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CULTURE AND USE OF CELLS THAT SECRETE LI VER SECRETORY

FACTORS TECHNI CAL FI ELD The invention relates to the
waemososdaennd use of cells that secrete Factor RECT/IB2a08001324

other liver secretory factors for the treatnent of

di seases associated with a deficiency in one or nore

liver secreted factors and/or a deficiency in liver

functio

CULARE AN DS 0 Gatkh 87 SECRETm ISR S5 CREFORY
ot her liver secretory fﬁxﬁél{@r ext ended peri ods of
time and thus nmay have | nge of applications,
including, but not limted to, their use to augnent,
repl ace and/ or reconstitute a functionally deficient

liver by, for_exanple, inplantation. BACKGROUND OF THE
TE‘T—'W di seases, defi ci enci es and conditions

o OFBe ke S0 M B 8 feos? aladus bt S 08, PepdR PFactor
vmb-a{ncit bifleP ﬁvaﬁéé&etokg FERR foR TS trem%éﬁ cff%ﬁﬁ&%&s 880ciated with

ore or t he mpal r ment or | oss of

a deéfidedtyoin Unéstbtelﬁdte inamecmw\facwrs ard/orpaidefieidncyrin liver
| oss of organ or tissue function may result in the

fundtess of nultiple netabolic functions. For exan‘pl e, it
ha bee re dthat |nfulmn I .
§ fag Fiethods Qﬁa%?%eal hereith P Bisst Sl EgRIG 1 ffnaciy to
eI o SR s f i
and Ftﬁﬁﬁ ‘?ﬁa)V hhave (aBWI‘ild@ dge of applicdtionsd 1nﬁ&d1rrg@ Jbut At -1imdd to,
(19 In many di seases or conditions, the affected
thein ugam augmess ueplagce and/ontreeonstisiterd fupcrignally deficient diver by,
manner [esponsive to the physiological state, by, for
for eelmplg)g B8 ng to fluctuations in the levels of
speci f| c metabolites and/ or physiologically inportant
subst ances, thereby maintaini ng honeostasi s.
BAOKGROUND OBRTHE ENYENTEONat i on t herapy cannot
conpensate for the responswen ss of tBe nor

tissue
£ o Wines discrses, daiicismeidhict GARans gaah pe feqisd by subpiying to
the patient one or more biologically active factors produced and/or secreted by

living cells. In many cases, these factors can restore or compensate for the
impairment or loss of organ or tissue function.

However, the impairment or loss of organ or tissue function may result in
the loss of multiple metabolic functions. For example, it has been reported that in
ful,minant hepatic failure, liver tissue is rendered incapable of removing toxins,
excreting the products of cell metabolism, and secreting essential factors, such as
albumin and Factor VIII (Bontempo, ef al., Blood, 69, pp. 1721-1724 (1987)).

In many diseases or conditions, the affected organ or tissue is one which
normally functions in a manner responsive to the physiological state, by, for
example, responding to fluctuations in the levels of specific metabolites and/or
physiologically important substances, thereby maintaining homeostasis.
Traditional factor supplementation therapy cannot compensate for the

responsiveness of the normal tissue to these fluctuations and failure to provide

such attuned responsiveness to the physiological state may lead to complications
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such attuned responsi veness to the physiol ogical state

may | ead to conplicationsofthe di sease state.
wa\ewsngilnygl y, many i nvestigators have attenpt eBCT/IB2005/001324

reconstitute organ or tissue function by transplanting

whol e organs or organ tissue to provide secreted

products or effect netabolic functions. For exanple,

liver transplantation is the established therapy for

end-stage liver disease, as described by Starzl, et

ah,. N . F . J . Med 321:10144022 (1989). In anot her
Ofﬂ)@@ﬁ%ﬁSQ,S ngti ents with henophilia A have undergone
rtin e I UMy —-
. ' f i :
o et VPl S FORE pB rOesc

productsP kARt ehicbdlizefiations IFofiekashple) liver teqpplanttionis the
by the scarcity of organs avail able for

establistreglpfherdpt famendstage livepdisease, dmadessaibed rispStarely e al., N.

that _nore than 25,000 peqgple die eagch year in the, .
Enguni -+ Mt 32800071927 (188 s Ay by, SxpmblseoPpents with
final data for 98 Y/ t 2 ; :
hemghiie, o pive Hndptizbis, DFk, seobobBiuatof B o EulcPdE liver failure
resu'lt?h%%%e%ﬂti‘ﬁﬁ'd ued tiro@ R bRIvACd&aed Ao VITE pdhtthese

of The U S” O gan Procurenent and Transpl ant_ Networ k
instands) HheScihast bédre Reypmplete afurdr af sthe ahemRphilis. entiowever,
2003). In _general, the patjent nust u

transphanisEOup BICERY % llli'ﬂltf"_ilmﬁn_ﬁﬁtﬁmh&?‘il% W 8 gearcity of organs
oveffShicot TRISPLORI R 1 SEEAAP. L phl Boks 93PS ipattiokd wan

25,000-paspIe dié calbl yiehnms phaUhmitbdosgads of lives diseasdi(kuephy, SL.
I Mmunosuppressi ve or i mi unonodul at oraq)t her ap

Y
Deaglam efinil data fpril 998.t Math Mitalfitats, Bepr 2000:i 48imi®iSogreyt 1% of
def.en whi gh i.n se. suscapti bi.lit
thogs LH8d gt Lo0HPBRTOBRCI oSSBT Kk s o iy, (sl
repdie RFHRL Q}(SCUr§an PEORERSHE hhd Trivediit QetwaRtk andctheuiehtific
susceptibility to infection and oSteoporosis.
Regitrgof Fransplirg Regjpienish20@3)not al ways effective in
altering the cqurse and incidence,of rejection .
epiIgoqggf}e“F pi £19 | PatieRk P spf’ﬁﬂ?rgﬂus SHQSHppression o
imlﬁﬁi%hbg@?{ig%% S&dbPRY Reft Remaholdgidl I@jé_%ﬁoﬁ%fhﬂféetransplant,

remarn the patient's lifetime. It"is bot

- whichdessultabire lassl e pemsplant t functiont and averuide mecrasinof the

i nosuppressed or i nmunonodul ated state for a .
uansplantecf p%rgan or tssue. owever, immuniosuppressive or

immunomodulatory therapy generally impairs the patient’s overall immunological
defences, which may increase susceptibility to the risks of a variety of serious
complications, including nephrotoxicity, neurotoxicity, hypertension, increased
susceptibility to infection and osteoporoéis. Moreovet, this approach is not always
effective in altering the course and incidence of rejection episodes. Typically, the
transplant must remain functional for a long period of time, even for the
remainder of the patient's lifetime. It is both undesirable and expensive to
maintain a patient in an immunosuppressed or innnunoxﬁodulated state for a
substantial period of time.

Transplanted cells may provide greater potential for treating various
diseases as such cells can provide factors to replace or supplement natural factors
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substantial period of tinme. Transplanted cells nmay
provi de greater potential for treating various
waele@sasas2 as such cells can provide factors toPCEB2aC¥001324

or supplenment natural factorswhich, due to their

insufficiency or absence, cause disease. Cell

i npl antation therapy has an advantage over traditional

factor-suppl enentation therapy regi nens as the

transplanted cells can respond to fluctuations in the |
which 29k stootheid eaiufficieney alyoibsease,acaliser disegsei dlelbiimplantation

I nportant substances in the recipient. The rel ease of
therapfemapeuhi advasiage s oveoniraditionnhnfaptarriupplanettationy tgapy

proper:ﬁgeregul ated provi ded the trar%f‘fl anted cells ¢
reginienseas the tenspleated eellsgem espon tvitfictyations, b e levels o

d I ., Cel | I ' . .
specifly mevIRApecaoyer phySaloson TBpGHi pdhebP, Eihd Ripient.
. . . e . |
mhe PFRRPLE SRR rhe i 8 ntoBbucte By o peopecy
regulaf I pEAINE thectr@isplanted eeldshade dos necdssarydeceptors and ability

whilst cells which are to be inplanted may be foreign
to resporichie dnsloigenous ragudatorst hods have been devel oped to

revent the host I mrune .,system fr t '
ltohé‘:ﬁbm AURY ¢ ST ar S0 A r?gvgﬁ%%gn?’ggf ce {l‘i@i@ ngbc?]rgm
transhlynes@n BERICS in TR ARLbAicy b GIIGbIA ortiofliarion
is not THMB&] 8Y afeayfitablyvegans fohecadeiesici orlivenatganidonoss. of

hepat ocytes for irrﬁl antation to secrete Fact &r 1}/I I
anth eddition, wiilst sells athiely arease esmplgntgrdimay be fosgign to the

hepat ocytes are easily damaged . and difficult  t
host¢ yprigpe Metheds ﬁPanEe Igldﬁ’lvgi??g?% R Egﬁ‘éerétfﬁ%?}?&/a e system
| a8k r t Ginféd s€lds, suth as, fi
fron!l\/\/t)g{'}lli‘é ggaflgftglsléé% e"eeI e{snl%rg%l%éatﬂlcl)bﬁa{/tﬁgeﬁgpnet hod forS th(;:ls .

exarhlRy ﬁl@ﬁﬁg cellld ifr devitesibpapravides phydicet hasrier between the cells

non- hepat ocyt es whi ch are capabl e upon inplantation
and the ot spmmBAE SyVeMsecreting | i ver secretory factors,

wh by th St b i .
B e e

secrORF 4! VI andeotBerliv@ fpetkrbny faotard s diffictdcaohepatotytes are
and other |iver secretory factors fromcell s, other

h ,
easityh dﬂmﬁ%pd_t@dy d’éﬁchh dloysmlﬁﬁé ar dheir fopg termy culture and efficacy
once TRpBMSE L2 b i8reRic Y chiradffseliner €Of

It would therefore be desitable to have a method for the long term culture

-

of hepatocytes and other non-hepatocytes which are capable upon implantation
into a patient, of secreting liver secretory factors, whereby the method results in
robust cells which are suitable for long term implantation. It would also be
desirable to have a method for producing Factor VIII and other liver secretory
factors from cells other than hepatocytes and which are suitable for implantation
in a patient in need thereof.

It is an object of the invention to go some way towards achieving these

desiderata and/or to provide the public with useful choice.

STATEMENTS OF THE INVENTION
In a first aspect the present invention provides a method for the long term
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It is an object of the invention to go sone way
towar ds achieving these desiderata and/or to provide

wo b@spedabt ¢ with useful choice. STATEMENTS OF A¢#E1B2005/001324
INVENTION In a first aspect the present invention
provides a nethod for the long terncul ture of
hepat ocyte cel s conprising the steps: comuting
hepat ocyte tissue in cold DI\/EM and i ncubating for up

culture of hepatocyteatells@omprigieg the §eRti ng with |iberase at a

concentration of 0.2ng/m in the presence of
| | goromaiting; hepagayae tingpet inecald wﬂﬁ\d andpacabating fypto 24
and culturing in media conprising allogeneic serum
Pr}@ﬂlﬁab‘ff Wit he hepat ocyt es are neonatal hepat ocyt es.

S?SP%W&@H} ﬂﬁ%{'qsg cuI ure o? Hgﬁrk?feg?tlﬁ e gl?sthe

@{& G cell type capable of secreting one
or m)re I|v ecrétory factors, said nethod

b ita st @PBepRoyIe t:e]rllgamdn hepat ocyte tissue
M and |ncubat| nﬁ for up to 24 hours at 4C
tvmﬂmrmwdgt camprising ellageneig S%IIDII‘IE mg/m) for up to
10 mnutes in the presenc i gnocai ne; separ ating

Preferablyithedienstoaies ?‘i@ﬁlﬁo&?@&?‘f beﬂaé{)? S:and culturing in
m;lg]sg Sgggﬁ)c;] 8}5}{%&% %Q %'é'%ﬁefi?glmm Mﬁeéﬁvg%e:sg% &?Ig?nd for the
Ion% Fﬁprfrg Eﬁ&grcf,‘é r%? SitSeh&t9od o8 dhbred h@ﬁ%aﬁ@y’t& ekll ai%'pé aeddpable of

endot hel1al cells, | & duct epithelial
secréfhg dne b nforéUdter societdry ifactbrss salklsneﬂn@dactqmpnmag ghe steps:

epithelial cells, hepatic vessel elial cells
s corBBIingshoR-hapatoRis- tisre ia ik %%3 ranéelﬁngbatm" for up to

5 gnal la%/ Efe met hod further includes the step of
4 nAg 'he nonhepatocyte cells wth hepatocytes.

Pr ﬁx‘éé %g&m{ch iy rhﬂa%%@ogy %gﬂdgfforaaﬁ {BePAtaRites in the

are neona
presence of 11gnoca1ne,

separating the digested non-hepatooﬁe cells; and

culturing in media comprising allogeneic serum,
wherein said at least one non-hepatocyte cell type is selected from the group
consisting of gall bladder epithelial cells, gall bladder endothelial cells, bile duct
epithclial cells, bile duct endothelial cells, hepatic vessel epithelial cells, hepatic
vessel endothelial cells, sinusoid cells and non-parenchymal liver cells.

Optionally, the method further includes the step of co-culturing the non-
hepatocyte cells with hepatocytes.

Preferably, the non-hepatocyte cells, and hepatocyte cells when used, are
neonatal cells.

The one or more liver secretory factors may include albumin, blood
clotting factors such as factor VIII or factor IX, growth and/or differentiation
factors such as growth hormone and analogues thereof, insulin-like growth
factor and analogues thereof, hepatocyte growth factor and analogue thereof, or
fibroblast growth factor and analogues thereof; or hormones such as

corticosteroids.
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The one or nore liver secretory factors may include
al bumn, blood clotting factors such as factor VIII or
wo aws09416K, growt h and/or differentiati on factpPeBHIE0CIN01324

as grow h hornone and anal ogues thereof, insulin-Ilike
growth-factor and anal ogues thereof, hepatocyte growth
factor and anal ogue thereof, or fibrohlast growh
f dEhe rcoaculturitg, cufu eonthepaesiyv cfreuﬁowgh Q@ng’&ﬁ%ﬁs helps to
corticosteroids. The co-culturing of cells with

maidtsipahe pfitrstypelofsach celbtypeai n t he phenotype of each

:Cﬁf'a'gqcéré%fg' ipoti BEE smeRbatisr TRV BICURES of Wehed of
i) t f ' i . i
prodhRRLRAt BEyTareL YR ArRroRd HEpEG o} (D Tropatleastine non

L 3L j s Albblagdket epithelial
RS BBl o L ket e
celldi bAll duRiddendgideghélidl celld,sbilaeduct cept&@hél asblist Hailg uct

¢eFl's, hepatic vessel endotheljal cells, sinusojd..
endothblial e, hepatizavesschopiticlial vells, hepatc Veate) cgprislial cells,

.. conprising the steps of: isolating j e 2
sinunad pelaeodyRen perdnchymal 86T (ngath et (e te
no?_-hepat oeyte cell type in nedia supplenmented with
stePSOf'ogenei c serumfor a time sufficient to all ow
se i L 6k SREn@-heBdtecyte\cell tgperetory factors
[ n{ggﬁnﬁgrkﬁggﬁg;ﬁhharvesti ngpiai%t medi zipeand opy,i onal l%ﬁ
i sehiairingsaid aleistwineqonahepatocse ceBdype dr ez suprle ented
Optionally, the at |east _ope non-hepatocyte cel.l, typ
witlmaljogametoserum fored tivae Fiffigisat B%ﬁlewc%cr@mb?ﬁ?f’éﬁ é’&%fef mmore
said at |.east .one non-&epat ocyte cell type and/or

live sgpaetory fartpes MUQ MG WEYR om neonat al tissue, According
top eﬁ%@%ﬁfﬂﬁg&ﬁt afd the invention there is provided"
an I nplant abl e [

conposition conprising at |east one
nogphsRatpisldtingedt puryfying sqidhiver spaatarpaciatiat i on
into a recipient of secretigg one or TEFe liver ltured
se@psiamallys ghe et deast oFF ILISRARGYS RELLFYIFLMRY P gP-cu

t abol i ¢ and/ hvsi ol ogi ¢ f C t e
wi hepa.tocytecx-‘ﬁfls.or physi ol ogi ¢ functions to sai

Preferably said at least one non-hepatocyte cell type and/or hepatocyte is
isolated from neonatal tissue,

According to a further aspect of the invention there is provided an
implantable composition comprising at least one non-hepatocyte cell type capable
upon implantation into a recipient of secreting one or more liver secretory factors
or of providing one or more liver metabolic and/or physiologic functions to said
recipient, wherein said one or more non-hepatocyte cell type is selected from the
group consisting of gall bladder epithelial cells, gall bladder endothelial cells, bile
duct epithelial cells, bile duct endothelial cells, hepat'!c vessel epithelial cells,
hepatic vessel endothelial cells, sinusoid cells and non-parenchymal liver cells.

Optionally, the composition further comprises hepatocyte cells.

Preferably the at least one non-hepatocyte cell type and/or hepatocyte cells

are neonatal cells.
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reci pient, wherein said one or nore non-hepatocyte
cell type is selected fromthe group consisting of
w@ados/oddiexider epithelial cells, gall bladder PCT/1B2005/001324
endothelial cells, bile duct epithelial cells, bile
duct endothelial cells, hepatic vessel epithelial
celicsording 40 iacfurthes aspeniiftthe liimesntion, itheress previded a method
celI's and non-parenchymal liver cells, Optionally, the
of prodypcing tarenorf morh diver seqretaySabtopninyyie annprsing the step of
. Preferably the at |east _one non-hepatqcyte cel | type
implarimgrthp spmpesitiansc| the inventiondntn apatetyis need thereal
to_a further,aspect of the invention, there.is .
or BOXBEAPIY it RBEIESR Tt BERVIAGS GHES GRS facja or provides
o aS e fact :] |V 0Nl \SLNGakt h of. ..
tivef PRI, F PESBOEN BincBBH®; b3k o (ExEHEBaP period post
impPaith@nt 1 n need thereof. Preferably said conposition
provides |iver secretory factors or provides liver
metAalgording oto ph¥faithéogispedtuot ttheninventionathesxt sngesvided an
~period post inplantation According to a further aspect
impédntatrle domposition chmpeising pne of teereaggregiemofpt east one non-
conposition conprjsing one Qr nmre .aggregates of at )
hepptogyte eelé BPR AP écypen dmn(iw@%enda B ECUpISRL, of producing

L npl antation into a.recipient,.qo roduci ng .gndhor
and /(g Re QRS Bt gpOrbS seRiotblarS YRHSHT S8 st op non-
e c e
hep ? @gﬁfiﬁghgr ue p%c] gsﬁgg@%? %&glf gﬁl ﬁg?agder Sﬁe%ts(ﬁ{ eg?gl Bladder
epitbelidiscelalohllbladdar errdudinsiivg | dells, bie Iduct bpitelihlcdells, bile duct
epithelial cells, bile duct endothelial cells, hepatic
endothelial cells,theplakial vaset] epithiediahcells,vispatic eesdd: erdothelial cells,
. cells, sinusoid cells and pon-parenchymal |iver cells.
sinuseid eplly and nonrparenghygal 8% ¢fliSher conpri se hepat ocyt e

celptiopplSe s eetantat fhe: SBr SR ReBRReRRRRIBTY  Fous
cor TR e ARt op ek THPAGS, SO el ontifPlocyte cell

used &h thd MpehoRRIA copepsies 6f thelihventinctarepif be hubianasils.
and conpositions of" the invention are neonatal pig or

huPeefecaily sthe\ah deast ohe nonshepatosyteortbtypsemd/vichepatogyfe cells

epat ocyte cells, the hepat tes may be isol ated frqm
 usedghais Sleodscnd Cmpasibebe Pt fl veRva ot Bronatal pig of Mimen

cell@.om mortalised

Where the invention comprises the use of hepatocyte cells, the hepatocytes
may be isolated from commercial cell cultwres of immortalised or non-
immortalised cell cultures such as those available from Cell Dynamics LLC
(Smyrna, Georgia, USA), or may be cultured according to the method described
above. ' .

The at least one non-hepatocyte cell type is preferably gall bladder cells,
most preferably gall bladder endothelial and/or epithelial cells.

The invention is preferably directed to compositions comprising gall
bladder epithelial cells and hepatocytes in a ratio of between 0.5:2 and 2:0.5,
preferably 1:1.
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cell cultures such as those available from Cell

Dynam cs LLC (Snyrna, Ceorgia, USA), or may be
wa@edosiehaa2 according to tfie nethod descri bed abOwEB200@@®1324

at | east one non-hepatocyte cell type is preferably

gall bl adder cells, nost preferably gall bl adder

engiptdagl mbodieény tepiodeel i al eelive: sddretorp iaotoreis i blood

preferably direct ed to conpositions conprising gall
clotihgdggor.epi t helial cells and hepatocytes in a ratio of

between 0.5:2 and 2:0.5, preferably 1:1.1n one

enﬂmfembhy thet bleod edottingifeetor @Em@ﬂby)[ I; gckaeter IX. a

Allpin s bl ionind iedop ble ExroE IR,
v S BTl fipb TitySF i FachS} ST GO Wfibpadf ftok i also

secr\é\'fédf S n@oﬁ‘%%:@&f??l | $6n S Il%ﬁﬂda!ﬁé’otom%eassocmted and/or

brand factor 1s associ ated and

nﬁﬁé%&&WﬂﬂstFaa@f&’Iﬂactor VITI. In another
enbodi ment, the one or nore liver secretory factors is

a @m anothen athbodinient, dhe nne ar inooref liver secTeLy factass §s & igeowth
h and/or differentiation factor is selected from
andfgrg ferontiatigRdaciat anal ogues thereof, insulin |ike

9" -G, PR LB ABHER] PR B o

horirdtk Ynd aﬁﬁlo%@s Q?é&%%f tlH@ﬁlﬁ?ilk& )gi‘?@ﬂpfm& RADRAUTBRINES thereof,

e one or ver secretor actors is an enzynme.
hephﬁ)c‘_t)fb? dfaeritt ands adloposs trpedt) oy tftbrobldst gyeeth factor and
derived fromthe sanme species as the recipient.
anakxgmsdhm‘goﬁo a further aspect of the invention there
IS prow fhod of treatin atient suffering .
f r & 10 rea@gggaan% § oFs éﬁsg"%? plé\ﬁfﬁd PEGES l',qry factots is an
sociated with a deficiency in or absence of a liver
reted factor conprising the inplantation of an

ef 1§ JrleY EmBORMAKNLO Said RoRhePRIOBy e B RRyFed| &re derived from the

conposi tions
same species as the recipient.

ciz

According to a further aspect of the invention there is provided a method of
treating a patient suffering from or predisposed to a disease or condition
associated with a deficiency in or absence of a liver secreted factor comprising
the implantation of an effective amount of one or more implantable compositions
of the invention, to a patient in need thereof.,

Preferably, said one or more implantable compositions comprise gall
bladder epithelial cells and hepatocytes in a ratio between 0.5:2 to 2:0.5,
preferably in a ratio of 1:1.

