m) Cell count & conc. Fill cryobags with 1.5
m. of cell suspension Select a sanple for: Add 1.5 nL
owocpsamiebé er (concentrated) Viability Cel | PEBMS200E022220
core. Freeze using a progranmable frF (Cryoned) ore
in Vapor phase liquid nitrogen freezer Is anple for

of ebtizamt & emt.i Ng after 24 h "4, Sterility- 3 bags
from begi nning, mddle and end of filling Endotoxins:
1 bag at random Characterizationd; 1 bag at random 38
1 WHAT IS CLAIMED | S: 1 A process for obtaining a

popul ation of cells enritiied in v aol - nliver
cells, including hepati i'i cel | s,
cOH@?W%ing (a) dlgestlaﬁwﬁra mﬁg;i ver or
reg&ptl YO the*eof—mrf+'a nrnfpnlvth enzyie

prepara Fon to provi de a dlgested whol e human |iver or
resection thereof; (b) dissociating the digested whole
human |iver or resection thereof to provi de a
suspensi on of cells; () adjustﬂpg the density of the
medi umin which the ceIIs are suspended mhereby at

| east two bands of g enat

barrier are:obtaine

/"'"'“'x_

Select a sample for:

«4———| Add 1.5 ml of cryobuffer (concentrated)

+ Viability

e Cell count & con. ' _ : :
. \b Freeza using a programmable fre
(Cryomed)

Store in Vapor phase Hquid nitrogen freezer,
[Sample for release testing after 24 h

\
. [Sterility: - . 3 bags from beginning, middle and end of filling
{ ' | . Endotoxins: 1 bag atrandom -
. Characterization: 1 bag atrandom
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| east one band of the at | east two bands being of a
| ower density than another band of the at |east two
bands; and (d) collecting the at | east one band of

| ower density to obtain a popul ation of cells

enry I human |iver cells, including
hepa c S eﬁ#%?@g%nltor cells. 2. The process of clalm

lin |ch ghe e% % aﬁlong%&?gu Km_ %%Cheﬂgﬁgl¥é eImnmnhWﬁ

human I|ver e

hegply, ocintlmg hei@itic afhe/pmgaﬁas&lle,fcomﬁsmg. 1 in which the

popul ation of cells enriched in viable human |iver

cel | s f)t heligestinglawdek Hurmac livamates@iibh degoleitl 6 proolytic enzyme

The process_of ch,.the popul ati on. of

c TR RE rdtaaf » B dus e e Stofbestdl {her

i ncl udeg, f unct i onal no |c cel 5. The process .

of cl ai ?lss%atué%me %1&8&? ‘jv ?I%E‘F‘[{ﬁljlelg’er ((réyse%@ﬁt%egeaﬁ éo provide a
theqnﬁﬁbmbﬂ@dﬂﬁn liver or resection thereof with a
chelation buffer; (I) digesting the whole human I|iver

o r r es é@t i oadjushq thoflenaitg & thenm&ﬁmy irewhiph tp aglRtateOispended whereby

i n enase st. one .ot.her . .
o b et Y gt GHE PR T BBt e it oy peitgrion,a
. dilgssinedahd sfahe atGeastive lbpl:ijdacbemg oFi lotlentidhsity thin Mﬁbitlféhbirﬂ%f the at
e reparation includes at |east one neutra
oLy gind ‘M5 in wh

The process of claim5 in which the

enzyne repa atJo | udes el ast ase The
o e C e B e SRR S Bt oo B Pyrgiiion of coll
. LlenERASITAMbS: hu]ifaﬁ lipgreel&siicloding hépatR dtenh/Propéiiiehcetai d ‘

di ssoci ati on i ncludes nechanical dissociation. 10.