Preferably, said disease or condition is chronic liver insufficiency, liver
failure, liver disease, or alcoholic liver disease,

In one embodiment, said insufficiency, failure or disease is caused by ‘
infection, and in particular, infection with hepatitis A or B virus.

According to a further aspect of the invention there is provided a method of

treating a patient suffering from or predisposed to a blood clotting disease or
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of the invention, to a patient in need thereof.
Preferably, said one or nore inplantable conpositions
waeooospHe2 gal | bl adder epithelial cells and hepel/iR2p0%®1324
inaratio between 0.5:2 to 2:0.5, preferably in a
ratio of 1:1. Preferably, said disease or condition is
condjﬂbﬁ”écﬁnbﬁh’lﬁg fhesiafiplaniacionyof bitveffedtivel amepnt jof cne or more
I'sease,” or al coholic liver disease. In one
impRRAsté BBfposhiving of iseivientioncy a atientireneed theesedse i s
caused by “infection, and in particular, | nfegd an Wi hd‘ :
hepetbidisg f afuither aspect ofcbe dayengionsthsre rABIded REHoC ©
of the invention there is provided a rrethqg

. of
treatingat padent pufering feqym roxy pwglsppé &0 W . B@@g/%a aplood-
clotfing Casepae Pb AOFSs FoRRmiatng 15 rhbEiRRPYS &l 8feld amount of
[ | ant abl. i ti . ; . L ant ‘
one: G maGig” pRBjaniatie nggﬁo@%?%%ﬁs bPEhENRBhEEN thOa Bpdtiint €At need

to a turther aspect of the
meﬂeafenti on there is provided a nethod of treating a
patient suffering fromor predi sposed to henophilia .

anghifersb] b lsartedvophilia ivhemophiliar Adi sor der conpri si ng

the inplantation of an effective amount of one or nnﬁe
i nm“'reﬁ&taﬂ?;eambmnﬂ’ mpplaitablecompositien campitsed Rig o Burpan cels.
in need thereof. Preferably said henmophilia is | \
he Preferably said maplpatabls cyoxga@%ﬂ%spmﬁrgﬁ aeQuatlestis: on
conpr | i.g or n cells..Pref L ' :

- ratorebly ik, oplEEtDs, EpingsitCOf Wi ol pomprises cells

Pref.erably, . ' (i :

encapSURieRd bRl SBLOMpRRLR RARPRE (AP UMARY e
bi %%ﬁ@g&ﬁi*?ﬁé‘d Rt §7 kakakis Ugdviee @ughnas e ;vasetlasized tube or
conti ne

In a suitable device (such as a vascul ari zed
ThdrdPeed" debpieycyte(tm device); cells encapsulated in
matTi x preparations such as gelatin, coll aigen, a1 d/ or d/
natgeilal encapsidtedriatmapiy prapagaticnsayish egelatiRorRlagsy, and/or
in a plasma thronbin CI& i ncl udi ng al | ogenei c pl asma
nawraltcarhﬂlb@ﬂ%téd’oh’mﬂrséﬁ{l §Enei c thrombin. According to
anot her. aspet; of ol (KGAbiCAoL BiGaind AlRheRTpiRsma clots
produced with allogeneic thrombin. |
According to another aspect of the invention there is provided a method of

administering a blood clotting factor to a patient in need thereof, wherein said

- blood clotting factor is complexed and/or associated with one or more factors

capable of enthancing the activity, stability, bioavailability, and/or efficacy of said
blood clotting factor, wherein the method comprises the implantation of an
effective amount of one or more implantable compositions of the invention to
said patient.

The implantable composition may comptise pig or human cells.

The implantable composition may comprise neonatal cells.

Preferably said blood clotting factor is Factor VIII, more preferably said
blood clotting factor is Factor VIII and said one or more factors capable of
enhancing the activity, stability, bioavailability, and/or efficacy of said blood

clotting factor is von Willebrand factor.
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adm nistering a blood clotting factor to a patient in

need thereof, wherein said blood clotting factor is
waeorpsloemezrl and/ or associ ated with one or nore PETIR2065/001324

capabl e of enhancing the activity, stability,

bi gavai | ability, and/or efficacy of said bl ood

cl Beeonding ke g Sirthenaspestofithe Iedntion herpisiprevided method of

treefiip) Argalisne. Ao (os OBy PIAERORE ! an diseasey e condition
assof o hith 2o iCRREY 58 2 P BRS =bE DI RERY HEuBn ot the
live B, DAL e RhoRlsifie et o fafioR bt Bl Rpu of one or

morb ig@thrith sl oRhdsasdiof the Tddnbion blthe paderai d one or

nore factors capable of enhancing the activity,
st Brefédably thel canpoditdn tomprisenpligoor afthar aglys, of sai d
bl ood clotting factor is von WII ebrand
f aEcberahb Gregionapesition comprises negnatal asllst he i nvention
t e J.S provided,a nethod of freating atient, . .
SRS difesR b OISoR apalp GoRPriSG hranielyd Bisulliciency, fiver
: | 1] SQC] +W:1h ficiency in a nmetabolic
falh%%’?ﬂ%%r ‘ﬁﬁ?@?n‘?@%‘?@ﬁ@b"ﬁ&{’?fo‘ﬁs ®the Ii ver, said nethod
COBPbhe! AbbMinddiP s HsuPfciBhofNANE Y UReAIP Wlealled by
one or nore | nplanhtabl e conposit’i ons. of the Invention
infettiort, R@rdriatpaetitularisfeetion Wit RepARIRTI B 9Rug.oNpri ses
pig or human cells. Preferably the conposition
cog:pwlﬁéng teearfutther asplecs of Teeinvientias ¢here is proivitded a useyof at
conprise chronic liver insufficiency, liver failure,
leasy ope rnef-bepasecyts: call dypriselectady Siomiithe greup | eonsiséing of gall

T L T T UIC- A .
vle R HUbIBn Bl Hiond SPLN Syl AET nATHES vessel

enddthglifloneNepadingydid eells t@endal §x§g1y\(i:%eplmlfv%€ . léﬂ’é* Pin the

consi sting of gall bladder epithel S, ga
manbfavtiterofen fmdiesimett foekdeating al patidut sufferibd o lor %@édisliaosed
bi |l e duct endothelial cells, hepatic vessel epithelia
to acdisease orepeRdibioncassotiateddwitiien ideficiancysin er absesice of a liver
cel l.s and non-parenchymal liver -cells in the
?emﬂ@ﬁJ@QPPure of a medicament for treating a patient

SUbJeBLaBE, T 501 YneflcifleRP Ofiftther comprises - hepatocytes.  More
preferably, the medicament comprises an implantable corposition comprising
gall bladder epithelial cells and hepatocytes in a ratio between 0.5:2 to 2:0.5,
preferably in a ratio of 1:1.

Preferably, said disease or condition is chronic liver insufficiency, liver
failure, liver disease, or alcoholic liver disease.

In one embodiment, said insofficiency, failure or disease is caused by
infection, and in particular, infection with hepatitis A or B virus.

According to a further aspect of the invention there is provided a use of at
least one non-hepatocyte cell type selected from the group consisting of gall
bladdgr epithelial cells, gall bladder endothelial cells, bile duct epithelial cells,
bile duct endothelial cells, hepatic vessel epithelial cells, hepatic vessel

9



10

15

20

25

30

to a disease or condition associated wth a deficiency
in or absence of a liver secreted factor, Preferably,

wa@ a00d/0pm6t cament further conprises hepat ocyt esPCVIB2605/001324
preferably, the nedi canent conprises an inplantable
conmposition conprising gall bladder epithelial cells
and hepatocytes in a ratio between 0.5:2 to 2:0.5,

preferably i a ratio of 1:1. Preferably, said disease
or condition is chronic liver insuffici

li .
endothelialu [%1131_ i sinwsaldls esle, amfif we&%ﬂ@ﬂ‘?‘ﬁgﬁ%&? s@\éﬁé i the
one enmbodi ment, said insufficienc | uree. qr
NI TR N e
to a %@c&gﬁﬁ% hﬁs%a& of c%n&it%cﬂlz-su@ﬁ GR' Bériephidiap ahdrinhgarticular,

€ I'nvention re 1s provided a use of at
hemdé)ﬁﬂ%zt Aone non-hepatocyte cell type selected fromthe
r

oup consisting of gall Db)adder .epithelial cells
aceotsing do st HEPFRAIOf JF FEVHORADATAS G e of a¢
cells, bile duct el .t , theesriu f gall
teast e PaniepaisgyTs iRk it R, RCRR o dpels of e

bladde! drsiheRhl &0, o1 lsddep dndothebial ealihybilé duicy epithelialscells,
N e

manuf actTUre of a nedi canent, far .treati a.
bile ndick eendstheial iaefiss repatic preawil s gpifbelialo cgﬁﬁq g%gauc vessel

clotting diseasg or..condition : L e treiitithe
endoheligh raefls sippsor fighh APE LR PHE g‘%?‘ﬁg h? ng‘a&E Erftoﬁetf ; ¢
; : 1-:%;% ! h Qliscas® o \Wotldition asseciedwith a
patxeﬁgggﬁ%%lﬁé fIﬁ%ﬁ-% atafnsz’s%bg tr}“eal | 1t yge sel ected fromthe
defigemypinconetattlivendfonphysidbgigdancipn chE1g BYekel | s,

ool Hadier enda el ol seblse sy bbb, e

i c vesse
.. epi.t held al I It di&esel endothelial cells,
faﬂu§$’r}bv§gid&s%g%‘%ﬁ1§ %%oﬁ%ﬂﬁ%égr enchymal |iver cells for

t rRAbhé Grabadinen) saidf isuffigencynfadhrprasdfispasseds cgused by
di sease or condition assogi,ated wth a-defjciency in a
infectioralsptliin partiyudar. Hrirstion B‘Qﬂbah?Rﬂ’i’é’tsi‘gr‘?r S e
T:}g{#i SR 0L & ABRI, Bt lthpRneablé vemposition
[ ?ﬁ@ﬁ'e%@ m ?ﬁé%béfgtg%S@g? ﬁi ver di seage, or P
and @bRPRkE pid bvimdhselse. | n one enbodi ment, said
insafficiency, failure or disease is caHsed by
Preferably said medicament comprises neonatal cells.
Preferably, the medicament comprises cells encapsulated in a suitable
biocompatible material (such as alginate);
cells confined in a suitable device (such as a vascularized tube or
Theracyte' " device);
cells encapsulated in matrix preparations such as gelatin, collagen, and/or
natural carbohydrate polymers; and/or
cells confined in a plasma thrombin clot including allogeneic plasma clots
produced with allogeneic thrombin.
According to yet a further aspect of the invention there is provided a
device for implantation into a recipient suffering from or predisposed to a disease
associated with a deficiency in or absence of a secreted liver factor, the device

comprising one or more implantable compositions of the invention.
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infection, and in particular, infection with hepatitis
A or Bvirus. Preferably said nedi canent descri bed
wheoosiopd1ss an i npl ant abl e conposition and conpPCHEROM/ 1324
or human cells. Preferably said nedi canent conprises
neonatal cells. Preferably, the nedi canent conprises
cells encapsulated in a suitable bioconpatible
mat erial (such as alginate); cells confined in a
sui tabl e device (such as_a vascul ari,zed tube.or
TiSmiddiscase mayieompise & blaos-elRting dissase of fisgrdes, such as
arations such as gelatin, collagen, and/or natura
hﬁn“ﬂdﬂﬁ@hydrate pol yners; and/or cells confined in a

p&gsggg{gﬁrrﬁﬁb%hgé {46} HEnAE callkogenei ¢ plasma clots

oge e:'l’c thronbin. According to yet a
f%gla@m@&ﬁsybomfpmbaeonmhcelbn there is provided a

device for inplantation into a recipient suffering
fi[‘hmd@lvlq@rred}’%@@é@eto a di sease associated with a
def i ci ' 0“ ap tbHiE(sublngs lginate);
t el § S DiaforiBatih My uentiact Al

c Q,npé’s%hizir%ﬁ ﬁfbet &e chanbet, | m@rémrdfedamgam é["hmgCyteTM device
conprise a blood-clotting disease or disorder, such as
availhsledipdrinl TleeraCiee, daui Eé,nay conprise pig or human

cells. The devi ce rm rise at I S tural
dévi BattiRy PERREI %’b g% gg@ﬁgh gél)n anfmﬁ patwa

a sui tabl e
terlal (such as alginate); a
cmb@%cﬁggpﬁlﬁgﬁ 'SEe or chanber, nore preferably a .
Thepr@racthtdhbiiesioc encludingaii anogmcrp&sa@@l@t prouced with

CA;"a matri x preparation conprising gelatin, collagen,
allogndiodhmmbm al car bohydrate poI ymers; or a pI asma

e%hf)ﬂ rg? &Ske' b s n,gﬁ_s,e&? kSRS @mMheChats, elements

nelc This invention may
andafe%?uﬂ% e roagH Yndwat@dnﬁl she ispetificagontof tie mhpgtlon

individually or collectively, and any or all combinations of any two or more of

said parts, elements or features, and where specific integers are mentioned herein
which have known equivalents in the art to which this invention relates, such
known equivalents are deemed to be incorporated herein as if individually set
forth.

DESCRIPTION OF THE FIGURES

Figure 1 depicts a graph of factor VIII and albumin production by a
hepatocyte preparation as described in Example 1 herein;

Figure 2 depicts a graph of albumin production by hepatocyte preparations
as described in Example 2.1 herein, wherein ARF+FBS indicates
hepatocytes grown in the presence of mitomycin arrested
fibroblasts (ARF) in media supplemented with 10% fetal bovine
serum (FBS), ARF+PS indicates hepatocytes grown in the
presence of ARF in media supplemented with 10% porcine seruim
(PS), ARF NO 8 indicates hepatocytes grown in the presence of
ARF in serum-free media, COLLAPS indicates hepatocytes grown
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and features referred to or indicated in the

specification of the application, individually or
waeoloseetisyel y, and any or all conbinati ons of BEIB20G5/001324

or nore of said parts, elenents or features, and where

specific integers are nmentioned herein which have

known equivalents in the art to which this invention

rel ates, such known equival ents are deenmed to be

|ncorporated herein as if individually set forth,

DESCRI P @11@geil HioaRdorRES: i gnedia 1supperneated withpH0%r PS,
factor VIl and al bum n production

b t
pr epar atG-ofSHE indigates beprtpaytER gﬁ‘b‘f"g¥ﬁ %QHQE‘%I 8@6‘8&%‘1 513‘51(8
depi cts .2 gﬂgc? gguﬁélgale%géa Qfﬂﬁir% :aﬁa 2‘3@% fiirBBlaeCYd:Rlitioned

preparaﬁP ad i n erein,
wher ei n eﬁg{f, i Bicdidli @) ec+hepat dﬁ&me’&s g ihepatocytes hgrown in

presenc m tomycin arrested fibrobl ast
medi a s upblagercoaigdilasks imemedia sSEPRIgIeREe wifﬁﬁa':‘% ﬁ%ﬁ*ﬂd %
ARF+PS i at es .hepa S jn the presence of
ARF in ns-g‘dF‘gl'Q‘Eﬁb%“QﬁE% %@%&%\é}fﬁ?’por ci ne serum (PS),
NO Mg b baudtion pyeSbroblasts in
FIQ&EBARF |§‘1nﬁ1 S@?E&???He pﬁ%&%l ag COLL+P rl ndi cat es

hepat ocygresvtlyr anedinmc o&dp@é@nel@t@ét aith | RORANG n SFRUER o (F+PS),
suppl ement ed Wi t hl%%/%}ygg S+F | Eg’lflﬁ d“};&pﬁ{,&‘ﬁ){é &8rum
grown i nh I'a

| o .
supp eneng_gﬁg_,_{ﬁrfg; %%é%og?% nﬁ’l x'ﬁe’ﬂfd Sipashted apith Foetabbovine

growt h i ndi cat es hepat oc tes _grown
in coll agaﬁnpmm&aakdesamhvddnﬁmmlﬁ REEEIIW t h

5% PS and 5% Sertol.i-condition
Fxgtmecéhr e 3dqa;pgs(:4 graphy p@ﬁﬁﬁﬂﬁ%%ﬁt ?‘ﬁﬁl%%PE J}ﬁpﬁh%p’geg Lisplated by
by fibro I n Mid Mmethod,
por ci ne g‘é‘f‘&?ﬁ%‘ﬁﬁg‘ﬁg‘}&%ﬂﬁgﬁﬂﬁ sl{Pﬁ gdr;lgv\}sﬁgﬁedl a etot, &8
suppl enegéRivatitin Bxafmpled eeeinm (Hep +PS), hepatocytes
in media supplemented with foet bow seru ng ovtes
Figuxdep +FBSYlepiats degranhp PEESCRting aa%swéﬂ% pr EFE% ¥ilgRpiocy

4 depi ct Seotal gggt @geg@wag pE&eddueO UHS BY the cold ischemia

hepat ocy
method, as described in Example 4 herein;

Figure 6 depicts a graph presenting factor VIII production by hepatocytes
isolated by our standard procedure and by the cold ischemia
method, and by gall bladder cells, as described in Example 4
herein;

Figure 7 shows albumin release from hepatocytes incorporated into a
TheraCyte device maintained in vitro, as described in Example 6
herein;

Figure 8 shows Factor VIII release from hepatocytes incorporated into a
TheraCyte device maintained in vifro, as described in Example 6
herein; and

Figure 9 shows the effect of encapsulated pig cells transplanted in

haemophiliac mice.

DETAILED DESCRIPTION
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our standard procedure and by the cold ischem a
nmet hod, as described in Exanple 4 herein; Figure 5

waelepsotd6n graph presenting al bum n producti onP@IIB2005/001324
hepat ocytes isol ated by our standard procedure and by
the cold ischem a nmethod, as described in Exanple 4
herein; Figure 6 depicts a graph presenting factor
VII1 production by hepatocytes isolated by our

standard procedure and by the cold. i sghem a 1
and iy swgeisicychvan ound $or g s G B o gl oells
erein; Figure 7 shows albuymin - B
are capd?iatoé_@?@fé : gﬂ’é’&?" Berratasy ff’%f’{f' M%igg{li%ﬁ; C ﬁ};e:);:();y:;
i i ne v, : . C argpithetia N
cells @aﬂ?@ %0 gﬁv\% $é§:‘§oc<ﬁl\%ﬂm?iﬁ%r glf lekggle f r om hepat 8‘;‘¥\t S cell
bladdéy’ te&a&ﬂéﬁaleselmtbgléa dibe g@elﬁale;?g: é—"ﬂf@aﬂﬁ?ta;ﬁp Fhal ;e 5
vitro, as described in Exanple er i N @ng 9881 and
hepatichwesselt élnﬂ@ﬂlfabwllﬁ)fh%&lﬁﬁéetrﬁ?eét 0 %lal (gﬂlg n
ep transpl anted in.h Bgélll kAdiFBe capable of secreting liver cell
son-pEeARAVEBESERF AT ERIT 3

. as surprisindgly been found for |,
facto%}[iﬁ Jitrb St id éEFpécE@i {20 Budie palloaticn traisphntrdetaabapt i1 vivo

secreting Iiver secretory factors. Mre, .. . .
woulg B frodabd the Jiver Sespeiogr gelccé%r@@ndsmgx etk ingreating liver
group consisting g al |, adder._.e ion. Thi
diseasgsl and disonders Asesigtd With-a i u(gelgll ﬁ{é&ggécc#éﬂgﬁft e?ti’lcz);lrl1 ©
) cells, Dbjl t.hel hal Send epathepatesgel cell type
inventign alsp; %‘I”n%glg#%t?g@ga%?cbggéggﬁéteﬁ%pt hel i(gi ??I&I S tes in
capablebiSQicdery Nivenrdcruoryptactors lipnegmbinagen cgith igpgireytes 1
een found to be capable of secreti l?'%eiivgfldise ses and

compasitianss fon implanting tinte Bwman BRSE LY WeRtn YR 1 €5 hen

transplanted to a host in vivo would al so produce the

disondprser secretory factors and may be useful in treatin

: | e had iaW&ﬁ?ri@?fklﬁ ib2en Cfe%d aha;tokn&;wmwtaﬁ and o yie
cellscéu\;igléﬁg{sgél‘%tiﬁg lgﬂgg‘ I(sggr'gforygfgglggo?{'g Etgelqho aﬁégﬁ?% &g{:g a cold
ischgmizc e, waPROTER FIPER PR B P e e oStRs wiiCh Yarbasdgable of
producing Factor VIII and other liver secretory factors in long term culture. Such
cells are then suitable for incorporation into an implantable device for
implantation into patients to treat liver disease and disorders.

The methods, compositions and devices of the present invention are
useful for long-term, physiologically-responsive provision of a wide range of
biologically active liver secretory factors to an individual in need thereof and/or
to provide needed liver metabolic and/or physiologic functions to an individual in
need thereof. Biologically active factors used in the methods of the invention
include a wide variety of molecules normally secreted by the liver. For example,
Factor VIII can be delivered to a Type A hemophiliac, or ol-antitrypsin can be
delivered to a patient with al-antitrypsin deficiency.

The methods, compositions and devices described herein can also be used
to restore or augment vital liver-mediated metabolic and/or physiologic functions,

such ag the removal of toxins or harmful metabolites (e.g., cholesterol) from the
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conpositions for inplanting into human hosts to treat
liver diseases and disorders. It has also surprisingly
whe@s/opaend t hat hepat ocytes and non- hepat ocyt BCTEB2065/001324
capabl e of secreting lilver secretory factors may be
i solated using a cold ischema step to produce nore
robust and viable cells which are capabl e of producing
Factor VIII1 and other liver secretory factors in |ong
termculture. Such cells are then suitable for :
bloodifGRARRY Hhé o8 IehitcoRd o gatadte ctivtype, fvdbich, surprisingly
antation into patlents to treat liver dlseas Qgcyw
show Hkpaodgteslike tearnetetistiss. Smmﬁsauy,éh@ aleastra Rk
the present invention are useful

cell t)mwsusola@g@cbﬁpnytheegggasqop@s g\ﬂfgaglnblgﬁﬁ& %H?g{&xal cells, gall
bladd3t shiStRBRf Lliy BAL dtf: | doyliap eend Obite dwet mndothelmh cells,

innee /or to provide neeg s and
hepadd Véiseﬂegﬁ@éual GellBhepatichyassel exg;lathélmldleﬂ@n%mtlﬁpl cells an
ndi vi du in need thereof. Biologi C‘ﬂ .acti

non-;faaaidbtysnalshﬂen aclihe Pirg KOEDASHIGNSAR 15e8 noﬁ/ %&"T’ dggengion
wi de varl ty, of m)lecul n e e d t
malel DS GE e LRBHPB R o ot | PpgRE e CEPmtE need to

1mrmgﬁq%uggliegg He 'i’éélgi%‘ﬁt £8¢ ) deiont 6 BeatmernTheough use of the

atirent wth al -antitrypsin !
methé&é i &drBpesitiond endeddvicts, of:duposwmm lignaeqtanit of particular

descri bed herein can al so_.be. 0 r.est r d and
substaugﬂ:ae nndAoIt mietabolig AKEY d%bé'al‘#% °&1%§ %;ﬁe B restored an

mamgqlxﬁé.? ?é%%algetg}oﬁg ?ﬂgh as the renmoval of toxins

e.g., cholesterol) from
t hqhlQedireaaion ihBvert funetien io mpnnmblmﬁma)ggqae nggyber of
type, which, surprisingly show hepatocyte-like ¢ -oonoticn
diseanb@yr uridisions amﬂ.sdeﬁp@mresc daryexappidCat OB SFToB, of me

relatg% §,¢)§ 5 ocy § Au&ﬁlﬁggvée'r ?'%r eltbﬁglcl%a eEﬁ 511% %ﬁﬁﬂon. The

e oes afiadet Hshetelaﬂmgm the liver
b1ok%§1f;g engt}ﬁzhbﬁk Sfiﬂb%rn léi'ﬂ S aﬁm

cells, hepatic vessel eglthel [ g Jism
is sig@lkgene hl@ﬁa:tts ONMehsesulenﬁd@mnﬂémeééﬂ tae sytherds Pg catabols

of pﬁﬁéﬁs?&%sﬂggréﬁr%r AN bl Hork Sty of Woigpoliom reating to
the xg%i%;% cﬁ.}ﬁ]{] @gc?ﬂli il éalcfﬁbt!o‘f Wichhaiin bh@yme or protein,

O I mmun suppress t he reC|p|ent

for
whili SedildIdt 4 Blbc int 4 ewétabolic pitivealg Wajh@mfsm lagicabeHsats most

conposi tions and devices of this
comnaoys temsilts fom peaxie c%ﬁ%@@%%’?%rﬂfg g qﬁg?reb Ss cbIOCk

accu%?lg(auonp N¥st QL ogl aled NEloh? Nalt@atife | ﬁx%ia@bﬁ@ pathways, and/or

defects in energy production and utilization caused by a deficiency of products
beyond the block.
For example, hemophilia A results from an inherited deficiency of

clotting factor VIII, normally produced by the liver. When less that 1% of normal
factor VIII activity exists in the blood, severe bleeding episodes in response to
minimal trauma occur.

Hemophilia affects about 1/10,000 live births around the world. About
1/31d of these cases are in the severe category.

The established treatment is replacement by injection of the mussing
FVIIL. Isolated FVII was originally derived in semipurified form from blood,
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mai nt ai ned for extended periods of tinme. Loss of or
reduction in liver function is responsible for a great
woewosee416f  di seases, conditions and defi ci enci PGT/IB2005/001324

exanpl e, inborn errors of nmetabolismrelating to the
l'iver individually are rare but collectively are
common. The bi ol ogical basis of the majority of inborn
errors of netabolismrelating to the liver is single
gene defects, which result in abnormalities in the

and wys tHeesby subjechtontiw problexhs psseciated Wikh blasldetiyeskprogiucts,

st il DT S 020 TESROl! St € AN et
e
corgRMly, FYInl s EIvem pophglazcicallyl bt dresapy isuiesy rexpessive

before The bl ock, accumul ati on of interjediates from .
(aboat $E00,0004 yearp (Bitharmopatneniipbizing antihodies may be generated in

ener gy oduction and utilizat] sed by a
the pagien il@ﬁ@yﬂ}ﬁﬁ’ﬁr%a’or&%& ?/b‘ﬁa&‘lteﬁga%@gck. For exanpl e,
he Ishd r f \PIehAt od dabé cuadenpoat liver
cl o@?&ﬁgﬁ%{}@foﬁéﬁl% &ng!rpnaq{élngl préduced by the Ilisgv_er.
trandphenaties as thadsultdodfiverofailire resuitng Wram hepefits tagquired from

exists in. the bl opd, severe eedi nq epi sodes. i n
the HlobgeREued & VAR Trdhete BeRCSL JsTe B RSER A CarRlelSgpe of the
H ab ult 1/ 10,000 live births around the worl d. About
e {f*of these cases are in the severe cat egory. The

est BRArnplad of r gidtaRAt of sconditicizenaitabley fomjtemtment ofith the
the mssing FVm |solated FVIII was ori %j naj | i%ﬂderj ved
metliodss enmpesidansdard davices of he paesenl inventiomelnside diseases or
ubj ect to the probl.ens associ-at i - flet
condifigh, chatebutrafe b i ot R, VAR o HoRREAY Yo not
imifed @CLH BYENrSufBHeRcya Jivak ailare, lde itk tdiseaBe,afot éample,
hmlgao%dé-kgg?ll&veg FVip has i?ﬁpgr_t gleQ: repl aced by )
thatr emsedi yarinfactionosuch as | inéedtiop, with |heppltis)i&epr B virus, and

0quph,yl actically, but therapy is very expensive (about
alcoholie LiysOMis§ask) . Furthermore, neutralizing anti bodi es

T CORBEE ot kP kol s s it
metheds, obrEpositidnd) elavides|dnd dgdregaies of shg gresent veyention include
the %({lﬁ%}?}%[gg P isenses ﬁég@aqt%rgpsaﬁlr lgygelllde\éteﬂ or AbAIubS SHbhADE but
not limited to endocrine diseases, Diabetes, congenital adrenal hyperplasia and
adrepal insufficiency, Hypothyroid diseases, Hypoparathyroid diseases,
Hypogonadism, Diabetes insipidus, growth hormone deficiency; disorders of
imino acid metabolism including but not limited to Hyperprolinaemia,
Hydroxyprolinaemia; disorders of tryptophan metabolism including but not
limited to Xanthurenic aciduria, Hydroxykynureninuria, Carcinoid syndrome,
Kynureninuria, Dihydropleridine reductase deficiency; disorders of the gamma
glutamyl cycle including but not limited to Glutamic acid decarboxylase
deficiency, Glutamate dehydrogenase deficiency, S-oxoprolinuria (pyroglutamic
aciduria), Glutathionaemia, y-glutamyl-cysteine synthetase deficiency; Organic
Acidurias including but not limited to; Methylmalonic acidaemia, Propionic

acidaemia including but not limited to: Methylcrotonyl glycinuria, Methyl-
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the bl ood derived FVIII. In these instances, there has
been a conplete cure of the Henophilia, Exanples of
waele@sasas2 or conditions suitabl e for treatnent P@i/IBR00I®1324
met hods, conpositions and devices of the present
i nvention include di seases or conditions characterised
by liver cell death or dysfunction including but not
limted to chronic liver insufficiency, liver failure,
or liver disease, for exanple, that caused by |,
hydrdxbegiiconciiuci, Hydrdemahylglutarinepeiditins Masing-CoA; 3-
virus, and alcoholic_ liver, disease. O her ex laﬁh&%nhm
’t

ketoadid d2aAdransfarasalidefisicncyyileaghice 200 PYIUYK: HEHIOS
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Senﬂg?% se %ﬂqaﬁ%ﬁ{ i 0 h?@?f“&% e kﬁgﬁ}lgﬁg% vvlg ﬁgﬁg%?ﬁ’as e'I;Ib eto ,1c
dicarEB?ﬁli’é‘abﬁidrﬁa? ¢ yulepldsntaaleficiencyyiomet i Wilsonts| diseasg). C'1-
u

not limted to endocrine diseases, Di %bet €S, Jefici
esteraseng itiibior adielinigncliy pdrapsEesyinagiRi addzgrypsit ' deficiency,

i ffici, , th i.d di i d
AmyldesseAoRpEsARarLHFiPndEs iR LeBRRPERIdNT O
Y P ursl f Aitleiac Gl b .
N
dehytivelicasye deficiemey] Pscadocholiaestorsset afsiensyartipeninsphatisia;

including but_not limted to Xant hureni.c agi f Ot )
ImmpgloRyy aRtkpaL Fsicierre Wartpits aspind Buf Hortimited to:
Kynureninurja. B .o ixgli: . cbof i ai g and
condii i Bt e By e o b
myn{é]QF alyripheslatia, KUliaksd recessivecaithony| hesphiepenia.errppradic

i tdmat e 'dehydr ogenase deficjency, 5-oxorcolinuria
congepitabgwithargrc wishew | Wnphapsaky, hi @ﬁqei;a’nglectasxa syndrome,

. y-gluytanyl - cyst ei ne _ el ency: i c ient,
s T R e R e ot
@éihﬂﬁ iRl inBERIR ONicladindaegongenitalydi Mysgamnmaglobulinaemia
Dysgatt gg%t%%m Met hyl cr ot ongl ql ygi nuri a, _ leotid
inclidinpy |dopdirey bddenosipe acdeguminase Hyefigiepcy. Purine nucleotide

met hyl gl ut.ari.c_aci duri Sucgi - COA.: 13- & . d -
Phomr{lﬁ%sf%{‘%\‘ggcﬁef 1&?"@8’&%, 0{ac e aﬁtcfdgyrlﬁgihgﬁ%' Hyper
i) ir§ ©ERBRih Metakeligncindhaling ibut lnod ilingited to:
alanﬁrgétegrﬁ% §P2§§{ ?gﬁrgi%gncy, "Non- I?et olti C ® , .
Analtheninaenia, cabifipathica, Bspopotginesran delsyEnpiegiatic  protem

(Kinnear-W/|son's disgase), .0 gsterase inhibit i
defigienries edisprders g g?‘g ﬁﬁﬁéﬁlﬁﬁlﬁgﬁé‘&rﬂ‘ﬁt' ) o*%@ ﬁgv FYruvate kinase

.defici . oj i SafiAbbby i h&kose e f(PHILE Nntofserase
et o AT PR, Seficioh! MOMRPRORGL0SSELPHY
deficiency,  Triose  phosphate  isomerase (TPI)  deficiency, 2.3

O

Diphossphoglyccrafe mutase deficiency, Phosphoglycerate kinase (PGK)
deficiency, Adenosine triphosphatase (ATP-ase) deficiency, Glucose-6-phosphate
dehydrogenase (G-6-PD) deficiency, Reduced glutathione deficiency, Glutathione
reductase deficiency, Glutathionine peroxidase deficiency, Glutathione synthesis
defect, Methaemoglobin reductase; Galactosaemia, Acatalasia, Arginino-succinic
aciduria; disorders of pigment metabolism including but not limited to: Albinism,
Porphyria including Congenital erythropoietic prophyria, Erythropoietic
protoporphyria, Hepatic porphyria including: Acute intermittent (Swedish type)
porphyria, Hereditary coproporphyria, Mixed or varicgate oporphyria, Cutaneous
hepatic porpyria (tarda), Hyperbilirubinaemia, Unconjugated hyperbilirubinaemia
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Enzynopat hi es including but not limted to:

Acut al asi a, d ucose-6-rhosphat e dehydrogenase
waledosopapry, Pseudochol i nesterase deficiency, PCT/IB2005/001324
Hypophosphat asi a; | mmunogl obul i n (anti body) deficiency
syndrone including but not limted to: Congenital
hypoganmagl obul i nem as. X-1inked recessive with

| ynphopeni a and thym c ai ynphopl asi a, X-1linked

includings or GlEhRsc-BPRNER o Ry CIRERRRSE + BFEIGRGG: donglor-Negjar
ondb 3 A R SRR AR, i otmon smcoms
Rotogszggﬁg%ﬂ ol\ibinaesistotiingéHitis N0 FiRfitiRht érahtosis, Disorder of

mragl’ obul | naem a i ncl udi n acglldji red, Adenosine |
melaignmigmentatiofj Pisorders ¢fliPurige bolisradnglding but neghmited

SRR T e —
: , r i |
uriczi?enl gt 1|'§§rc%y§ o@%aglé&??cﬁ‘ﬁ% ﬁfékaéd%ﬂﬁhp WRIRARE But not limited to:

poprot el ifaem a, ynptonatic protein
Galdtedizeh8aci Galactilaeisder defidiengd défidimei ndiphatphgtedugalotase-4-
limted to: Pyruvate ki nase deficiency, x0oki nase

epintanrge disficiennye yHeruditony ofiugiose mpeieyaticgo efructose-1, 6-
- def] ci ency,. Tri oserphosphat @ i (TP

ot ipie s S RRTIRICT, LN i e
stor%hloglﬁ%gg%sg t@gg}gbgeﬁééﬁf ené1B@N: Baf ik aitaited ABENTSipBEL — Von

ATP- ase) deficiency,

GiefBelx déwabe [(Hepptuatral G djaeadl (%Epatqrg}ald@fs]}j, chpe I -
Reduced gl ut at hi_on L Cl.enc ut.at hi one reduct ase .

Pommger s gioeathCeBReR GAPeT Pt L dGLE LoPPLEiRg Sufifhosis),

at Ry iSesl iihaqepswhi s disease,
1y 2 A e A pa i it i
Typlr Vil ni riess Uieédses Tagied Wil &; Tausios ditseaseyf TppgrieHl — Huijing’s

~“metabolismincluding but not Iimted to: Albi nlsgn

disemss,phyGil¥cogenl udiymhatawy endeficiedey hré)%ﬁly%?seems - Muscle

hyria, Eryt et ] i o . _
oA e B YIRS
metROSII ! inBludifs SRt LRAVIIARRAORRT MYiid &, Wbt oyndrome, Scheie

vari egate oporphyria, Cutaneous hepatic porpyria .
syndtoanel afyrley ppndsotie; dypealnt dluntet syndrgmeed ype 1 — Sanfilippo

erbjlipubi Lai n di pg: u -6~
Syngbhiaci o BT iSPEe Y Mg ARG MRPHE 8 ana B
TypeC Y LoV AURE TRinhy syRiaResT Bypd T dl Clacdpehidase deficiency;
ohnson syndrone, Rotdr's disease, o o
Glybbtpreminghtotigeactiseases Hachwlimg obutt ek slimfiedo teleMagmosidosis,

Fuq%?s'}g&wp' k0 Ordbrs Of Aming ackd meraboram Illuding:

disorders of aromatic amino acid metabolism including but not limited to:
Phenykletonuria, Dihydropteridine reductase deficiency, Methylmandelic
aciduria, Tyrosinaemia, tyrosyluria, tyrosinosis, Richner-Hanhard syndrome,
Albinism, Xanthism, Hermansky-Pudlak syndrome, Chediak-Higashi disease,
Cross syndrome, Dysautonomia (Riley-Day syndrome); disorders of metabolism
of sulphur containing amino acids (cystine; cystathione; homocystine;
methionine) including Homocystinuria, Homocystinuria with methylmalonic
aciduria, N°'®Methyleneterahydrofolate reductase deficiency, Cystathioninuria,

Sulphite oxidase deficiency including p-mercaptolactase-cysteine disulphiduria,

17



10

15

20

25

30

to: Xanthinuria, Hyperuricaem a, Gout, Lesch-Nyhan
syndronme, Secondary uricaem a; D sorders of

w@ a00bomaar at e net abol i sm i ncl udi ng but not | i nPCEIBWE/001324
Gal act osaem a, Cal act oki nase deficiency, Uridine
di phosphat e gal ct ose-4- epi nerase deficiency,
Hereditary fructose intol erance (HFl), Fructose- 1, 6-
di phosphat ase deficiency; Di sorders of polysaccharide

CrofBe A SR O SRS O
housdisyadeamé);ebairdesnakodialed, with i§ypebarhiiRnatsiie addludih ?l?bl{t not

. . Type Il - Ponpe's disease (CGeneralised GSD), Type
llmxtc%r i tos dAggidroUceinicacidria,i nCidlinacyipe | Nyperornithinaemia,
.Ander sen' s ,di sea | opecti nogi s)., Typ McAr dl e’
ArgiffEghle Nl Ta e, suhetnse. deggiendd Carberny] ‘phosphate
syntiC AR SRACIOMR, | Glritind bl OB RF Meficfint? “Ofhithinsemia;
disordbrss ph dieinesineaitolisns éndleding Bac yiot DirfitediaosHyperlysinaemia,

. mucopol ysacchar i de net abol i smincl udi ng but not ) .
Periqdig hymerivsinappia with hgiperammonaneire  SaSchaiopirsriair Bingcolic
acidaggrﬁ#aielr fl—é%%%é@f?g? o?zéépd%lg\fal, BGJ}T%?JI@)G ra@%éﬁlga,lo (ﬁtot-or%e allclzildae—mia,
Hydddiytisiacahial | $f e HhfeRY - ;

.y Maf ot (helgéfjx- Lany}mgg)r{}%l%%?’ Type VI lar_ﬁbsG E?ﬁ?rc?#%as(gpe v
disordefs of dmaycheG-glraip ravhinbnacitd ometpbotisse ardsdingchutdhoty limited:

ut not limted_.to Manposi dosi.s, ,FLiCi dosi s, .
Maplgs psyiap| guEBanidithase,; Hyperlewsinesolausinaenit, g Methylmalonic

: bolpsi:incl udi ng: . di sor ' 11 N0 _ac/
wciddbEb o PORORE) Lol oo My RrafhgfRb Lt "0 fhcthy-
hydré&kgptirke taidiirig, Mathyld edRhesnidi peidusidl Fipddxyl-methylglhutaric

.. deficiency, Mthylma delic aciduria, Tyrosinaema, =
ac1dm,os§ﬁwachapy49@§nmSi&ypwmmmﬂan ardeysdrafive histidine

I nis anthi sm _Her sky- Pudl ak syndr . ‘g
metafip R, Fpd B, Pt Aot JEIEETEY . nirinfdrin, Thimaifo afiduie,
disordBts OFf fore a¥d nRdolishh 5(%291?1157 1282 LRARCKdrRhRhotransferase

sul phur contai ning amno atids”(cystine; cystathione;
deficiemydy Glutenataefdnmimimejarnisferaselideficlomey ¢ \Bisorders f Glycine

Honocystinuria w th nmethyl nal onic_aciduria, N5 | .
Meta@%yneﬂ'@m ahYid rlwoﬁlatlaedr d@ict 5%@@6&1%3&13@%% D-Glyceric
' at AL onj.ur i -1 e ' ef | ¢ci.e -
i ORI SheoBhi S AR Wi of 1pid

metaBoH$thp hidluding, 646 tiod Uilnited Qiit | BRPeBlipoproteinasmias including
'I—y]@ger met hi onmaem a, Met hi oni ne nal'absorption _
Familigh shypersbylopigramasinia d(EppeleDs Hamvlialattopenilipoproteinaemia

(fann}ﬁ/a? eﬁfp%&@t%r&lggﬁija(}i &%lp%uhArB?tCombined hyperlipidaemia Type
IIB, Broad - disease (Type III) Pre-lipoproteinaemia (Type IV),

Hyperchylomicronaemia with pre-lipoproteinuria (Type V);
Hypolipoproteinaemias including but not limited to: A ~ lipoproteinaemia
(acanthocytosis), Familial (primary) hypobetalipoproteinaemia, Familial a-
lipoprotein  deficiency (Tangier disease), Familial lecithin-cholesterol
acyltransferase deficiency LCAT); lipid storage diseases including but not limited
to: Mucolipidosis Type I (lipomucopolysacchariodosis), Mucolipidosis Type II (I
cell disease), Mucolipidosis Type I (pseudo Hurler polydystrophy), GMl
generalised gangtiosidosis, GM1 juvenile gangliosidosis, GM2 gangliosidosis
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limted to: Argininosuccinicaciduria, Ctullinaem a,