The prgcess of claim9 .in which said dissociation

i ncl udés mebivamPeEs of drigishiy whik therRprplatien efgcells gjcheq in viable

C BiFRhAGver BdlLs Girthe QAR FudciMBI hephbeytddle process of
claim1 in which step (c) |ncludes at | east one of

(h) fibterimg gr&esscal dlaiUB RERRILP thel RpLIBHRVE QBOEARLENE viable
cell aggregates; H%icollectln the resulting

f fppan Taver eedls furdigripelndss Sinctiopahbifigy sellshag: (| )

optionally determ ning a concentration of cells in the
filtertd celle mespersiaim, 1 in wickdierspilaion effcclairichel in viable
t REmSORCEEIIS AlriheNin@hdes BlrlcBordaPhdidplicfiSeds st arting cel |

5. The process of claim 1 in which step (a) includes:

(e) perfusing the whole human liver or resection thercof with a chelation buffer;

® digesting the whole human liver or resection thereof with an enzyme
preparation comprising collagenase and at least one other proteolytic enzyme at

approximately 37°C to provide a digested liver.

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

neutral protease.

39




suspension; (1) mxing an aliquot of the starting cel
suspension with an equal volune of 25% i odixano
solution in a culture mediumto provide a m xture; and
(m subjecting at |east a portion of the mxture
overlaid with a predetermned volunme of the culture
mediumto centrifugation to obtain at |east one band
enriched for viable human liver cells. 12. The

procesd- of Ehiirpseps ¢iglajih S dhwhick e eolymiemedpadten intludesglstase.
one of: (n) collecting the at_ | east one band into a
cont ai Rer oMcirEeess(af vlaga fdp whish ey spicald pricpajatign gomprises
cangerikgty on of cells; (p) washing the cells by
centrifugation and resuspension in a cryopreservation
buf fer ot 0 Olticgirvess dfi ddh ICRI Whisll s4E BSdoeRtior Aludes mechanical
s%ﬁ%ecting the final cell suspension to controlled

r atB°7¥¥8zi ng to provide a frozen cell suspension;

and (r),storing the frozen cell suspension i liquid

e ooA”t r i or RS o e, S BEGRRR st htfpteat

s alisdogagioh &y tuttng, blifrgsronbogporigeeisg Reller1 640 nedi um

with 10% human or bovi ne serum 14. The process of

cl ai m 11 i Ahafpiccess obé¢laimf | ihtrduichistgp §0) éphidacdt idegsnpas si ng
said cell suspension through a filter cartridge. 40

15. Thé)pr flerdns th cellsegppnsion  renveve debris andicedlagregates;

medi um conprises RPM 1640 nedjium | acki ng_phenol red.

16. Thé) pr sellssinedhe epulting filtpradcelpispension jinga first bag;
centri&ugation |s,carried out for ahout 15 mn_at .
appr ox$hat apipnaltdefergninga congeatryiiogofedls it the filiprad eell spypension;
whi ch id contai.per. includes a collection bag. 18.

The pr B o5 alting ihesiegs tagopgepEpiopbes WPE@%‘? VRl
buispasiogonpri ses a m xture including Nat, K CaZ+,

Myz+, Cr, H2PO4, HCO3 HEPES, | actobi onate, sucrose,
manni t @), ghiviogse alighexdfitarstabtthe calll anpskine with it t@ihiobmes of 25%

O[od%h&?t#n%‘?% JReLe9d 4in 1%&{;@(3 rocess f claim 18

<
in e Cryopreserva er fturther

conprisgs s : ' | i The. .
compr i G5 SShUEhAN I EHIMGE Ut (R dfire 81y \GiaPk B8 Rmined
dyohEnhof 8| pdfirdaedium to centrifugation to obtain at least one band enriched for

‘viable human liver cells.
12.  The process of claim 1 in which step (d) includes at least one of:
(n}  collecting the at least one band into a container on ice;
(0} determining viability and concentration of cells;

{3} washing the cells by centrifugation and resuspension in a cryopreservation

buffer to obtain a final cell suspension;

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

frozen cell suspension; and
(r)  storing the frozen cell suspension in a liquid nitrogen freezer.