Hyper orni t hi naem a, Argi ni naem a, N-Acetyl glutaraate
waysloetiese defi ci ency, Carbanyl phosphat e synPOEIERRSE5/001324

deficiency, O nithine transcarbanyl ase defi ciency,

O nithinaem a; disorders of |ysine nmetabolism

including but not limted to Hyperlysinaem a, Periodic

hyper|ysinaem a w t h hyperammnem a, Saccharopinuri a,

wth]l IOeCOI l ) aci da r . Ogaclhg,'};ﬁ ac')dma%qﬂggmsﬂoszs with

e R A, A N B A, i
(sphinpOntieHl g hbiﬂosﬂgit Mémmeﬁaauwaxeheo@qu@hw (sodplticlealipidosis),

Hyper'l euci ne-i sol euci naem a, Methyl mal oni ¢ aci daema
Gauﬁmm diseasea(teseclonoside NipidagishIatemy dispesen(seremide iritiexoside

11p1dgas&, %&cnaﬁ/ e;fpa bUt bf h@gﬁii(&?’é}ﬁe}q %@gg%agef. glts&c&% %f calcium,

eidpRe @ﬂm@ Ber Maldraige McdidHies Bl ehst dimited tor
phogp gﬁdlﬁa@e?abo |sm(§%1icl udi ng but not Iglsmted to:

Hypé‘matuaetmae siates Uncluadimg: aé]‘h;urocdpltohn@o rdgfictensyy, f Yitamin D-
aci d_netabolism (.cycl ohgdrol ase a

resis AR SBRPERNaLECkR Ui depsndsanigkets: Deficiency or

exce{@gtog]orﬁll it n%{ e%ﬁzxgasgégbﬁ%? ?&/ excﬂl@&rﬁﬁfs%nosf dfsky&: Menkes

stee @hMéioreel BonPIéd yeenple, Mraiﬁﬁmaae@mlldsamocMOmatosm
ar coslt naem a, Triethyl am nuria; disorders of g
Congenigalbiropneyerioadd i Zigenier exgmplenpedeormatits edterophitica; and
th %erl i poprotei nem as including Fam |i al
c erchyl om cronaem a (Type I), Fam i al
hy paks- witROiafly elifaRet df (cftﬁ&‘ bigdns, liver transplantation is often a
hyperchol esterol aem a) (Type ITA), Combined
prefmpérmemp@amnchséaﬁp@ WCliBﬁda‘dlﬂl eireask liveypaetabojism. For

exan%pf}h lé?eé'p RS aem & Tz{ﬂ ﬁi&lﬂl\%ﬁ%ﬁe Xp}P r?o%rgr{]f gtrar.]gg liver

dise{é@/ﬁ) PIDONUOLE 'vﬂﬁ? cﬁ? 0 |l:i%’1%gglnp Eﬂer'ﬂ:ﬁtes | l:x‘gért tgshs PP&ntfﬁou is

popr of enaem a (acan ocyt mary)
limf@dﬁ@}bﬁteeédamgr of mmﬂéﬂdanoﬂ%gahs aI al i popr ot e| n

defl ci enc Tangi er | sease lial .
cciThR SRR of heypoih bR Pasn Pianased an o Altemmive to

t |
e PO 5 Ol 349 P S
27:298c301 Pl 3PS).STHY Q&thlol's felpogiethhat shmgm);abdmociéﬁqdemlﬂes may be

Type |11 seudo Hurl er pol ydystroph
cure x%lth repla(cgment of 12% of IPVGI');HXSS sugpge)g)tlng a single liver could be

utilized for several patients, or partial resection of a living donor's liver could
provide the necessary liver mass to treat another person.

The ability of transplanted cells to manufacture and secrete substances of
therapeutic value, or provide needed metabolic functions, and so potentially
provide an alternative to whole organ transplantation, has led to the development
of implantable devices for maintaining cells within an individual in need of
treatment.

In order to replace or augment liver function utilizing liver cell
transplantation, regardless of the means of cell delivery, it is critical to ensure the

survival and growth of the transplanted cells. Previous studies on hepatocyte
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general i sed gangliosidosis, GM juvenile

gangl i osi dosi s, GW gangli osi dosi swth hexosam ni dase
wo@shdasency (Tay Sachs di sease), GW gangl i oBCTHIBA065/001324

wi th hexosam ni dase A and B deficiency (Sandhof f

di sease), N emann-Pi ck di sease (sphingonyelin

i pidosis), Metachromatic | eucodystrophy (sul phatide

|'i pidosis), Gaucher' s disease (cerebroside

| i, pi dosi Fabry's di seas cerem de tri hexosjde

tranynlgtadan davearenerted éli‘?ésﬁﬂg@ﬂ(ﬂ“@ge Achortalpraval shunt (PCS) in

confShGRAPRHn HBRiaSe, BlBRLFiI, ARRT heRg R SRl men:
(Uydipedr Gl Tremiplaithbe $5:982-935 (1p93Mewaler, pafibhts in need of

. deficiency, Vitamn Dresistant (hypeiphosphaturic)
Livery fusirden repliacemient, Bugh msrfanephiliske 05 patbents cineliegr failure, are

cess _of other .mnerals h ,as .Copper or exanpl .
atresy B o @npirnined MeefiRcartl B8 e PP 8RS S 561 By Feasible
fortﬁfgrpogﬁpdmng, Atransferrinaem a, Haenochromatosis,

Congenitall iron overload, Zi nc, for exanple,

AcrBieimventioh ddisslossdhetchi peovided ithpeoviedkaethdrls ol Rulturing
of other organs, liver transplantation

2
hepaiaeybss &0 AURther GHIRWANE Ak HeAsh Ohe NONJRRSACYAS woi tape dvhich is

o 44083 . LB A B b o o
moreerilvest ageatidlicerandice @ﬁ?siol’@i@vﬁmcti@ﬁsy\ﬁ\ﬁﬁbrﬁqﬁipm&t@_& linto a

.transplant therapies, liver transplantation is limted
recipisnty phesmyention eenterplatesiBedesesrigptieast time non-hepatocyte

I ' ..o h t t es, has,.b d .
cell HERORD BRI, Rl RBR RS e TR une a BHORERE lar ey o
hepaty ged hésaoeye.cels. al , J. Ped. Surg., 27:298-301
(1992)). e authors report that single netabolic

defThs wnptoyemeny ivin therest of 2 koldkjschemirestep alurirheatocyte
liver mass, S esti.ng a single |iver could be .
and pontHep By, STJSRIaHoR AheEHRBleS dn' § Sherenrotrust gues wiably el
herid, | Whe8 @RRREd Sp! 4 , iR\l Ssar
v eI [ veor(’hﬁlgss toéctl ?Ielain\éggaot% EiéH'pgl gg{ﬁséalsgﬁgsa%?gﬂ ;i Qogapable of
secratingrisgutonVed el other tivemsedretory factandnsieagatan culture. Such
il subst ances EF]; t her ggut,i c .val ue, ,or provide needed
cells ate tsy) fHitapls fay igpantatgn dpforecipient p3tisnt §or the &eatment of
; : 533511 ol e organ transplantation, has led to
hver?iﬁéee%geve d(;‘giﬁ%n e‘f\%‘.f i npl ant abl e devi ces for maintaining

celThe whtenitiona thisn donfediyhtes theeed of HéRBddRES alone, when
cultured using the improved method, in the treatment of liver diseases or

disorders when implanted into a patient in need thereof. Alternatively, the
invention contemplates the use of non-hepatocyte cells alone or in combination
with such hepatocytes in the treatment of liver diseases and disorders,

The invention disclosed herein in respect of non-hepatocyte cells, for
example, gall bladder cpithelial cells, gall bladder endothelial cells, bile duct
epithelial cells, bile duct endothelial cells, hepatic vessel epithelial cells, hepatic
vessel endothelial cells, sinusoid cells and non-parenchymal cells relates in a
preferred embodiment to the preparation and use of a composition of or a device
incorporating neonatal cells, including, for example, an “aggregate” of at least

one neonatal non-hepatocyte cell type, such as neonatal gall bladder cells.
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In order to replace or augnent |iver function
utilizing liver cell transplantation, regardless of
wo b@swoedans of cell delivery, it is critical toPEnEBRE/001324

the survival and growth of the transplanted cells.

Previ ous studi es on hepat ocyt et ransgl.apsat i \
Alternatisty o 6he RSEISERIRO M QORTESE & 0Ty ARG, B ndfEpatocyte

conjunction with hepatocyte transplantation inproves
cells pagh hepdlpedeengr af t nent (Uyama, et al, Transpl antation

55:932- 935 ( : e']ioéﬁ; Rafih@ed, Fot Bxa@elt glord ilver one
fu ﬁ"rgﬁnpléepﬂé}ée%n%n : %ﬁggg henophi | i acs gr pﬁti ents 4
dhad L iR, Bf eafl Feagidyorien morshepatooyteedell type an
nonlg%hau“écw%n?aan t he burden of a PCS may not,_be feasible
hepald@¥tdshiife eulsuinay interactidirectlydior esamplesby ssBdoreilgoptact, of

indirecty :lh 'ﬁ:sp com %KE%TS? e grgq:r%ge'ﬁt pATIN Qﬁﬁﬁ%ﬁﬁ% ;ﬁ§1étp?nes,

L ek T, SRSt omons
bol | / or .. physi ol 0Gi crf. U0 -

and/fr grpagop by e AoRRE of K5 Rilk e BSenctlioull Bevisly @fum.

Us & Gf Bind GASICABSS BERvdARAERRKIellaybed P the formation of

epat ocytes, incl udi ng co-culturip
&

an a%%rpe}%%ég n%iﬁfé?ﬁ\ﬁ@f %mﬁﬁsﬁigd ahéat ongt sorcbepaocytgecell tj%]pe and

t is’in the use of a cold ischﬁlrria ste

hepaﬂ@lfc?'teag doeqAturing allowisl tho aclifamedoygrove 8t fhe REPeRGeRf growth
[ts i bust d vi ab| | : '

factomeprodubed bycthe. S 3 CAE: belDHy SRR ERLRY it HoB  For
bl f ' Fact ' i

exarmpley v6r Jaraopnd et i bRalacst Ll Jebfony! Yaficdon andlor

phe en%ﬁg)% §$ b?ﬁé%aiﬂﬂ%@ﬂﬁﬁﬁ%@“a&%ﬂu?ed adfhpirgifor interact with

reatment of “liver diseases and
' g@%‘% i uepitbometdelis. cont enpl ates t he use of
andﬂ%%g%o t%%tégﬁgne, %eﬁﬂgultured using the i nErO\ﬁetqyp a
met Dpdome entbedimentspghe 25f lepsty gpe dosehepaogyie cell type and,
di sorders when inplanted into.a tient J e i
whenhprosort, th hepataeyto ceils, R eiRTahy %W%#Sﬁ’pﬁ%t Bng fRectes
use of , non-hepat ocyt.e cel| : Mol [ h&No -
as (g anowie. o Bt Aaedifiepf, HEEE B bd e, AFebrone non
di seas 1O i afitvik seligsae fremeispecies
hePF‘WCP%s g@&fwg? %Er[}lghf‘ﬂg)rgp lc.)e;:ngﬁté tE:iglqjlﬂisp,a fg:éb exaﬂpl e, gall
oth&Y @?H%ﬁat%fit}@?édiﬁi'enﬁa I's, gall bladder endothelial
cells, bile duct

We have also found that for the preparation of an aggregate comprising at

ieast one non-hepatocyte cell type, for example, neonatal gall bladder cells,
culturing in the presence of allogeneic serum allows the gall bladder cells time to "
grow in the presence of growth factors present in the allogeneic serum in vitro
before the cells are transplanted into a recipient host.

By “aggregate” as used herein is meant a grouping of at least one non-
hepatocyte cell type as defined herein, which, when implanted in to a recipient,
are immunologically, but preferably not physiologically, isolated and/or
privileged. An aggregate may comprise more than one non-hepatocyte cell-type.
An aggregate may also comprise at least one non-hepatocyte cell type together
with hepatocyte cells.
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rmation n r egat ref.er

ot liated temneom s A o dutowiie; AT clofE AL frof xample,
= t i | A i I t . .

Fa"té? Xl op? gl%mf 8 W %@gh%ffggtdggd tsattd fgigfi_eﬁenuatlon

fact%t(ﬁcg}\/%?a;rgglﬁa binbPhcicHe At andlogaeshtirteofFarsutineliip growth

that non-hepatocyte cell secretory
factdrupsd | ol cuubs ofherdodn hepatecytey stoavthefactor aed anglagags jthereof,

fibralygmegmet factar anshandegtes Siread, Fad SoHEEIau e Hbtary)
the at |east . - t ocyl | .

cocnzBab A 154 HRONERCY eIt Gafect gnle a8fnialner
fromt | el .
e:r‘gg‘lﬁ p:%%ﬁfrggeeéﬁl?ﬁggﬁgl}s?ég ﬁolkﬁﬂ(gié;{i& hepatebher cell type is a

east one

bfeyte cell type and, when present, the
neo’%gfa?éggyﬁ)egcel |'s, are from species other than that of

t he Byechehienal” Mémeantofyl s derived from: newr-bemeand/or recently
preparation of an aggregate conprising at | east on .
lostng i dhenperod apst afer bisth,
bl adder, cells, culturing i h s . I j
WhaSERLI AR VRSP Beatdl SutiE™ TogiBla, §PRllahs te

row in

neoé%%& @éﬁélﬁnﬁec@ﬁsi@é@&‘tﬂt‘t{eﬁﬁ&q’iﬁt pE@SRBEKY folldwing birth, and for

c sérumin vi
example, in pigs is considered to be the first seven to ten days following birth.

By “allogeneic serum” is meant serum. suitable for cell culture derived
from the same species as that from which the cells were derived. In examples of
the present invention where secretory cells and companion cells from different
species are co-cultured, an allogeneic serum is one derived from the same species
as that from which the secretory cells were derived.

By “factor” is meant a biologically active molecule produced by a cell.

By “long term” we mean a period of more than 2 week, typically

extended to 2 -6 weeks or more.
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before the cells are transplanted into a recipient
host. By "aggregate" as used herein is neant a
w@e@apd4ig2 of at | east one nonhepatocyte cell tRQPIES05/001324

defined herein, which, when inplanted in to a

r egh Pk ki IR al geriodbolt more uearah lweakg tpreieranty

ph% o?%ﬁgepggﬁlﬁ)f, Eiﬁgglgat edggnﬂd/or privileged. An P
morSFAheeAt SweByfoefivé sesixoyeekishammoree non- hepat ocyte

cell-type. An aggregate may al so conpri sg at | east gne

norFiaesplantyion od lattlepst tomgemwenatal t ROBEBAGEYCe COll type,

o Bk gehn SR Y o
o B TS g by

prodh)lﬁglgg d?%eg%'ti% gf'l{e 3?‘}@%56?@?1'0?§ hhdfor pedvide dnd dahbre metabolic

ren I ver vessel endot%al of th
' i S, thethbds , compdsitdony agdndevices), | ¢
and/%j)}l??igyf%ig %Cﬁgg%ab??}of&%erﬁoirm nmet abol i c or
pres@ity Shobmghie énatle i avenatalr muin-yepasodsse meallpyta HAITYIVEer SOV,
and/ or associ at ed organs and/ or expressj n? n%or "
proliferstie eindh gecratty verssserasonygerry Wé!eadlrf’@éﬂ%}l %{ﬁm & recipient.
nmol ecul e. .. Such a.bi pl ogical | cti I i
For G cdidias gs o bRt Thov, Mokl os¥P o iy péptbfte cel
agli b nepithelidl teslls, gall
type Rl Rl 18 FRpRL CpeE . SIP Ciaer ebihelil el g

fqRf! Bile. dikaCépathelill ceFiqcbile dust endothelial cells,
blad\ﬁfleg%l?an ﬁfl é%?lg?;étﬂggr owt r?iar?d/ or d{gf ferentiation

hephtec vedsel epiheleatargilse hepatimwéssebemdnibelial rellsapiayseid cells and
thereof, 1Tnsulin-like growth factor argg'ﬂanlil g@fs i
nonspazenaitymalohuencglis Aot PAFICNE: NEORR RN GRDJIAAder cells, can,
t hereof, fibrobl ast .growt h factor.,and S :
whemésokgedl | using ﬁﬁ?@@’%iﬁ&%‘ﬁ%g‘e@“ﬂh";&f yﬁ%géééé e or guore liver
t he fici i t \ o in vitro. Such
fuct it it fier HbEhofie dagfor pHfiotogicateion in viro, Suc
cellf WhirvERabLady hRlees! ]%ro‘lifﬁﬁtd whenneginatd! acerdingy e thaymethods
neonatal”™ is meant of, or derived from new born

heré@ndiis¢lobed: e urthebmore, inisrexpeciedithat suebiagha: Phgngpolated and
relating to the period just after bi,gtg, erg{n sai d il
culpeed aingirthes matgwl% sleseribed: herginc Wil bedle g Jpaptan ce

H h . h J . d . . i
RIS DR RS 3 e B SERR) 5, B U

Wa&bﬁﬁﬁéﬁ?{gﬁ@:ﬂﬁﬁéﬁ’%ﬂto be the first seven to ten days

We believe, without wishing to be bound by tl}cn)ry, that the isolation
and/or culturing of at least one non-hepatocyte cell type and/or hepatocyte cells
utilising allogeneic serum is at least in part responsible for the maintenance of cell
phenotype and/or liver factor secretory function observed,

Cotransplantation of non-hepatocyte cells with hepatocyte cells is also
contemplated as a meahs of achieving:

(a) protection against immune rejection; and
(b) stimulation of survival, growth, and the mitotic rate of non-hepatocyte
cells so that they release physiologically appropriate and/or effective

amounts of one or more liver secretory factors, and/or maintain the
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By "all ogeneic serunf is nmeant serum suitable for cell
culture derived fromthe sanme species as that from
waiosho4ibe cells were derived. I n exanples of PECEIB2005/001324
present invention where secretory cells and conpani on
cells fromdifferent speci 2 i
ol IR HRE S BiTS Se BB Rip To@Roic i #hgol i functions
as th L ' lasitateineo o eedipiat. :
By SW?&?E‘?‘%%%&@Q%?@@% g“g?fégaﬁlgb active nol ecgl e .
Pr qftuRBiehy, Withhi widing kobe boandibyheosprihat {herprovispon of
more than a week, typically extended to 2 -6 weeks or
growtBr sdRor ‘tphie ded/qre diffetentistione factoss padiadfectianseby said
man preicxaoiy nore than two, t.g eg four, five or Sti“xon-
hepatmayks ostls nisr ol 1qasériap pari: esspomsible for e Jpaigfenance oL D

e A SR, Gl B I e
acnl evln : .
anc B RR SPRABLRINGE Gup g nosldpatisns s

andfid »EREhE L RfdNnCk fher daetedsioathe/ we of avlaist one non-
or m)rg net abol 1 ¢ and/ or physi ol ogi ¢ functions. The

hepat&iyiodril §@Ep o6¢ludings andehst enecrennatd] notehppatseyie cell type,

I nVention enabl e neonatal non- hepatocyte.cells to
selected irom, ther grourpconiprisiag £atlh blagder @Pﬁi‘?h%]e Peﬁ%c%@c Jlgdder

encohilcaslhodule o PR EA.Ael i AP B ot nepase
vessfE BRI 1alio NERRITGAERIA (P, RSERE Uit and non

S, g
ieadQiiRebpabnals) with tepatocyuctelbyieither siaply; dntescting
pare@!:?glﬂgtlét@ enéof hgl I al la>t:el I s, hepatic vessel epithelial
togefitdrl B agpapgites oy esmpositiodstitiel i al cel |'s, sinusoid
cells and non-parenchymal liver cells, .and i

L. n .
n  Adediatesencapsedatadforyat to provideaddiional imgpne pReipetion of the

ST e Tl e desc b POl o
t abol i d/ hysi ol ogj j ' i
BEPRSo <D LR B Yo o b i ERpurHES and 6
d 9 6l SR in Example 6.
e T e
a SSWcaidibodad Grplavk edlevivend thie alowodthededevélopthent of a

herein wi Il be able to maintain cell &Eenoty e invi vq_. th
Prelvmentaeisednalibgericier callagent tespTYQiEt Krs they plggement of the

lt?arlllgsialta%erg tcgﬁgs p],!’r%rt]ér%ﬁy? rhn'a q}n%lae}ltr c?é:\iri é?@tc'ell impermeable but
protein or secreted factor permeable, such as the “TheraCyte” device
available from TheraCyte, Inc., Irvine, Calfornia.

m Matrix preparations — in which cells to be transplanted are cultured on
gelatin, collagen and/or other matrices supplemented with natural
carbohydrate polymers.

w  Plasma Thrombin Clot — Allogeneic plasma clots produced with allogeneic
thrombin as a biocompatible containment device for the cells to be

transplanted.
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W believe, without wi shing to be bound by theory,
that the isolation and/or culturing of at |east one

woomsiepst ocyte cell type and/ or hepatocyte cePCBHIB2005/001324
utilising allogeneic serumis at least in part

o s pypacks o gfe SR Pl BF Tk socrory PAION P Ropatocytos
and @éé%g@%@é@ﬁ{hgﬁla@:gﬁg%% 2lio kP nsehled Weréin. For instance,

tenpl ated as a neans of

Exa:gﬁ%i % E)) Ah distloses Thé Gidinrnanes obh seomtory ced] plriotype in non

stimulation of survival, growh, and thg .

parendtiyphalcoslht sndkpithelidleqmt engothelial rellss ol al blagdgr and liver
rel’ease physiologically appropriate and/or effective

vesselspunt s of one or nore liver secretory factors, and/or

intain th i1 i ) :
e 1 e 3 it BE Bl Ry ol i i patiulr
| , d/ ' t . : t : .
ot ARG A o) bR, Mbeiaprapuns the e of medi
condgﬁglﬁ%c%’ w&p{‘ ggnsﬁlﬁsr@ [RVESHSID cefts gkaowh faedirocells) opltich contain

rentiation factors and/or_functions by |
cell-getided ERadBCistadse dischosed. The Agplicants hrliever wdiions wisking to

for the maintenance of nonhepatocyte cell phenotype
be boundily theoryj that throsghdhe grovion ok erewh éﬁﬂfﬁg troiphyis, and/or
and/ or, prot [

it §p<§ﬁ{se§a(i i ogﬁigg%%ﬁgié{eﬂ&? tﬁk@% ‘ment, of liver factor
. . I S _faurt di t of o
secrc'a%? ﬁtghﬁtg%ngagg&reg 3@#&:{1@%&5 %lfn%% gﬁ.ﬁ%&gPé aridforl BRfdevity in

| east one
vitrd) e%%lf"mnggp hePQRREPGYFS CSinhilaripethes aipplicantsf beligveh ewithout
.droup conprising gall bladder epithelial cells, gall .
wishihaoe be csvtmidhby i theog | that conditioned tmegiat sepblg) toc prewde an
bi I'e duct endothelial cells, hepati cdyessel epi'thel | aIf il
enhandementhebdivet fastos esecapighy Hupelpn Ad/r ag figpice ot <o

cells a onpar.enchymal _Li.ver cel| Jonally wth
rhenpetype @@af(gqeggq\g@y i ‘%l‘ff Er W&“ﬁbwy é eﬁ%:i%tr zg‘g‘{ﬂl’gn)‘g t oget her,

in r S.Of | 'Rﬁ?té' ' i i 1 ted with

Al gi tgﬁgétga%f; SPMQZ*H%% o”pr %\?]il%j em a%lgid%ai cs)%%}? e?‘lrer}lgrlueneWl

allo%?ﬂéi_@ o9 &f thd endinenamicast tiver ebll fundiien faed sirhiantement of

m croencapsul ati ng neonatal nonhepatocyte cells §ng .
livekF €d1B puevivhhgs stemonstratighdheseinat &tori istanggp Bemplgnd Beremn

herein. The transpl antatjop of hepat.ocyte,cells is .
cisomenlis et oh Rl R BN ekt with
porgi%\él s%?t%mtolgﬁ ee}rln!ti% Ll SFY Ha SRR Qécr@tory cell phenotype.