13.  The process of claim 5 in which said collection buffer comprises RPMI 1640

medium with 10% human or bovine serum.

14, The process of claim 11 in which said filtering step includes passing said cell
suspension through a filter cartridge.
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are present in a ratio of approximtely 80:10: 10
vivliv. 21. The process of claim19 in which the serum
conpri ses human serum, bovine serum or a

conbi nation thereof. 22. The process of claim1l in
whi ch the density of the mediumis adjusted by the

use of {an aﬁ%gg L.t L on. ! 'fﬂﬁﬂfﬁl o

23. Th(leﬁpr oce sb%?ssoglc}aé%ﬁm?g?qitmn&h\?\ﬁ c tﬁeﬂéiaddlggﬁéﬂses RPMI 1640
somadipdacking perdbheahol or i ohexol conprises sterile

60% (w' v) iodixanol in water, and equival ent density

of i oh¥xol The medesy of oipim 13 i ehivhsaitlicorriftbdion df cded ofih éor about
pr . Al i p_which the density of the medi um
is?gg)?ﬁ%tg%é&%g&@ﬁémgée of an aqueous solution of a

hydr opfy | i r . . ‘ .

Y 0Dl ¢ CRAIKIR Ok 1SRG 5 ot IARES Poslion e
hydr opfy |1 Gy H)?Ac%ged'f QlimSHC OB AP %elfv!it?ogll Buffer comprises a
ficoll plus diratrizoate wth calcium , Or a

coirbirn anchudingt Wl &0f Ca*26Vg" Thel, s 1G5 BIEBES lctobionate, sucrose,
V\ﬁh&?tof, Eﬁcc%g rﬁeﬁ?’%x%og?&%sﬂel @gta onl 1 %¥ éo?nbg\{?iﬁ!)rﬂqﬁe‘f‘eoi

hepat i ¢~progeni em cel avi'ng a dianeter in the

range fet 7 ' . -1
for "exr coaron SRRt i PR BER . UgbitbeRhon Rtk e
peageises stwm apt timetiytsglfemideenr i ched popul ati on of vi abl e
human liver cells, which population of cells
conpr iXes flonptoconal chiopa? acyhel tenuithenatiun and dimethylsulfoxide
%gpiepeﬁpﬁ%rﬁtfooorf aﬁp%&ii%atel %8118'1b %}vﬂvg 41 (a) providing a

ot e human l1ver or resection theéreof from neonatal,
pedi atyyi C, i ' adiy &, r alo] g ) .
Per t using’ TRLBYES: BFsRCH bl SESAUEcolBRR! pptehlsgpm. bovine
wictum, ar & trphtadatiomtheebf er;  (c) digesting the whol e
human |iver or resection thereof with an enzyne
preparZdt i oifh¢ propaspui demal medhiclsihs dendy ofithe fraflium is adjusted by the
OLPSE:I()PQnaa{ | ous Ct?o%rgfco%%xlaXol%lrl% ngll.atl ng the whol e I yer
or reSect T oh t hereot® s pr oV de a cel suspensi on;
(e) opkiongl re i.ng,,debris and cell r tes: .
(F) i3 ng hrEoest TSR ag Mhich (R R e R S8Rt g fonero
| cochipxige eleriB@0UL (wov);iodiXapdl i8 wajee cihd Bgpitdivat desitd dfiistgxol in water, or

m xture.ov rla}jd with a predeterm ned vol une of
a combination thereol.

24.  The process of claim 1 in which the density of the medium is adjusted by the

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

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

combination thereof.