Also described is the effect of conditioned media on the maintenance of

liver cell function and enhancement of liver cell survival.

The following Examples are provided to illustrate but not to limit the
inveﬁtion in any manner. ' ‘ |
EXAMPLE 1: Isolation of liver and gall bladder cells and optimisation of
culture conditions
1.1 Isolation of hepatocytes

Hepatocytes were isolated from neonatal porcine liver as follows.
Following surgical removal, the donor livers were transferred t0 a ¢lean room

facility for further processing in a cold plastic container in 50ml tubes containing
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prevasctil arised all ogeneic coll agen reservoir for the
pl acenment of the transplanted cells. Preferably, the

w0 ppsantiezievi ce is cell inpermeabl e but protei PCDIB2005/001324
secreted factor perneable, such as the "TheraCyte"

cold W@ Bl ahd 581t f S AR QHBSYS L wiltN 0,20 | Iuhare serurm. arouii
ornia.  Matrix preparations - in which cells to be

(HSAY adddd. aThetiver ecltuwere sdlaved byldagestioned] the gaincad diver via a
other matrices supplemented with natural carbohydrat ec1

majopahydificationRifadwestmrdasdtiRicaydis) colpgenpst SHEeyiions Rgpeedure.

_clots produced wth. allogepeic thronbin
Usingi a5€pHp 466 au%, dhe gl‘i%éﬁ% Homed o Proqss Tt Bigod yepsels and
transpl ant ed. Th | Jod . j ol i
comigeRre Lenip. rori TR, eERE SRR LibdRsSE0S, bfplut]in 4 Whdking
i ' is@dpedlad fipeiated twdee. The
wate? %gp’gﬁ@ @aﬁ%ﬁ? 'E‘“f]")é’?sgi ’Eﬁ% 9%5@22233 t heaér']raipr??enanc ee'
digetoP Wil Getfdriedosing bigeocdinp enixednoith the Eilotrpe® gelution to
and epithelial and endothelial cells of gall bladde
avoidrutll dwmnge ekwmgsdigastsan. ddicdiawiag the digestian piacesy e cells
non- hepat ocyte cells, and in _particul a al.l bl :
were: prised throughea siestle A08myp mesh, JuR gtegLer Eﬁ?‘kefh eﬁﬂgog{’%]fg the
. . hedig condjtioned with fibrobl ' :
isolsiamoiyer Selb s PIACF ipfocRCsRd iR B AGRS hlpdfPas described
h ctors is also disclosed. The Applicants believe,
CIC%t hout wi shing to be bound by theory, that through

t he provision of growth and/or trophic and/or

m togenic factors, all ogeneic serum provi des an
1.2 Oplintizetiom uf ohltureeonditiosdr secretory function and/ or

i o ophinis iy ot BORORR s Sl RV el and he
. | bel i i t hout..»i Shi ; )
mastioBangs Of R AREE L PR, Bt A IR Wit varios

nh liver factor secretory function and/or
ad wﬁgsﬁﬁgﬁg E:cse‘l'“;do'f cel | phenotype and/or |ongevity in

Vi t Qb BB SRS RES Wery i grownThediffdrent Equisf media on a
cul turnmg hepatocyte cells in nedia supc{)I enented with
nunibdrogf niifferent ramrfaces tdnd omi swrfaegs ceoated (Wil (difigrgnt matrices.

O sttt 5l 85 b, S 5y votome
Invitrogen Corporation, USA) supplemented with 0.5 U/ml insulin (Novo
Nordisk, Denmark), 7 ng/ml glucagon (Novo Nordisk, Denmark), 7.5 pg/mil
hydrocortisone (Pharmacia, USA), 1 ml/0.5L Cyproxin 200 (Bayer, Germany))
plus, for example, the additives cyproxin, nicotinamide (10mmol/L), and
allogeneic serum (10% by volume). The best surface matrix for hepatocyte

growth was found to be collagen.

1.3 Liver cell environment

The effect of the environment in which the liver cells were cultured on
liver cell growth and function in vitro was assessed as follows.

Cell-extracellular matrix interaction: The effect of interactions between

the liver cells and an extracellular matrix on cell viability and maintenance of
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di scl oses the effect of culturing pig hepatocytes in
medi a suppl enented with porcine serumon the

woradosvenience of a Factor VIII secretory cell phenmB2peen01324
Al so described is the effect of conditioned nedia on

t he_mai pt enance of , liver cell fynction . enhanc
cell-sprecific; YUNCHON & Vitkon Wasr@sseHeto WS ég)g%gg’gsggr g{@‘ﬂblary
provided to illustrate but not to limt the invention

extracRllulgy HalFe

bl | EXAMPLE 1: | sol at]icon of liver and g§1||
| s%?éﬁ’%ﬁ‘%% fxﬁ?}%rlgoﬁ@d' fﬂlﬁﬁ&gg%\ﬂ sténdakd pee@siivke.onslidudts of

epat ocyt es tocytes were isol ated

@ infP4a ebliggdn-veated flatkhhd asnor-oddtediflagk. DMEM
hepag%%?{]gle%noval, thggdonor livers were transferr

t
grovahGhedin (GMinstipplenienged withf insutin 0. pHoedssgivgagensa(logf anl),
| asti tal in 50nt tub I ' -
hydiBabrisood (BaE/Bb) A K0T Sy QRF) Bl SERT LS B josen
- (HSA . The l.i [ ] i.sol .
Corargabe B8 Agrvin s rimerrr SloBhER PrER bplomensation on

cell %%%gngfa%ﬂn@{c é)gthP ‘ﬂ{xelg hﬁrés)en%‘?!diagel'i‘@éecéﬂ—%ﬁ&hbélmlar matrix

I'ng asep techni que, the |iver was

intefabliBHBHa® fas&6888 Suding -asbh QoftrobdRphmcyns gmwednia eollegan-
trssue, mnced, and digested with Liberase(r) (0.2
coat88 fklk ih prewihmiedindlavkingproeink s¢u@o. rpm for 10

m nutes. The digestion step was repeated tw._ce. Th

di Bhstdroisrographs of therasdl @Hﬁﬁ@s Ne%g?i@ﬂﬁgt%wﬁéfﬂy\ﬁ@ﬁ 18 days
., the Liberase(r) solution to avoid cell darage during
m%ﬂ.ﬂg@sti on. Follow ng the digestion process, the cells

wer is i f £
LRI € SRS AR e oo
: Hg Toemed laf ¢orfhiemt vashalagemiprispectsve of the

ac egg?%g‘g@ﬁ%?lgiﬁ ‘ri:?éﬂilsZ Opt‘iwrerli zation of cul ?ute 4
preseabeéli éri absere aflbpericie sehemcin tthe egroovili meghemy orln contrast,

survival of liver cells and the_ mai ntenan%clggof a l.

hepetecyteshgroovy ga, the ebsaneat ofrddrallagi eshah a?/\/im?'FlnxV formed
kB0, P! BuShghE o6 R or it Yoy ppheiosics
oA i byl G £t eerdicyte faHEddiRe Gronahatledia was
collected from each flask every fourth day for analysis of albumin production to
check the function of hepatocyfes during culture. Results for albumin production
are presented in Example 2 herein. |

Cell-cell interaction: Human fibroblasts were used as companion cells to
study the role of cell-cell interaction in fibroblast-hepatocyte co-cultures.
Growth-arrested fibroblasts and non-arrested fibroblasts were co-cultured with
hepatocytes under the following experimental conditions: 700 000 non-arrested
fibroblasts : 250 000 hepatocytes in GM supplemented with 10% fetal bovine
serum (FBS) or 10% PS; a confluent monolayer of fibroblasts arrested with
mitomycin C ; 250 000 hepatocytes in GM supplemented with 10% FBS or 10%
PS.

Cell morphology was assessed by photomicrography after 10, 16, 30, and

37 days in co-culture. For each cell preparation, a flask in which the cells were
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Opti mum growt h was found with the nedium DVEM F 12
(1:1 by volune; Invitrogen Corporation, USA)
waapsiermented with 0.5 U insulin (Novo Nor dPGKIB2005/001324

Dennar@:), 7 gg/m gl ucagon (Novo Nordi sk, Dennark),
ulture Gin; Fg\('lo\hhé il § Bhanfee aheldfgct ok darb/dimehsional
¢ plfloxl M% ayer, giraﬁgny)) plus, for exanple, the
suppSdditthiitife OPTHRYI Bell dl OLiitaraDticns (waymalse Linvesiigated, using

al'l ogenei ¢ serum (10% by vol une). The best ,surface
hepatbeyesx gf@ﬂnhlexlganyhm emestowioateda sVitly uRtoIRY Q8- astsstesly dRiman
i .3 Liver ce envi ronment The, ef f ec f. .
fibroblastsi GBriefly, nylonimesh wae SWQﬁ'éﬁfUi]éﬂ Cf%t‘%g%ﬁﬁ‘r"?ﬁ? diprghlasts.

X |1 growth and functian in.vi -
The fibraulpst rere brh Aeseoied: BAR ASiPrlnt; HepaitERed ER Plped in

the fga;{(recfga ﬁf\ﬁ :rﬂés‘f{ "?rfftéx‘)@ %a??tgﬂf ks h\?aé iehed abids feRt Bedium

ar matri x on”’c viabi ity and mai ntenance

and@ftﬁdaﬁ@@‘i“kfsk? function in vitro was assessed using
ol 'agen as exenplary extracel lular matriXx,
HeNehoekesl fibrablastel qiicklyf ovdrguaw diepatocytasndbrells formed a

conthmki amenclaysr cobent 45k GMd WAUKGN- 667k od TPFagRIBBERsk with

hepAgRCy B TG 0L JEPOLES TREBH 77 Bob) 2k ta o

ol ISR IES0 ppeeggmnal
o T ol Aot

10% PReprstnted beiter ansgphodogy wetnpgred ta qedlst o GM supplé(mented
hepat ocyt rown in a colleg

_ es . ) ncoat ed ,fl.ask i

withd it Sk Gl s ascrRSLRh BY SROSIP Y e, Boffla! after
ce C ures were taken after 15 days and 18 days i

culﬂé%msﬁﬁrgi-gl\i’e th 15 and 18 days of cﬁituri ng, e un

25@}2@2&@?@?)&%&%@ t%z?kﬁap SETP&1 f Qupsifémentlion of growth

_ _ rirx fornmed a confl uent nonol ayer
medid MGRRCGhiYEs Oferd hen PhEs ¢ ogrosithennd Hhdimgeneac assessed.
serumin the growh medium In contrast, hepato %e
g& asks under

st €0t e g e

the Soyawing aperprnalcoonditiontn: GV SHEREIRBRE, 3iffi3% porcine
serum (PS) and 5% Sertoli-conditioned growth media prepared as described
below, GM with 5% PS and 5% pig skin fibroblast-conditioned growth media

prepared as described below, and 10% PS.

Sertoli-conditioned growth media was prepared as follows: Sertoli cells
were cultured for at least 24 hours before growth media was collected and filtered
through an 8 micron filter to remove cells. The filtered media was then diluted in
a 1:1 ratio with DMEM before use,

Pig skin fibroblast-conditioned growth media was prepared as described
for Sertoli-conditioned growth media above, with the substitution of fibroblasts
for Sertoli cells. The pig skin fibroblasts were isolated as follows: Pig skin was
soaked in DMEM plus cyproxin, and fungizone, for 20 minutes, then cut with a

scalpel into small pieces. Pieces of tissue were then placed in a standard culture
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observed was evaluated with a test on hepatocyte
function. Gowmh nedia was collected fromeach fl ask

wer@spofieurt h day for analysis of al bum n prodeCT/IRM0Y(1324
check the function of hepatocytes during culture.

s SRR AR 48 e 3 Ao ehcEsopbre,

uman f1 brobl asts

- . i f
piecef 0f glg%%fjwlﬂfﬁ CQIBFEY %eﬁx"e#x{.wﬁ% sl ydhditng ob ehefflash were

eractidn | asM epat ocyt e
wash@&,‘zﬁi&fré&l?grov@l%émuﬁi was fadded.i br obl asts and

non-arresteéd fi brobl asts were co-cul tur ith . .
heshaiplayexation o8 grovwith meizowithgl 092 Fax Pﬁgg{f Es and 5% pig skin
conditions: 700 000 non:arr.e d,fjbraebl X .
fibroblasteorditiened STaNth u@&?}@mw@@iﬁmb? e&@%’?@’%’%“" B@%@H@pq‘m

erum (FBS). or 10%PS; ¢ ;
suppiorrBBisIs Ok eE RoTRa W i o7 S 2 RS e Rbpitioned growih

he j é&% Qﬁé}g it frad QiR after LatuRASg for
med‘éeﬁéﬁoﬁépﬁgfyogil%§ assgsse ﬁ%{/dgg}ﬁo?om%%rography afterg
two tthrddwedls. and 37 days in co-culture. For each cell

preparation, a flask in which the cells werecultu e&a

i nAsslysts bf etheGosphologydofisthe eelis ria| culis é}tl‘t"éféé t for

a -ainensionai suppQrt structure on tg

| - I .
hepatowybe adatibitys andh graw o wyedt SupRlEenty Sﬂgﬁi #oiibgrstiggvith
allogHartt (tEGh St _%vhaéfgorgfq% ,1‘éﬂnt§>[bg§p;§ei§%x&hmggﬂ i85 68tal bovine
sorufi}'C $EREHhbl GaRbReudtici ol R MRowIPRtiasith cfther 10% PS, or

bro en arrested with mtonycin.
5% F?sataagyts% wieblabiacamtliiiondd egfovethk media twas npreferable to
After 5 days the nes.h was washed with, fresh msgiu .
supplementstionntith 5% pardineastcrumornds? foederéli-FPRIGONge acdia.
gui ckly overgrew hepatocytes. Cells fornmed a confl uent
nonol ayer even in GM wi thout sera. The control flask

i th,hepatocytes gro e i npty
1.4 Botations SBuge prenlppt P ld ahd Y Bl BLETR Y
t hee s HAPeidH SINPOY t whepatqiyked following the
suﬁ&gﬁg%ﬂagﬁ%c%[dg%&m Wi t hy arrested fibrobl ast sg
prod'eﬂuﬁ\/b? Rl 02001 ) withaiRSqllovsisgtmodifisations. Briefly, the
nor phol ogy conpared to cells in GM suppl enmented w %h cytes.

- livel O%4sFBS. intoe binalli pibces, apd ¥ ashedothies) UBIES HO IRA Y

Tisscilltcl,t\I’vra]gilt‘.he%f Eﬁegrest% l\%li%fl&ﬂ%&lt&%é@z(-&ﬁ\ﬁ\egﬁﬁﬁ'for 30 min. Digestion was

stopped with 10% porcine serum. Hepatocytes were sedimented at 50 g for 5
min. Non-parenchymal liver cells were sedimented at 600 g for 10 min, and then
washed three times in PBS. Cells were counted, and their viability was checked
by trypan blue exclusion as described above. Cells were plated at 10,000
cells/flask. At day 7 in culture, the cell count and viability check was repeated.
Supernatant was collected for albumin ELISA and Factor VIII functional tests.
10,000 NPC were isolated from the same neonatal pig liver. Viability of .

cells immediately after isolation was 100%. Maximal rate of Factor VIII

_ coagulation was 0.2% at day 5 in culture.

Epithelial and endothelial cells were isolated from pig gall bladder and
liver vessels. Briefly, gall bladder was thoroughly washed with sterile DMEM to
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Optim sation of growth nedia: The effect of
suppl enentation of growmh nedia with various sera on
whe@aneayt e grow h and ructi on was assessed. PCT/IB2005/001324
Hepat ocytes (250 000 cells per flask) were grown in
95R i i | o ihheibbelsk@\iung mg/mi) Tor sv min.
remogé’lBlel.,i, n gfﬁlgg%%iatﬁ???%é:é wé%{}%l emeni@é(d W tgé 5{%) .
CellsRR&E! 1En P4 (FiRh PVEENI:Eed tislds: oCeilicoiohend giahlity tests
medi a prepared as described below, GMw th 5% PS and
were Biiormedinmédiatiplofist ambtivn, e a4h GhAY o @iy 16, and day
prepared as descri bes ow, .and 1Q0% PS$.6 :
28 inSelinoe Celluerd B By OSSR TRk 4 %igpﬁ?l&éﬂaik Alburmin
follows: Sertoli .cells were cultur I; st 24
and FAQUF selssenicprthdrets e pesicton pE e BT o oc
t hr.ough an ), &0 ofd 0 % arld'diver vessels.
£ oo1e 80 00% Rl ik fpleted roted pAETEAE HIdeY arkd iy th =
i I\{lngxﬂ SffterPiselasichnwhi 00 agifter ol idayoriedeulture, ce
Vlabg‘r\(ng rrargircﬁliﬁzllyWaserprSepared as described for
SUrviST a0 kw8 IB0% | Marimair albumimproductionyess JiXTHig/mi/4h, and the
substitution of fibroblasts for_Sertoli cells. The pig
raxiskl mate of PastersV B wepgulption 3ash 3% f ol | ows; Pig skin
was soaked in DVEM plus cyproxin, and fungi zone, for
20 mnutes, then cut wth a scal pel into small pieces.
Pi of tissue. | j 1l markers
EXANBIGE 2 It Bl b G B Y T AR el maer:
AT UBG ghe Qﬁ{%k viferiet! hepitocpiceeelis odnd immsrhepatoeyte cells in
renoved, Yhe remai ni ng cells adhering to the flash
cultibe Raites R deverafadtot rsestetgryofurictiond thenfolkeyvingoexperiments were
Suppl ementati on of growh nmedia with 10% PS, or 5%S
condarctedb% pi g skin fibroblast-conditioned growth nedia,
yi el ded better hepatocyte viability than
Albumippeer@i®at i on of growth nedia with 5% PS and 5% :
Sertol i - condigt i LW j | goi hepatodxes. In
asé@@@@&l b]3§ m)ér %ﬁ%ﬁ%g has ptgﬁe?rnal a ttg(FI cgltugr)i ngﬁfor

wWeaksds, AR ¥aé Sofdkedrbdonuspafiiumey dfopsheapidly
con\z:égﬁog@ll tr?la%tgﬁ ure shsovved that for hepat ocgt e viabilit

duriaf Cudiuewt Heputvéte albwnimpbesretiontwamussd betsiit ps rﬁetﬁSb¥0r the
wth al |l ogenei c (porci ng%laserumr;&aggr fel{l%%e to 1

maistenahearefinermehhepatacyte dbaction.a B MEHGREESOf & Liver
suppl errentt at i gﬂ’@?f .ﬂro h nedia with either 10% PS, or

cell phierat YRR al OS s fBO B £8t™ MBS ndi t i oned growth medi a was

Facz%rr(iflfir abl'e to '

The liver and the reticularendothelial system are thought to be primary

-

sites of Factor VIII production. Liver transplant corrects Factor VHI deficiency in
persons with hemophilia. Factor VIII is secreted as a glycoprotein into the
cireulation as a heterodimer. Factor VIII production may be used to characterise
liver cells. Factor VIII present in the filtered supernatant was measured using the
Dade-Behring clotting system (Coatest VIII;c/4 from Chromogenix).

2.1 Albumin and Factor VIII production by liver cells
Hepatocytes isolated from neonatal porcine liver according to the

protocol described above, were cultured in the preferred liquid medium for up to
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suppl enentation with 5% porci ne secrum and 5%
Sertoli-conditioned nedia, 1.4 Isolation of non

w@asosnetiyrral |iver cells and gall bl adder cel | BCT/IB2005/001324
Non- parenchyma! liver cells (NPC) were isol ated

5 wekfh Pk ISR EHALE: BuuPtdemies e bRionatfucr

y, the liver was

| i i three times to
VI R e s oo

Tissue was then digested with
Li bonasl hepacgs/ per) flagk wafle niulturéd geshidiunnespplemented

st oppéd vv‘itg 10% porci ne serum_  Hepatocytes v$re .
with sdditivest eSupemaiany fiom te: auliresells avantamand pad discarded,

e S AT B, B e
addegdobe ity Hablsta 2 RF SRGMOY of HRRE wis ifhuRdiaAYy FBmoved
fronﬁﬁnlglﬁésﬁ{ -?t?déﬁsee@fd}aa}’ bdselife GHédsuf@nerith eCeld whess tenaimdubated

was repeated. Supernatant was

at 3P k&Ch edubor AgtdrusitubdionSAuperdatant twas odlldetddy matdi fitered to
tests. 10,000 NPC were isolated fromthe sanme neonat al
remdVegedllular debrisabAlbunyingiresasit fin therfiltarest Sippragtag, was measured

i ot B’ e K Sl e
a endotnel l al, C
PGB S e eI BFSURL 57 R Gt ws

rowa
thor I bl M torenove bile, cut
meaﬁﬁggq%ggg]set@g%ﬁg%%gtﬁﬁ% tsgs%ihdoger ase(c) (u /m) .
ror FfBHuc%h' SofWeRgctbheVINaskes wbsérvBlEMMithr eeellsi nproducing
Cell count and viability tests were perforned
considembleagatytitds efter Lowatkoin caluregafnmaintymng they gptput of

16, and day 28 in cul ture. I'ls re plated i 5
Factor aVRE far Bsweck (¢ [EReady. i fimea i EOpffiaehe was
rel eqse functional tests were performed at day 7 in
terEPihre. 31 x 106 cells were isolated frompig gall

bl adgler i g Rviet tay 41 dicricd yawd aeFactor
isolqggi %%B%Sf??g%tﬂﬁlte%zﬁo% g?f? in cul tlcjtj}e, cgl‘l

VIIPV&ME\@P:@%&M@SS% A Yorekblond levdlamiSingsr hedalf bfe algEactor
2.27 ug/m/4h, and the maxi mal rate of Fagtor Y

) | .
VIIE da dminadsi bloagais 36 Asaurs,ohisaaie prodastien ds oiery éPfJ%fﬁﬂtlal- It
f I ls: i .and | k. )
ol i T el b SRR B8 RO 5, Sl pesroove

prqgaerlaligns'; Vorrelates well with Factor VIII production. Albumin is a typical

liver product, and production of albumin indicates the hepatocytes were healthy.
These results indicate that neonatal hepatocytes are able to maintain a
secretory iiver cell phenotype during prolonged cell culturing.

In another experiment, media harvested from hepatocytes grown under the
various conditions described in Example 1 above, (and reproduced below) were
analysed for albumin content as a determinant of hepatocyte function.

1- Hepatocytes on mitomycin arrested fibroblasts in growth media supplemented
with 10% FBS;

2- Hepatocytes on mitomycin arrested fibroblasts in growth media supplemented
with 10%PS;
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culture maintain liver factor secretory function, the
foll ow ng experinents were conducted. 15 Al bumn

wae@serdien Al bumin is the major plasma protei NPCEB2001324
by hepatocytes, In conventional culture nethods, the

- Troh# h@’ tiRhrrdbed FivRoBasRIn oWt yedur Wigout
3 H:??%@S?ISS Hepa?o yte al bum n secretion was used herein
s@@nf skest for the maintenance of normal hepatocyte

AT R E S R AN ey

S Bt SRl S o SRR S and
S BRSPS s | 91 €1 ency 1 persons

G- HIRUFRRAEL 5 o (8 R B pp R VTS and

0 characterise

S, Seftof onditidrRdcalls drbwiipmedént in the fil tered
super nat ant was neasured usi ng the Dade-Behring

clotting system (Coatest VIII;c/4 from Chronobgeni x),
2.1 Al bum d Fact VI tiqn. by, li I
” st Tuspin soyeds Wes A BRSO nat it of Supfifplghe were
di h t lw ,d .hed
taleeB e e 1 Kol dr dreRRoa T its T SEEnRant, from the
cult%i‘rgggg%l? il Bt A2l @%&Ir&&? nndSuliessy whrdwakiedewith RBS. 5

ion o act or and al bumi n was then

ml FLEWH ARG ifhout ssvem 328 (kiDaduedat Adymbaligeot 6f gk growth
re cultured in nmedi um supplenented with additives .
medSy pwasaimmediately ttaker ufromy ediec dlask, vangd rasedy dor afg baseline

o B T SR Wi T o
.. A L f ' i masedi

housse ek PaRfoma e T e P add FRELR! € demove cellular

debzﬁg.ﬁféﬁlﬁgﬁ}t Pr&%'nﬁ: SnWHRY GitbRAN sifHl@he dvad ndd8Giddousihig pig

I'ncubati1 on, supernatant was coll ected,

albuinE TEILISK edot® KamyKomabidtethy atebrding £ biwei manufacturer’s
present in the filtered supernatant was neasured  usin

protobel. pi Gratviuninedifl IpSepatod erkiaccudsnedi Withc H)e rsIgiaR cYiture
the manufacturer's progocol. Factor VLI present in
congifions aschen added i fieosiskader coiiinted culturfig**™
As show in Figure 2, the highest albumin production was observed in

cultures supplemented with porcine serum (PS). Hepatocytes grown in media
supplemented with PS on arrested fibroblasts yielded a maximum albumin release
of 19.5 pg/ml for 4 hours at day 10 in culture (see Figure 2). Hepatocytes grown
on collagen matrix in GM supplemented with PS showed 2 maximum albumin
release at day 32 in culture of 38.3 pg/ml for 4 hours.

Maximum albumin production for hepatocytes grown in GM supplemented
with PS and with fibroblast-conditioned growth media was 3.76 pg/ml at day 32
of cultire. Maximum albumin production of hepatocytes grown in GM

supplemented with PS and Sertoli-conditioned growth media was 4.56 pg/ml at

day 13 in culture.
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measured using the Dade-Behring clotting system

Production of Factor VIII was observed, with cells
w@e@dogilny consi derabl e quantities after 2 weeRGT/IBR005/001324
cul ture and maintaining the output of Factor VIII for

ﬁaﬁ‘?ﬁﬁ rﬁ{eﬁlgi?segi&%ﬁtﬂa)w ahatieatddyt® funenenpeani aewsse vy

e out put of "250,,000 hepat ocytes over

albux@' 1 ctiBAT ae L@sy trantaasidowhenl theviapatocyies Werersgrem in
:5%8 normal bl ood levels. Since the h

[ £ L of .,
collab@t beatelflasks in proveth inkdiacsupplaneniod mﬁl ﬂﬂ%si’gatfg liyer celi-
production is, very substantial. It shoul d,al so. be m are
extranethuldr t ratrix HatgrRGHR AHERER By FHESEC S

. hepat ocyt e preparations cetrel aie i3k h i
imporkapt. 19F JHECHRONERRICELY . 1o, EpPadiorype dh Iomgidn tissue
and greod ' I i Al iliherdikipeat oexi@am liver
cultuge, ei)thésallé%h{i’/&gq‘g{ggg s?%&gﬂu td_sd?flaz%%sg?gn_t Egt neonat al
secréi&ﬁﬁfaeﬁﬁ-& ﬁ%n@ﬁ%egh?&o%yt@cd’rﬁtﬁmﬁem aecordingetodh invergion.
cel’l phenotype during prolonged cell culturing., In
anQhgiothep experment, nisciracdllsr wees dolated irempmale pndsfemale

grown under the various conditions_described a .
largel Wihifeandrace exoss dtresetal HpEs\ACCRENBE 10l i 8Bckibed

al bum n content,as a, determ : Ayt -
aboveu R WIS IE b &) RAITSHY iy 1 AP ERGIRGA' 25 om collagen

fibkobl asd:s_jn b SHARIER&D R Hnl1@Yhiafdified
coatgci At @éé?{ﬂeag %ﬁgm ?%mlle% arr egt ed fa?b::’?)gﬁ asts in Kf
incuBL@MiD BB diRoSHRREESEOSE afi- tihd ISHPEC,. Celimiverytedtued in

mtonycin arrested fibroblasts in growa n&lal a_.W i noui,
DMERI/RIL medin, dnd Hofiaparcineessrom. cAfisads howsnthe ¢ells Baerinsed

medi a suppl enented wi th. 10% PS; 5_Hepat ocytes_on
withc BBiSagath foasht culturgr oagia W@aiafdgép SFiEsB s an Shspaently

and 5%f%5éobl ast 4: ditioned growth nedia; 6-
addedbovary &P aY3as Be¢ %en coat in growmh nedia
supp| e | n?eégo ﬁ)i forSRehiOhhd Fao@k VD eslease were
cel klmg&%{vﬁ?chéegrer%@a. u?ﬁnBﬁngg{Orrl?Snt was anal ysed as . .
pmﬁl)ﬁlﬂ%g% 11, A, | 0B Swedkssarp desvaibedt abuwee Cellknumbersdayd Fiability
, , 13,732 7and 54 of culture. First, supernﬂt atnE 90%) at
wasf alsondeteemined. The viability of the porcine cells was excellent (> o) a

all time points tested using the current methods (see Table 2.1). During the initial

24-48 hours post isolation the numbers of viable cells did decline (data not
shown), However, the numbers of viable liver cells increased almost linearly from
that point on until the conclusion of the studies 3 weeks later.

The maintenance of liver cell function of the isolated liver cells was
confirmed using albumin and Factor VIII release. Both albumin and Factor VIII
were detectable 1 week post isolation. Quantitative determinations demonstrated
that, on a per cell basis, the release of both albumin and Factor VII increased
markedly from 1 to 3 weeks in culture (Table 2.1).

Table 2.1: In Vitro Characteristics of Isolated Neonatal Hepatocytes

Time Cell Viability Cell Number 10° | Albomin Release Factor VIII
Release
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cultured cells was renoved and di scarded, and cultures

were washed with PBS. 5 ml of growth nedia wthout
wa@eosv4es then added, Al m aliquot of this BCDM22005/001324

media was i nmedi ately taken fromthe flask, and used

L After—H er-rratant—was col T ected a

L the fil

for—a—basettne measurenent_ or_ al Eﬁum n product| on.
Post Igatitior wer e thén i ncubat@alifstatignoC f oF#BUr hopr s (mU/ml)

; nd
it ter efl 9103 (GOREBD)clel 108502k ifs. 1A BFDn pt eddrt03 )

meagured using pl g
2aluni n| EMRAGBEB.4 | ( KOKBDildd e h}l.éé?e%llﬂghg t -3 @e-3-D

—ehufactur-er—s—proetoco—G-owth—edira prepar e

01N ‘
336 0r dances M{IAD-931 bri gio@l3.25u! t|R%4 @6Adh2Y ond 1 RALL3-13.4)

t hen added. to - tha flhecke for ocont

. + = asks—er—eontinued ok , RS

Data falpunsingng Fagtop VI e@?ﬁ&%%ﬁpr%%?ﬁ Wrrgr o#gbc |é£1%' was
observed in cultures supplenented with porcine serum
(PS). Hepatocytes grown in nedia supplenmented with PS

' akasts yiel ded a maxi mum al bumin
2.21&2?%%rgﬁ%f€ﬁfg{t?%/m for 4 hours at day 10 in culture, .
( SedoEygiine @pen HEGE) oty @ enonytanin QIFARIS RRIGEN ALt I8; ¥sed in
in GM supplenented with PS showed a Xi my I '
clinieall Gt Lo coapates VAT cnetps, b o s SrpRpAad Kyillstvely by

hepagq%g}&;i:mz‘; L“SI_S#@ ErE S el b iO7 RECEY! Bifferentiated
nepa SRS PRI R Pt w2009, oo srsens
studgggggﬁlsggggé&r SIICG wal ssedpioe tenkifyl hepatoch@saimdculture in a

I'tioned growt h nmedia was 4.56 ng/ n atl day
scrediing nmetdiddinte. Heatify rtheubest cdares coadiionmor the long “term

_hepatocyte iunction, as assesseu uy al bum n production
maintesansssaf hapatacytnBHCHRBn t he hepat ocytes were grown in

o KGOT58n S8 5% SRRl oSl B o aeh Rt el vater
and AR BERR AR 10ACPS! “REREGADIAICPHAAdeR o U eclbculnure

mal nt enance of a liver cell

flasl Eﬁ&‘ PlotdArddatl IMQ fop Birhins Aufeerahie flaske wastrinissd ¢hgpedireds with
that simlar conditions will produce maximumliver
PBSs ettieeicellylat anptaks of I0h- Wepatxseyined c by | muenoseonss After the

examinasion 84 BAEWBS FIGH AR STARED SRA ol o | af ge
Vﬁ&%@c&%@%@é e afititation] N RbAed RinAef Hepaltyt®d ShSwed that
approximately 50% of cells were ICG positive.

In another experiment, ICG uptake by neonatal porcine liver cells cultured
in media supplemented with 10 % PS in collagen-coated flasks was determined.
After 3 weeks in culture, the percentage of ICG positive cells was very high and
ranged between 80-90%. After 4 hours of incubation virtually all of the cells
released the ICG that had been taken up, wherein said release is a marker for
release after metabolism.

The maintenance of liver cell function in long term tissue culture can be

readily assessed by ICG uptake. Furthermore, administration of ICG to liver cells
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above. Cells were seeded at a density of 2 x 106

viable cells in 25 cmcol | agencoated fl asks (Sigma,
wWQBAF/0ane2 wer e mai ntai ned at 370C i n a hum di f PETIB2005/001324

i ncubator in an atnosphere of 95%air and 5% CO Cel | s

in tiVSleConiibukes vsafdVEMhEaslogsdicamanipllaiiper celhdunction and

serum After 48 hours the cells were rinsed with PBS
conttslthephareRtecdiffarentiabati ix wire. added. Fresh nedia was

subsequent |y added every 2-3 days as needed.

Functional tests to nmeasure al bum n rel ease and Factor

VIH rel ease ,we f t 1, 2, d
23%@'@%&” ﬁd@neoﬁgﬁg@% Sand vi ZBI I |3t ye%z leso |
s r%riaggg%f“fhg?;h%c{e‘i:l%ﬁré%fusteﬁ%lci%l‘&té‘ﬁvé@bél‘ﬁs g tissue to

olnts tested using the

the %ﬁx&éﬂ@d@é@ﬁ@& cee Fud@iie was besesed,i wgng Heactori VIHI secretion

ours post isolation the nunbers of viable cells

and @u&tr}dﬁpPrda@cf1data matkesh fomdecratoneliver celhdunctiaser dherability
VI abl e

|
e G i
o B e S el e
ct VI. 1 |
cell pEadiympiin C&f'ﬁkeeﬁigsls?%ﬁg%s?&? ‘on Guantitative e
de@ﬂﬂ@@ﬁdt@f‘fax@%@fé tol@)f pitldthahd @R gppokimstkely Basioath old

the rel éase of both albumn and Factor VII| increased

pig Wik askd/irf thenfiollodng experiments. ffhetsupermm lof czltmyed cells was
. Table 2.1: In Vitro Characteristics
harvstada sl mlemmd)cgn@ﬂbumm gekeagse gy Fﬁoﬁgﬁﬁ& &%P"n&l tests

VI LI

I
(ELEB o 89 R0 B eEp e T D T ety Gigre meficfmed.
10 38 st HePBRlsE Rl RIpIRaREC (1 P % .”'m°‘3;t ed
EXCﬁiegé%g&veise@@ NebREE Bfr Nond eondtaG pigt iker felfowing our
een to identify differentiated hepatocytes from

staridagd Npecellard ndeseribed ehéreimaduitlet twid , 100BIE) of| wigession with
resent st udy ceI | ul ar g&t ake of |CG was used to

Libeckse® (02 meémi dsalation.cells Wers spnied pad plated
TR oy A A

culture, and viability was checked by trypan blue exclusion as described above.
Albumin and Factor VIII release were assessed at day 5 in culture.

The producfion of Factor VIl was measured using a Factor VIII
coagulation assay (Coatest VIIL.C/4 from Chromogenix) according to the
manufacturer’s protocol. Percent values for the rate of Factor VIII coagulation are
relative to the rate of Factor VIII coagﬁlation at normal blood levels of Factor
VIII.

37 x 10° hepatocytes were isolated from one neonatal pig liver as deécribed
above. Viability of the cells immediately after isolation was 98%. After 5 days in
culture, cell survival rate averaged 60%. Albumin production after 5 days in
culture was 4.45 ug/mi/4h. The maximal rate of Factor VIII coagulation was

0.2%. Staining with ICG was used to identify the percentage of hepatocytes in
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| CG was used at a concentration of 1 ng/m dissolved
in 5mM sterile water and 20 Ml DMEM with 10% PS. The

wo g@5s9d162 i on was added to the cell culture f|BSRIBGE/001324
i ncubated at 370C for 15 min. After the flask was

ot GUARES 2 59 GO0 R8s, ot Bl a4
oo oscopi ¢ oxam nat  on of isol ated neonatal.
heNahqrirenshpiabdivarhetlla (NPEY i wiereelsplated LEamcitie) same liver
were I'CG positive, anot her experi nent
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t ith 10 % .PS.ip coll -
ceporatetesh ATRuS, Hhshle ESNBE, FODRRBLFBRPLHREAR S procuce
L £l it i .
FaotpE T flerd e aBOAOHE pBipTmtRly 05 Yarllo SADH of Factor
VInVad héﬁitk@é& | (aBfrosdi@atedl (5295 with eaboub eorieaBitchdte kamunt of
been ta up,

erein said release is a marker for
cellg el ease after netabolism The maintenance of Uver cell

function in | t ti | t 5 di |

o abnudontashaiel v oo ol Tl eter oA BH Yyosels
wer@ﬁoml o t%o | b“é{éé@ ggi,lrgl S (B\@%@lsgégﬁ g%cgylyhgrgf Fﬁ)?lbl% kﬂrscﬁgf‘é atgd under the

' [ ¢ttron an

contral..h t i §f i ; lation,
cuts G Rl GREEET 8 sRhithRHRE MBAAPYd® of et VI cougulaton
at3.i7 ortance of the procedures used to isolate |iver

ce

1s fromtissue to the maintenance of |iver cell
functi on was assessed, using Factor VIII secretion and

al bum n production as markers _for secr ry liver cel |
2.4 BroliférationTof hepatacyiesoind JHAFHERARES ﬁ’zfﬁ( lpag term

fromthe liver, and epithelial and endothelial cells
culturédm gal | bl adder and |iver vessels, to exhibit and

Maial e s 3oLl %&&é&ﬂ SetfiGh 1oggedﬁat ¥ieurencsnitions on cell

sSed. € neonat a ne week ol d) piglet,.
progﬂa;i' RRFaRPRQ¥oFR Fehotich wert dssedsddpi g were used in the
0

ow ng experinents. The supernatant of culturegqg - '
cel(dl waslifeantient dbomstal rtpatacytes wWieee asalaiernagaoréngeto our

d F VI f [ | S d .
stanassyunedhipdndesseibedsheredbr | BUHOVNE AETT, Weiss pesed 1 ffesks, and
cultilgeé gg%gqy@to@dn&%ﬂie{ &?pﬁi@ﬁ%ﬁ%dt&ﬁﬁo% RS $PoRfdrh@oieE cells in

culture was determined at 1 day in culture, 7 days in culture, 14 days in culture,

and 21 days in culture.

The number of viable cells, relative to day 1 of culture, in growth media
supplemented with 10%FBS was 20% at day 7, 203% at day 14, and 287% at day
21,

Albumin release: Hepatocytes in growth media supplemented with 10% PS
or 10% FBS were cultured, and albumin release was checked as described above
at 1, 2, 3, 7, 8, and 9 weeks of culture. Pig fibroblasts in growth media
supplemented with 10% PS or 10%FBS were used as a negative control.

Maximum albumin telease for hepatocytes cultured in growth media

supplemented with 10% porcine serum was observed at week 9 (19.1 pg/mi for 4
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Hepat ocytes were isolated fromone neonatal pig |iver

follow ng our standard procedure described herein,
wawdaok/o94a62 r ounds of di gestion with Li berase(r)PCT/IB2005/001324

(0.2mg/ M) for 10 mn. After isolation, cells were
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r ehgé‘%&w%‘élp v?a‘iﬁl@@sﬁﬁdﬁ? Taf dultive tndicated. thahéhe hepatocytes
production of Factor VI1l was neasured using a Factor

LS
werd/thiaped dukialg te mekdion Gept eHiowaver,: @dprfthgss conditions the
Chr onobgeni x) according to the manufacturer's protocol.

hepararytenwerctbledo resoverand pralifgrattact or VI 11 coagul at i on

R, A7 e ] g e i
o RTLRSH E3n0BE Bl R O AN ek i

e cells inmedi ately

furideP tRdde0 ESRitidhd Gvep cdiyfunction ubtovered ctdr 8-9
howggéxsiu\}iéﬁ’rtg%ég g\%/lgt;ﬁgged 66% Al bumi n production after 5

weeR@iBculfureu! ture was 4.45 ug/ m/4h. The maximal rate of

Factor VIII1 coagul ation was 0.2% Stajninhg with |ICG
wailepatatytes iisatods andheuluredesadesatbede r?é{loi’gfr‘t Successfully

incell cylture. 43% of cells were I i d '
cltiiBinia M egieats SHAsH T, i R finifpdfe seorctory
Non- par Y I1's (NPC) were isolated from
f‘mqt}?él’g%éq%%gﬁk’ﬁ%‘{esﬁgﬁghepat ocyte isolation. Cell
yield was | ow, as expected from previ ous reports
(Gerlach, 2001), Despite this, NPC so isolated were
2.5 tmimpidpvrokidape oell chafmuterazatidn , and indeed were

produci ng approximately the sanme anmpunt, of .Factor V||
as Awpamnanyropergrgpseoximetitad y i@ dagingnish giffarent liver cell

-third th [ 1 Li .
popltioms l,eifﬂll n gmt@ef‘%?é%egﬁiog% ' drayjERid Hd) deorid pig livers were
.Vesse .
staifie? offieh, MEPAigh e Bhéiic | ARG Andd N WA WHRaEG ator o

o S By, DSt Cappaiatocs vt
hepafistyteaanti gareaake pibkéxatict fop matnrd epptocyites; von 1llebran3 factor
for endothelial cells; vimentin for cells of mesenchymal origin; and Factor VIII to
identify cells that are the main producers of the factor.