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

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

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

comprising:
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culture nediumto centrifugation to obtain at |east

two bands of cells separated by a density barrier, at

| east one band being of a | ower density than another

band; and (h) collecting the at | east one band of

| ower density. 28. The process of claim27 in which

the enriched population of cells is enriched in

hepatic progenitor/stemcells having a dianeter in the

range between about 9 and about 13 mcrons and which

ar l@posiArpvidinggrwholphussa loyer of respiigptered frpgBneopetal, pediatric,
Jjuveyalerpduftgor cadawst dargriof obt ai ni ng an enriched popul ati on

of viable human liver cells, which population of

cel®y c dwpﬁ‘urn@g ehefwimie husnad lives prtcsesyivn sheaend Withsethictation buffer,

stenf progenitor cells, conprising: (a) providing a

whdice h ting (hewhte ruseradivien pr tepretien fherqobwilliag enzsimy
prepapasioptio provitersengllisispersiar;, resection thereof to provide

a suspension of liver cells; (c) mxing an aliquot of -

t he(dy us pwtishaly, micchanicelly disbdciating the whaolutricomesottion thereof to

X d) centrifuging the resulting m xture to

IHO%@EA &pﬁ?pﬁéékt two bands of cells separated by a

density barrier; and 42 (e) collecting cells fromthe

at (b)aasbp@mmllp,anniomihg idebvésr andenl aggregavespbt ai N a

population of cells enriched in vi abl e human |iver

Tl t A SR A S8 ROt Eieendt odpor

fron1neonatal, pediatric, juvenile, adult, or cadaver
d 0 r(@) Sﬁbjeélfh@ tl‘mtebﬂting)fmﬁhl&i dved&ld iwithvhyredetériined volume of

Ul I Pl P ERON A MBI S L0 GAds OB SaBatPISH b a density
 barrleh %z fQft-ond %andTmhg@fme@epéenghﬁtm 280thet vAREChqt he

sol ution of iodixanol conprises 25% (m/v) I odi xano

in water. 33. The nethod of claim 32 in which the
defB) t y cofecking thet {eagpme hapdioldpweipdasity.density is | ess
than 1.0792. 34. The nethod of claim 32 in which the

dengi t ' ' . . :
108 B3 P A LUBLA AR bt s et

hepagig |pmgemﬁor(;tem odisshaniof aidsan@per iPthepange between about 9 and about 13
microns and which are positive for expression of EP-CAM, CD133, or both.

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

comprising:

(a) providing a whole human liver or resection thereof;

(b) digesting the whole human liver or resection thereof to provide a suspension of
liver cells;

(c) mixing an aliquot of the suspension of liver cells with a solution of iodixanol;
(d) centrifuging the resulting mixture to obtain at least two bands of cells separated

by a density barrier; and

42




36. The nethod of claim29 in which the solution of
i odi xanol | acks phenol red. 37. The nethod of claim 29
further conprising overlaying the resulting m xture of
liver cells and solution of iodixanol wth a
predet erm ned vol une of nedi um | acki ng phenol red
prior to the centrifuging step. 38. The nethod of
claim?29 in which the centri-fuging is perfornmed on a
COBETM 2991 Cell Processor. 43
(e) collecting cells from the at least one band of lower density to obtain a

population of cells enriched in viable human liver cells, including hepatic

stem/progenitor cells.

30.  The method according to claim 29 in which the liver is from neonatal,

pediatric, juvenile, adult, or cadaver donor.

31.  The method of claim 29 in which the digesting is performed with an enzyme

preparation comprising collagenase, elastase or a combination thereof.

32.  The method of claim 29 in which the solution of iodixanol comprises 25%

(w/v) iodixanol in water.

33, The method of claim 32 in which the density of at least one band of lower

density is less than 1.0792.

34,  The m?thod of claim 32 in which the density of at least one band of lower
density is 1.0607.

35.  The method of claim 29 in which the solution of iodixanol is OptiPrep ™.
36. The method of claim 29 in which the solution of iodixanol lacks phenol red.

37.  The method of claim 29 further comprising overlaying the resulting mixture of
liver cells and solution of iodixanol with a predetermined volume of medium lacking phenol

red prior to the centrifuging step.

38.  The method of claim 29 in which the centrifuging is performed on a COBE™
2991 Cell Processor.
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