Freshly isolated liver cells or tissues were formalin fixed, paraffin
embedded, and sectioned at 2 um. Unstained slides were deparaffinized in xylene
and hydrated in graded alcohols. Slides were treated with 0.5% H,0, for 5 min to
block endogenous peroxidase. activity, Sections were stained with primary
antibody using the DAKO EnVision System according to the manufacturer’s
protocol. Sections were incubated for 30 min with primary antibody, followegl by
30 toin iocubation with peroxidase-labelled polymer, and 5 min incubation with
substréte-chromogen. Slides were counterstained with hematoxylin.

The following Table summarises the characteristics of the cell populations.
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cultures The effects of cell isolation nethodol ogy and

culture conditions on cell proliferation and secretory
wo eovsodam wer e assessed. Cell proliferation*. MNeDHEDE001324

hepat ocytes were isol ated according to our standard

met hod descri bed herein. 250,000 cells were seeded in

flasks, and cultured in growth nedia supplenented with

Tab%@@@ﬁarﬁ’éﬁﬂzfaﬁmtofdﬂell)fl‘ml l's | n culture vas

et erm_ped dav in culture ve in

ddlSypen cul t Hepatoeites 2 1Gﬂh§l§dflﬁ' du gqtgeha}‘-ﬁeéfs unlgg?hfrom

of viable tells, relat nglthéha@@éﬂs fbmaives visls | N Liver
growt h_nedl a suopl enented with 100 S 20% at—ahan

Albuniin se@8dérat | Besjtie4, and| BBRbsat day| BRFIVA buni n | Positive

releases ghocytes WIT TTEOp R EPPI €Meni Békitive
Factopy Wi re4G0R Pe B Ry FBS| DA oeul t Ut bt o ot b

ICG UphRASe wa$ 6omeeked as| de%dwsitied apelePatitive, 2 p<30fes,
and 9 weeks of .culture| Pig fibroblasts in grow Bogitive
medi a suppl| &A8HY%d with 10% PS or [0%BS were used as

Immimop&EBaiasée | control - Maxi mum al bum p rel ease for
hepat ocyteg cultured ih growth ned|a supplenmented with
MarkgG% por ci n¢ serum was ¢bserved at fweek 9 (19.1 ng/m

Alph];t ?Hotoém&ﬁs) Politild Se i n|alefaiven progNegdtivn was obdepard

ne gat i.ve control, bum n
Cytol§€flraftyl%g/i my/|¥egaiveneek 3 I%QE’S'E?’GQW Wéﬁaﬂ%’he | ow cegﬁﬁ'g
Vlmcﬁi gbility ctNéégva of wegmve |nd| > Rbsidvet hat t he Positive

epat OCyT es were da i ng h i cal-at

SOT AU T UTI DL CIJ

HoMRE = Nongarenchysal & ﬁﬁfl@ﬂsons the hepat ocyt es were
able to recover and proliferate. Al bum n production

was i nhibited for several weeks in culture with
n eas 0 ,%r an that described
ngjpsféww F’éﬁ'ﬂ %Zéﬁgtha@v\é\,/&er it C{ET these culture
Cor’]f(ﬂ %ﬂtvﬁis %SLdulﬁuHéEtv@Imme@mbrmdonﬁtw nBachepatocyte
ture, Hepatocytes isolated and cultured,as

celld gﬁamdpaﬁa cblts andt saxikisditteyeffetts oneblaater YAl Ir@r@ﬂﬁcuon. The
hepat ocyte functl on, _i ncl Udltg h;jver Qﬁ@at 0oC o all

dats sumanarisedt imcEade, 2 8oshaws |thak Fagtoke on is generally

markedly increased in co-cultures of non-hepatocytes with hepatocyte cells.

Table 2.3: Effect of Co-cultaring on Factor VIII secretion

Tissue or Cell Associations in Co-culture FVIII Released
| WU/ml

Experiment A

Lung Tissue <0.1
Lung Tissue + Hepatocytes (0.5x10°ells) 0.35
Gall Bladder Epithelial (10° cells) 1.02
Gall Bladder Epithelial(10° cells) + Hepatocytes (0.5x10° cells) 0.48
Endothelial (10° cells) <0.1
Endothelial (10° cells) + Hepatocytes (0. 5;;106 cells) 0.97
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2.5 I nmmunoper oxi dase cell characterization An
i mrunoper oxi dase nmethod to distinguish different |iver

w@edos/opapul ations in culture was devel oped. AdRCT/IBR0¢S/001324
and neonatal pig livers were stained with hepatocyte

specific antigen and for von WI | ebrand flact or to
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eytokerattmfor mature hepat ocyt €s; von ['1'ebrand
factor for endothelial cells: vimentin fdr cells of

Exp dpaemcBymal origin; and Factor VIII to identify ceIIs

that are the._nmain nrnHunorc nf th f oot oy

ract Ul rlcbl

Gall Bladden Epithaliph@5x 868119 or ti ssues were fornalin fll(;,%sd
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Wwer e eparaffinized in vl ene—and h\lrlr at-ed—in

Gall Bloddis Epathalio615510°slk e Bemmeaciicy el@aeli t | 0. 5% 2%

ST T R R T e

DAKO EnVi si on System accor di ng to the manufacturer's

rotog est-ehs—were—tnactbated—for—30T W th

15
Endqheligld0’ &9 body, fol | owed by 30 nin incubation with

Endd?l?éh‘&’?(m%ﬂs)'%alo@ﬂeﬂ@‘)(ymcellﬁnd 5 mn.intubati of6ith

substrate- Phrnnnnnn Ski-das—were oHRters
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ees—vwetre—c ot erSstatr1ret Wt

hemat oxyl i n. The foI | owi ng Tabl e sunmari ses the

Hep%ﬁ&r[e@? Aot &uLES of the cel T popul ations. Tabl e 2. .64

aracterization of Cell..Type NRC-Nen—parenchyral

ullullyllal

liver cells 2 6 Co-culture of secretory cell with
conpani on_cel |l s The appl .cant, has co-cul tured vari ous
EXAB%LM! anoare%ﬁam&gafﬁsw@cggﬁ s and hepatocyte
Mnd shudi g 3%(%1%&&‘9;{&8{:&15%38 %}L da\c‘h'ﬁrocedme described

Sunmari s e 2.3 shows

abo%‘ And 36 %ﬁbu’;ﬂlg 'acé&f&iﬁg k@ but sdiified Provedine, kmdwmch digestion
I W'creased I n co-cultures of non-hepat ocytes with

with€nBésy®edaghf Ssoldtibh ds Desforftieint nmﬁlmuppiemﬁq@ witi PS.
Factor VIIIl secreti onEXAMPLE 3. Cryqp res(e;rei/latl on

Thhigmtod aps10dgBen Soye @9olRsh G e Qe e stgndard

pro%(gge gﬁ:ﬁ@‘lpl?%ic &&i‘ 3 d?«g‘lj 4! bed@%@e%&%er@ﬁ m#soﬂ?ﬁb%DMSO
in %ﬁf z‘f)%eEB ﬁlﬂ%ngeis)‘a\ggp; ! d i 'tlﬁ%P %Oeir?gcs) a?glls were
stoﬂ%ﬁpﬁit H%fde RitheTed. PAdteR doneaWéek hewd firee awecks! dtossigeg celle were
defrosted and viability and recovery were determined. Results are sumnmarised in

Table 3.1,
Cells maintained good viability and recovery after storage in liquid

nitrogen for one to two weeks. The best viability and recovery of cryopreserved
hepatocyfes was observed with hepatocytes isolated according to our modified
procedure and frozen in 10% DMSO in PS. It is expected that non-hepatocyte
cells will also be viable and able to be cultured after being stored frozen as

described above for hepatocytes.
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procedure described under the follow ng three

different conditions: in 10%OVSO in FBS; 10% FBS and
wagsoMI2 i n GV and 10% DVSO in PS. Cel | s wereCHIB2&EN01324

in liquid nitrogen. After one week and three weeks

storage, cells were defrosted and viability and
Tablesh b/ Hepatrgyse SEYQPFASEEYAHM s | t s are sunmarised in

Table 3.1. Cells main ned good Vi abi |
recovery after storage%cﬂsqlﬁltgﬁﬁﬂﬁrﬁ‘ﬁ}’%g hgq ?‘ﬂﬂﬁqgf?gwws

two—weeks. e best—Vvifabi ity and recov ”rV%/eﬁ)cl Recovery

cryopreservedW&ﬂéWoc;tVé@I@‘é&s B

hepatocytes—irsorated qaccording[Lo_our m)g{)&l ed
PS/PMSOe dModified ¢ 96%0zen i|$3%0% DVBEREPn PS. i s expg%’ed
isolstteat non- hepqlt ocyte cells will |al so be Viable and abl e
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+-o—pe——cuttured—after—germg—stoned _frozem 8% descHi B‘%d
GMANMSe f or hepé)ﬁ&:yt es.|PH e 3. 143%epat o¢y 3
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et-yopreservationVviabmr Tty TS5 {he _perc € of il ving
FBSYPMSO Mrdifeddrop%s t e |fdficent agd4® | i V—Té‘ugel I's aftRr

1solhritmyv| ng. ND:. t Deterrined. EXAVPLE 4: llschaem a

geng—eetH—tsotattomthe ef feqr_of ditierent nodes, of
PS/DMS®ENi a duri|fg%el | i|ddPation |#8% of thd% sol ati|dP
Corvehtionaldbalaioni tse!f on |l iver celll functign and the

nmint ananaao

T ONPBRAIY 35 FCBFIFTUBIa BV RS LRy RPB T L ar At Befsmage of
[ f t
tivi BT o DN D ted s S eal1 "B eces.
and put in a Iarge voI unme of cold DVEM for 24 hours

j storage at 4C. Hepatocytes and NPC were then isol ated
-5 EXME\E‘@gIs“chaeﬁnanhmngpelbwhﬁ@las descri bed herein. .

52.1”&1:} éﬁ%gc b ditfe%yt - {hﬁgglegﬁé ki romejlgbs\c;gatﬁm WNEOf the
Vi, abi
e i e i,
cellgghéﬁ?ﬁ%s%?&sé&hﬁ%ﬁﬁsSt andard procedure and usi ng

schema was not significantly different (see

figure 4). 444 x 106 non parenchymal cells (NPC) were
i solated fromthe sane liver.

10 4.1 Cold Ischemia
The effect of cold ischemia during cell isolation on liver cell function were
assessed as follows. Liver was cut into small pieces, and put in a large volume of
cold DMEM for 24 hours storage at 4°C. Hepatocytes and NPC were then
isolated following the standard procedure as described herein.

15 251 x 10° hepatocytes were isolated from one pig liver using the cold
ischemia method described above. Viability immediately after isolation was
21%, with 52 x 10° cells surviving isolation. The number of viable cells isolated
using the standard procedure and using cold ischemia was not significantly different (see
figure 4).

20 444 x 10° non parenchymal cells (NPC) were isolated from the same liver.
Viability inumediately after isolation was 6.3%. After isolation using the cold

"~ ischemia procedure, 95% of cells in culture were positive for ICG.
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Viability imediately after isolation was 6.3% After
i solation using the cold ischem a procedure, 95% of

W@ e005m94162 cul ture were positive for | CG Regar dpP@myIB2005/001324
Factor VIl and al bum n secretion, the heﬁat ocytes

&fte’ FagbP OVITD ereo blbuinsieh sedretionst thed QE@DQV@Q isolated
S|g Icantly nore al bumn at all t|rrep0|nstha { time
usingt e Gol epherei, tedidc s?wratadasigﬂﬂm@ AR
act or roduction was varia
pomisltbam tcelsprepered gmtbe standaed %@%Pﬁgﬁuﬁr&‘“@g Factor VIII

cold ischenj

prodyefim WA (@raD ]qaé%wawsxts %argﬁy ﬁgﬁé{e ﬂ%ﬁ pgo"&@ced by
co 1‘13%58“?1%8{}8’?1 gt la(eggﬁpid}ge@ol ation may resul t in a

eﬁétocyte and non- hepat ocyte
f o%ﬂfbah{k \tsﬁh@lﬂe hefgiont wWishaer tet by wwmdebyc&epry, that
unctl

i's maintained i | ong-termcul tu

ischdrfif dlufing iaflation tivs temizltaimoa. Mthl@bﬂStaWC{: & p]llgolmpa%ocyte and
Epithelial and _endothelial cells were . .is
non-hgpatgayﬂe mmtlaté@n andwm%lflel?ﬁée‘éwssegget?%f :“3’&}?%@1 fiflotion is

Brj ef | der was thoroughly washed wth
mallﬁﬁ’é\eﬂllé @E& ve bile, cut in pieces, and

di gested for 30 m n Liberase(r) solution 15 (wth 0.2
mg/rnl). Cells were then washed with DMEM t hree ti nes.

1 6elie f d
42 SRlingEiEpr i it ke e 0 0 e
dagpibelial and temdeothetial | leslnewerepisalaser 5{0@ pig %91 'laaggi%r an
5cm 2 fl ask Fact
hve!e;essn&r%safox@%is eistibernlpider WAk gBpeatihly bATRF Gt sterl
DM%i\éeto E%s]%g?fg l)\/élas]itgl?lsc,%ol%iy&d 2Rl e sg rokﬁ) i_rﬁ'n‘ﬂibéﬂaﬁ@@ solution

S'isolate mliver t\[/esse(‘lgglé .
d vaBed tyitf DMEM thiée| times!| gounl
(w@f(ﬁg ﬁ%ek@@%% ?134512 (not tswr}own) In sunmmary,
andSH ¥%§t§ Qe iperformed imediately gftenisolatisay, a@é(at)day 7, day
concentration prow des good results @Uh reszt%e’?ctg%1 Kk
16, andllda ?lzﬂldcmﬁmm@d:ils we:ge plﬂtﬁdt@h 19 % AQv/Hagkdn asks.

vi abi

f ||
| s&iemélégrgg ep\?%t@zg dh% ?léalitagépq%xdf) i 1 SeffOlsBlated

chi eved
rofciERal Tl EL TP RV SR p PTG
o{:ﬁ%é ng 5&8"‘%1‘15’ qhﬁér Vé%@t‘st bﬁbakhd\&ﬂb\m‘mlmar agount of

se |solated by the standard procedure,
Factor VIII release after 4 weeks in culture (not shown).

In summary, the standard isolation technique using low Liberase®
concentration provides good results with respect to cell yield and viability, In this
instance, the viability of cells isolated using the Applicant’s cold ischemia
protocol was comparable to that achicved using the standard method. However,
these non-hepatocyte cells cultured following cold ischemia isolation showed
better functional recovery compared to those isolated by the standard procedure,
as demonstrated by higher albumin release.

Irrespective of the isolation method used, the cultured cells maintained
liver factor secretory function in culture. The applicant’s data shows that

epithelial and endothelial cells isolated from pig gall bladder and liver vessels
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as denonstrated by higher al bum n rel ease.
Irrespective of the isolation nethod used, the
w@iosivae cel | s mai ntained 30 |iver factor sSecPEr/mB2905/001324
function in culture. The applicant’'s data shows tgiat Lt
j ' ots i & disehadeal theosame gunepoin
secre%gfé&g* ggzle;ﬁpgﬁgﬁ%‘éi’\}g?x\?issgfg secrete Factor VIII in
Wiﬂ‘lﬁéBM es | N excess of that observed at the sane
timepol nt with hepatocytes. EXAMPLE 5i Encapsul ation
of non-hepatocyte cell and/or hepatocytes 5 Methods to
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cells 3@@?5?%@@33@&@ oy Ef?ggm(;vo 01/52871). 10 Single
cabdifs ﬁafhté@fﬂoncpig]sgm sladder el Evemyssselatas welh ag hepriocytes
integrity of capsules verified, by ngzo?rq?s.cog% F&rﬁe,(bot Qtion
(as debrithenl aisdve) may beaincapsulatedrusing d - 2% g T g dorn
enbedded in the caps nd capsul es of even
ofcaphuﬁﬁebé’dﬁlwfzmeﬂé@%@wléhy 00 mmin dianeter) are
preferred,, En | atj u Y the intearity of
al “igiﬁ' é’eyi.@%?g?lzs@ﬁt%g ?%n (F:ngsu a?gﬁlﬁg&gfélgg‘gd ;Irl]ar%]é 4 i
TR b Ynichd 0 Fe IHoth effimdeldells and tceH alagters, @o cells
Caps%gl‘gﬂ [ ndil)gg?ﬁc%b?ﬁgt 1:‘Ibi@ver cells from nammlsilﬁot her, .
sholaR Einbedasd innne ebpsule ovalhgansh sepsiiey ARIEVER SIABP &nd size,
encapsul ati on. EXAMPLE 6. Tr anpI ntation 20 Two nodes
approkimateln €400 pw_nedw@mer) ALAAE e&Fﬁd del i very have been
consi dered; al gi nate, encapsul at i

O e AL EbEPRRE b SR RRRES Y Bpics

at suc

of g}gﬁ gﬁgp%“%ﬁtkgﬁffaﬁi@fhbscém Eﬁiﬁ“eldﬂl?@ i Vies dapeiler walls,

ow rel ease of Factor I ble &
indi | gt/ SR iffordi ¥AmALG odice Hrmapigd aré camegable to
mdl?é%&—letgg%/gg{/e?es can be encapsul ated in al ginate using
aggfégf?{@f(ﬁ*ﬂ{aﬁ@ln@irﬂﬁdmmapmﬂmﬂimmti ons (1.5% 1.6% and
1°7% to form capsul es by known net hods.

EXAMPLE 6: Transplantation |

Two modes of non-hepatocyte cell transplant delivery have been
considered; alginate encapsulation, and incorporation into the TheraCyte device.
It is considered that such devices will allow the cells to maintain liver factor
secretory function and allow release of Factor VIII both in vitro and in vivo.

Alginate Encapsulation

Non-Hepatocytes can be encapsulated in alginate using different alginate
concentrations (1.5%, 1.6%, and 1.7%) to form capsules by known methods.
Encapsulation using polyornithine (PLO) or polylysine (PLL) coating to improve
capsule integrity and Factor VIII release may also be used. Additionally, both
single cells and cell clusters can be encapsulated. |

Capsules with single non-hepatocytes or cell clusters can be transplanted

into host animals, Capsules containing hepatocytes remained viable after 3 weeks
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Encapsul ati on using pol yornithine (PLO or polylysine

(PLL) coating to inprove capsule integrity and Factor
wO/kdos/09abrase may al so be used. Additionally, BPOLIB2005001324

single cells and cell clusters can be encapsul ated. 30
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culture. otest for in vivo efficacy,
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suocy usly in a hos
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above. Histologjcal stugdie ™ eved and
SubCBUHEOIED e BORL Rl ChE THEHCHED! SBvRE diebbefetighed an

ory reaction in t he

cell YRR piedshi o5 Afotcro HisRASEcA badiey wauld alsonbenseful 1o

: e survival “and Tai ntenance of hepatocyte ih

confrﬁ%{l' thht Mhéreons AH inflenmbabrpoeaition in yhe tissnes surrounding e
o'l om ng transplantation into a xenogenei ¢ host was

tran§isiketafionadte. Af ter isol ation using the cold ischemia

CESh aus anmanartodt SSUDH S BB cor Bkfoyte cell
func?t%nl e a&algd pﬁ)&:&ﬁgslivglel LllsELB0WSAR Y Bdnfflamation into a
xenogeneic host was determined. After isolation using the cold ischemia step
described above, neonatal porcine liver cells were cultured in media
supplemented with 10 % PS in collagen-coated flasks. Cells were removed from
the flasks using Protease (TrypLE Select, Gibco, USA) and were briefly rinsed in
3 ml of PBS. Cells were then suspended at a concentration of 1 x 10°%/20 yl and

loaded into 20 pl immunoisolatory 20 Theracyte™ devices using standard
procedures as detailed by the manufacturer. CD1 mice (N=3) were anesthetized-
using Halothane (2%) and a small 1 cm incision was made in the abdomen. The
device was carefully placed overlying the liver and the incision was sutured

closed. All procedures were performed using sterile techniques. Eight weeks
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peritoneal surfaces appeared normal ? e, and din
the diiveit @mitngverds remoived paidy, litthe dishroay enedie e SHErPYncng
adhered to the surroundi ng organs including the liver
tlssmﬂvasmla&rﬁermved with little disturbance of the

d /
R
bloq%:gxﬁ)gag@gﬁ{}}t Bt 'tﬁ He@i‘ceé '&?te?@’b;/é@ﬁs a&h tihe 1ﬁtrapaktsneai ¢ztvety e

onea cavit The tissue adherent to

tissud' QEAEEHE (thMthed THeRR teTWvddmees dnypived em'gmllﬁf:@ufé rous tissue.
t1ssue. There was notabl e absence of an\é acut.e sence

The&v@fwa%rﬂmatdbyabrseme of any iowte aFlaMEBAERY: S IERTRL AEAP

round cel | |nf| i.n the deV| e
of pronemm ropad|c ﬁg@te%ﬁag t!}p ﬁl%fé 0RLE efous, well

1 Ver: ce
def ’é@ad 9 “@F fs%lﬁbg-; fﬁ% ééﬁs 1808HHy fdﬁﬁﬂg"*gwc‘gf‘w odglét\e/tahe lumen.

ﬂéérc%%ls?@gi o @si@ddiPemmha Rbtaining Accelliluatied devicden gnd tested
e

escrl bed above. There was nqQ
for viability and function using the ICG test described above. There was no

diminishment in the numbers of viable/functional cells relative to pre-transplant
values as the proportion of ICG-positive cells was 80-90% after 8 weeks in vivo.
Further analysis using trypan blue exclusion confirmed that approximately 90%
of the retrieved cells were viable.

The above studies show that liver cell viability, function, and phenotype
can be maintained for extended periods in transplanted alginate capsules and
transplantation devices such as the TheraCyte™ device. Additionally, the

transplanted liver cells do mot provoke an immune reaction and are
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di m ni shnent in the nunbers of viable/functional cells

relative to pre-transplant values as the proportion of
wo 8@Bspodsl i ve cells was 80-90% after 8 weeks i PCWiB2005/001324

Furt her analysis using trypan blue exclusion c

nf i d
B BAR] OO froR0Wral rebipies | oua % Pinecti) JHAE e
VI apol e..

he above studi es show that L. veL cel
trans: hﬁﬁitibit:ztcgf ém\(ijlhhepatmr{jyte aelds pHé @E’)‘f‘{ﬁp‘téqL@i]ﬂ f’g_@cﬁ%"h?'ai nif _
or extended periods.in {rans n 8% i
aflthet hepatps e dagdesh T@F@?ﬂéﬁ@% S @gﬁlcgg q?’%‘ea g%lﬁg rtistq/@? g? tf ni) ﬂlln
devi ce. Addi,ti t Laatredtdd VHI relelaks fidan the
oo R BRSO B L o e Ll ¥
Therh 5} 5thydeRehlliea Sl RBAs bhowed ahanctiecEharbGyta Tiedevice
ery spl R o? non- hepat ocyt e cellg;@iv‘\%?l i:lé)urrgg/e] and 8)
f i icenis VIIhforhap dbosift wee '
relea%%g;&te(?%ﬁdgvi'ces vvereagl SO teste

i N NVIiTTrQad
Whilkt! kiid fotexs pekceoted tveete i s thegothet sgﬁ&t% Budfer sellp th culiure,
Factor VIII release fromthe Ther deVWURE (Figures 7
they meersureverthgless seargiedsatsh @ ﬁol%?aq&éﬁ%@ca%\bgﬁt glg
devi ce rel eased al bum n and Factor VIII for up to six
and §leks (see Figures 7 and 8). Wiilst the factors
secreted were less than that secreted by free cells in

culture, they were neverthel ess secreted at a

EX jplpgically effective amount (Figures 7 and8).
LE 7 Effective Encapsul ated PRi I

Effetcive Micamsalatoa s GlbyRransaneddno HamfphiliacMice,

& B eadanp of Saoior AL SEREIGF QR ANFA o BEERE DIty with
ol LSS e s g e et
s 1§ bR et o v e s

e pofdis theahamd andchdult hapatdcyiecealsl Viake Sluies Wing th cold

the i tion. AU t al | | | | .
isclibrbiatprocedaire dsseioatt AROYOANS PraRaEn i GOnfigd sRedftife to the
lated i di | Qi ¢
A SR G 0 it
sl (CRAH S Gl fed ! Wediodralginday Sndepstaedard PLO

. and 1 nplanted into the IP
codty do¥ditRins.

Empty capsules were made the same way. Capsules were held in vitro for

3 days, washed in serum media and HBSS, and implanted into the IP cavity of
mice. A midline abdominal incision was made roughly 5-8 mm in length and a
sterile 2 wlL serologic pipette was used 10 introduce 400 pL of capsules
suspended in 600 pL HIBSS for a total of 2 million cells in 1 mL delivery vehicle.
The incision and underlying muscles were closed separately with 3-0 nylon. Tails
were bled under controlled conditions for 5 minutes into eppendorf tubes spiked
with citrate. In this study, blood volume was quantified using a micropipette
instead of the blood lysis assay.

The therapeutic effect of encapsulated hepatocytes was secn at 7 and 14

days post implantation, when compared to control bleeding rates. Whilst the one
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m ce. A mdline abdom nal incision was made roughly
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and &%ﬁ?zﬁ*@h@g&m Tivameeltse wipidupre sARARIE | RPN FagRififriation 1
bl adder epitheli al celli

| .bl add j .
recipiefit bostoifl sscering Egsiteh _na%‘l"cL @ﬂ}egj?lw}gf {sg&%ﬁoﬁr&rﬁbi&& Devices
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Si nusoi d”cel Ll?foand'd

nQn par CE%‘.HBi!J keeulffik Hettiolls Foahepatappteol andpion said Non-
Pm‘f‘ﬁﬁ@l‘s@'rog’:% ation 4(‘?160 A reci pi ent hostepof secreting, .,
heplREYRS oMl t}?@daﬁ htso Iprueided ecEiw opniROsiits e \addidonally

conprising The conpositions for inplantation into a
conipidetiepatoclyrest are al so provided. Long termin vitro

cul ture net hods, for, hepat pcyt.es o] ' and
nonHslp spasents.c poblicatiqnse SgELiCs Bﬁﬁﬁ%{?i %’é‘g ?;k%edocuments anf
conposi tion i ton saihreaptiec el ofkkill o
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such referenced . ) o
if it had been incorporated by reference in its entirety individually or set forth

=D

g @?Y@Jst one non-
rev g

hereint in its entirety. Applicants reserve the right to physically incorporate into
this specification any and all materials and information from. any such patents,
publications, scientific articles, web sites, electronically available information,
and other referenced materials or documents.

The specific methods and compositions described herein are
representative of various embodiments or preferred embodiments and are
exemplary only and not intended as limitations on the scope of the invention.
Other objects, aspects, examples and embodiments will occur to those skilled in

the art upon consideration of this specification, and are encompassed within the
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docunment and material is hereby incorporated by
reference to the sane extent as if it had been

wo pwsopasat ed by reference in its entirety i ndpei/traddop1324
or set forth hereinin its entirety. Applicantslﬂb dil
. reserve the ri ' hinee clatras.e Tt mitl behreadily
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spiritcisthe ettt TS ARETHOR DUSHRBYSLY SeSFET hershl Suitably may
enmbodi nents or, preferge ' S cfeithd, € o XAk EON or
be poaaticednif F‘h&é\‘?ﬁeafa%lyle%ﬂéﬁo%%seon the gcope of ;
. Lhe I nyent ifieRI ¢ i ei¢in @xesmehdal, arfthus, for
timitgso; AR Bopt SBEAn PR Gifclo e B

ccur to those skilled in the art

 exantO i @ASH 3ﬁ§tﬁﬁé@ Reffint i entpetinkhtaor expmpies af dhe present

nconpassed w thin the001324 spirit of the i nY.eﬁti 9P and
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spec;flltﬁf@t@flo p&% gh% A 'Cgp;ﬁrﬁxsg ﬁvgfrl] 1P§§§| Tﬁgl:irﬂk})g ttii opocesses
i | l.ustrat.di Y A8SGE iBnsSui e shend p
be WQCF?‘B%%“}V%M e&agé%lnge_lof ﬁtg'tr%sn_el enent or el enents, 4 ¢
TusBhtvel Hadeedoherbinstngtilynmay Vit phadticedoln differing orders o
specifically disclosed herein as dess ntial . TEuEep f'ﬁ&ieated
R o the oy csent ey ‘fznﬁ%‘a"ﬁ*% b er A s
herel omﬂ%@ ﬁlﬁll’,ﬂts-" d FFSTJE‘P i%,l assefl _esﬁ’lﬁlpfﬁf%an%;ds rh ;
.consi sting..of, may, be, &eph 8 & the contex
the ﬁiﬂﬁgfar %n?e?’rrs any’ 9, @gegﬁgﬁ%%ﬂ oﬁﬂ Al so? t he tﬁgr_r;@l des
" COMMLL SJ L8 et el | 0 exafPI¥, d ref@igiice &f ta hastee 9 ineludes
Cleaﬂé’aﬁeé’;%ga S| t\‘/"‘élfs)k;' arl}gl&gwﬁtgl’?gut limtation. The netho

S
a plﬁﬁgitg (Rse&Emplel blealiusd by pbpuldtion) of such: bl Gellsy F“E“g P forth.
nmay be practiced in differing, orders of st

Underao dieymetarcesonay iepalant b iaereied iade o o ?a%%%edﬁc
f st i ndj,cated her ej i Nt . 3 i al
cxsnies o oo o A by e hirl, Al oo

cirq%ﬁ%%&a@% é{'lg{l] e, Bgt{eﬁteb@ Tntégg@@dt fdehe iifififeddsy physaitement made |

_ context clearly dictates "
by B D el o
Off@P Uik Buch! statelehosis spedificaliyidarnd Wé‘%@ﬁ? qualioﬁcamon or
reservation expressly adopted in a responsive writing by Applicants.

The terms and expressions that have been employed ate used as terms of
description and pot of limitation, and there is no _intcnt in the use of such terms
and expressions to exclude any equivalent of the features shown and described or
portions thereof, but it is recognized that various modifications are possible
within the scope of the invention as claimed. Thus, it will be understood that
although the present invention has been specifically disclosed by preferred
embodiments and optional features, modification and variation of the concepts

herein disclosed may be resorted to by those skilled in the art, and that such
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IBCKﬂébﬁW@®e0|f|cally di scl osed by preferred enbodi nents

CALULRS heeeldindgs ilat additiof, where
gaﬁgﬁ qﬁgh er'e d|sﬁﬁgg@%ﬁﬂgyﬁbégresorted to b
featﬁxjéé’%‘? a%#i:héﬂseéf tHe h{vfénﬁbh arardestiibed o dbnnﬁilfffl Mt groups,

and varfrations are considered to be w thi he sc € ibed in
thos@ kkilfeidSnitw ammhreaegmmh@dhgymwoaﬁg@ cribed 1

The invention has been d crlbe am
termyafemiydadivdualmaemboEat i Ot i bt 2 Maéls?“sahn%m“l"

siibgeneric groupings falling within the generic

di scl osure also formpart of the invention. This

i ncludes the generic description of the invention wth

a proviso or negative limtation renoving any subject

matter fromthe genus, regardless of whether or not

the excised material is specifically recited herein.

O her enbodi ments are within the followng clains, In

addi tion, where features or aspects of the invention

are described in terns of Markush groups, those

skilled in the art will recognize that the invention

is also thereby described in terns of any individua

menber or subgroup of nenbers of the Markush

group. T/ 1 B2005/ 001324 WHATWECLAIM S: 1. A nethod for

the long termculture of hepatocyte cells conprising

t he steps:
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commut i ng hepatocyte tissue in cold DVEM and
i ncubating for up to 24 5 hours at4 0C, tw ce

woelc@sesddiiny with |iberase(r) at a concentrati onP@f/1B2005/001324
0,2ng/m in the presence of |ignocaine; separating the

WHATIVE €4 Arvasacyte cells; and culturing in nedia
conprising all ogeneic serum 10 wherei

saj d . s
| hepahehyd dor dhe lonp i coltueef SEDRGOBCCRS FRFRTising.fhe
. secretory factors for extended periods in culture, 2.
stepsA nethod as clainmed in claim1, wherein the

C ODRE SRR DG G B A M B e e

one non- hepat ocyte

cg)bl 1% otfee capabl e of secreting one or nore liver
seOME r{ actors, said gEt hod con‘péiiyfi n%@é&%ﬁfé{%ﬁsi‘n the
C W)g dnebsiine - Wehatlibepdse” tdtss ioncanicyien
igcu at | gsfgr up to 24 hours at4C, twi ce digesting
}/\niqurbszdgbbem'gmcam?oiz mg/ m) for up t;)_ 10 {nhnug_es i? ;
e presence o i gnocai ney ., arating e digeste
naephaping by digestad hep W%E@%%ﬁﬁg in media
conpri sing al l.ogenei ¢ . eE&uth said at | east one
ndﬁ%@@?‘i‘ag@rﬁmﬁ}%@%ﬁ@%@%@%t ed fromthe group t
consi st | I grofegictéiild ahe oelinere akr secretory
Wheﬁ%&&b‘ihﬁﬁ%@%ﬁ%ﬁi%ﬁ?@?@s,obi et 25 epithel | al

fact&%!fbﬁ%ﬂéhﬁ&l pegbdendeilaki al cel I's, hepatic vessel
epithelial cells, hepatic vessel ,entﬂot hel {:03: cejcul Speonatal
5 si pgeithod el daianel ipelaiay dnWheER N sPAYES BF 1K
nethod as clained in claim3, further including the
st &gpYPCEWBul t uri ng the non-hepatocyte cells wth

hepat ocyt , i +sP ofk aion-Uepatocyte cell
3. m&@@?ﬁ?oﬁglﬁ?ﬁ%’gg?%@gt"g&%g Iégﬁggedlsoro 30 hepalt) ocyt e

cel r | ol drSmcfe Averetdonetons fattarsespifnmethod
W%rﬂ?@?@o@%?ﬁg&gﬁ’gi (r)r?@v\}rfelrrtei n the at | east

ngél‘?éi‘ﬂ%ﬂ{@ @cyte cell type and/ or hepatocytes are pig
co huiman cel |l s. :

commuting non-hepatocyte tissue in cold DMEM and incubating for up to
24 hours at 4°C;
twice digesting with {iberase® (0.2 mg/ml) for up to 10 minutes in the
presence of lignocaine;
separating the digested non-hepatocyte cells; and
culturing in media comprising allogeneic serum,
wherein said at least one mon-hepatocyte cell type is selected from the group
consisting of gall bladder epithelial cells, gall bladder endothelial cells, bile duct
epithelial cells, bile duct endothelial cells, hepatic vessel epithelial cells, hepafic
vessel endothelial cells, sinusoid cells and non-parenchymat liver cells.
4. A method as claimed in claim 3, further including the step of co-
culturing the non-hepatocyte cells with hepatocytes.
5. A method as claimed in claim 4, wherein the non-hepatocyte cells and/or
hepatocyte cells are neonatal cells.

6. A method as claimed in any preceding claim, wherein the at least one
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7. A nethod as clainmed i any one of clains 1-6,
wherein the one or nore |liver secretory factors are

w@edosnvgae from t he group conprising al bum n, bP@DTB2005/001324
clotting factors such as factor VIII or factor IX,

o B L 3
7. {Ackelane dabhogaeny el B
liver arabgydactorensnseleeted HEPToHE-EIoH [ophghisifig Abudhs blood
clottng Festososid 8 Joqat VL Bf fGof X RO ARG iptremiation
tactoffoRRAE RS, SRR 5oy Re-alopad Diment finsuiss srov?

| tdhetdot] hepatosytebtosytt isctes prndh ahalpgue shewof,
factof i f1a GARR! thekdof] hapdiboytebes cAtich

t” endothelial cells, hepatigc vessel epitheljial
fibroBlkt Sgrovahatfactovesséd| agaloguRe| thereefe) 3 ?‘Qﬂﬂﬁﬁﬁ d%éh as
cell s"and non-parenchymal |iver cells, said nethod
corticastgroidsi ng the steps of; isolating said at |east one

non- hepat o¢cyte, cell type; I [ Ofaetork e sttrofisom at
8. nanowlyed GF praduiang opt BE i T Rbrcidny adtorh 2a Mo -
al | ogenej r t sdffkbm grt gtoupaicbosisting ol ga
leastg ?S‘Pﬂgfhe%&?&rsyg%n& gnt or gérr’[gcrte i ver seg etl:gurﬁﬁ fa tfricells
i, g pasinnis i ) el
bile 9duch mmtibtictliab ctlls, nBepatie cYesseh piggials qetls il vessel
| east one non- hepat gcyt

endathelialoeslise stRysOd CEgS @n@fﬁ%’&%@ﬁ‘%ﬁvﬁ%& ,eﬁi&\ﬂghﬁmod

in claim

or, claim t% w/tln_erei n said at | east one nonhepatocyte
Comﬁgﬁlngt%ﬁé $*or hepatocyte is isolated from neonat al

t‘%@tﬁ?mﬁ]s%id A 1BRiNAHS Rsn-Bbitoesteicellapye;one of cl ai ms

8-10, erein said at | east one non-hepat o%ﬁ cel I1 ented

angi]/llﬁiri paition Yémst ionemo-bepmitocytieall dxpe In Medisgupplen:

i npl ant abl e conposition coppri si at, | t e
witinallogepid serynefare) time, PELicIEHA i @ﬁgwoqqzcﬁ%%a%fgaﬁfl Sue or mor

into a recipient %segreti ng one or nore |iver
livesemrét%?’ﬁaqtﬁﬁt@*% mg 18 ovi ding one or more |iver

e ARty 3R AkaRMag ol ogi ¢

optionally isolating or purifying said liver secretory factors.

9 A method as claimed in claim 8, wherein the at least one non-hepatocyte
cell type is co-cultured with hepatocyte cells.
10. A method as claimed in claim 8 or claim 9, wherein said at least one non-
hepatocyte cell type and/or hepatocyte is isolated from neonatal tissue.
11. A method as claimed in any one of claims 8-10, wherein said at least one
non-hepatocyte cell and/or hepatocyte is a pig or human cell.
12.  An iroplantable composition comprising at least one non-hepatocyte cell
type capable upon implantation into a recipient of secreting one Or more liver
secretory factors or of providing one or more liver metabolic and/or physiologic
functions to said recipient, wherein said one or mote non-hepatocyte cell type is

selected from the group consisting of gall bladder epithelial cells, gall bladder
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functions to said recipient, wherein said one or nore
non- hepatocyte cell type is selected fromthe group
weonsiostibng of gall bl adder epithelial cells, Pel/iB2005/001324

bl adder endot hel i al cells bile duct epithelial Ceehigs’ .

endoftidifa] edts, efldonie! éptihetial Icells hbilatdust vensiodheliad ealls) ihgpatic
cel'l's, hepatic vessel endotheli al cei l's,, sin smﬁj d non-

vessSlebpithaiadl cetlsphepatichyessel lendethedal pslls,gnugoid cells anc o
conposition as clainmed in claim112 further conprising

parelln:ﬁganaidil\t@t:@l:lﬁ-l s. 14. A conposition as clainmed in
claim112 or 13

1. ok RO T gL conpram i st el

cel'l s.
15, A | Lk Qg ' broral®y wiikgeiafthe lapileast one non-
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e

non- atocyte cell type capabl e upaon inplantation . .
17. i niporeethet apchimeddh qheios d6i \M@ef&ﬁaﬁ%la %155?%?@‘%1% PERwdgs liver

scommsnmine oEpide S Sghipol! S SRR AGRRS over an

group consistin | bl adder epithelial cells,
exngﬁeﬁmryﬁé%qﬁmﬁk?lﬁ% 'al cells, bile duct epitheli alf ¢ least
cel s: Ii geloneddmbrisitl lohe drepate aggregaies of at lcas
lg'epi&ﬁwﬁiaab%gg#%{nﬁﬁepati c Ieﬂ()eréseF .endothelial cells, .
oneS PHSRIFAIRSHS Selin typeorapable nupymramplaniation dnfe 2 re¢jpient, of
An i npl"ant abl e conposition as, cl ai rre% in.claim 5e ein said at
prodheing and/be seggting QUesOF GHAA divVeE o¥RpTatel ﬁeg;ﬁ%r(so &
cells. 20. An inplantable c | 4..QN1AS | id f oall
leagh enernoB RSP I ECLIDT Rt OO FDAp DR gEnD, Gatiding o =
|1 type.andiar t afeflsPbileadudi spithelial celis,
bla@é?‘i §P§£§§1.1azl\f e{i}%t ﬁggqgégyaﬁm élﬁalc[ ais% 930ru awpi _
bﬂ%o HH?.S | dridthednal ctaligretepatic| vissell pithelial  owllsy ehepatite vessel
epatocytes are isolated fromimortaljsed gells in
endtipRalcietls| sinusoid cells and non-parenchymal liver cells .

19.  Animplantable composition as claimed in claim 15 wherein the aggregates
further comprise hepatocyte cells.

20. An implantable composition as claimed in claim 18 or 19 wherein. the at
least one non-hepatocyte cell type and/or hepatocyte cells are pig or human cells.
21. A method as claimed in claim 9 or a composition as claimed in claim 13 or
19, wherein the hepatocytes are isolated from immortalised cells in commercially
available cell cultures.

22. A composition as claimed in claim 12 or 18, wherein the at least one non-

hepatocyte cell type comprises gall biadder endothelial and/or epithelial cells.
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28.di 1A craanposition @sriaieed i clime

avai l able cell cultures. 22. A conposition as cl ained
in claim112 or 18, wherein the at |east one
woonksepasocyte cell type conprises gall bl addepCT/1B2005/001324
endot helial and/or epithelial cells.23, Ac oai tion. ..
23.as Alcainpedition a3 glaimed, incelain 22, eempELSing calldaadder epithelial
epithelial cells. 24. A conposition as clained in
cells| ai m 23 furt her conpri sing hepatocytes in a ratio of

bet ween Q. b, 2: 045 [ ' i _
24 o canppstiohefOaindy in dRlitn 23 36RE: GRRDSE Rerfifacyfes in 2
ratiobf B@P@ﬁ&i 0.5:38nd 210.9 gafl tﬂadderta)gmenal @ilst hepatatytes,

cell's: hepatocytes 1s71:1. 26. conposition as
25.c| aA roeghpositidraamcldnmd kBclavne24i whetedn dhe retio mfr gall bladder

liver secretory factors is a blood clotting factor,
epitheliabhcellmrpepatorpiesds1dl ai med in clai m 26, wherein the

MEEOREHE SR SE R St -
| l ' is F VI E,
et htord i SRSt bld BBEGOT S Bact O o T Ton as

27.c 8 RehddRitidrPhd b thimed id @laih26 civhetdie tanbload ¢lotting factor is
liver secretory factors is a growth and/or

Fadiof Véllenid/@tFanof BEt or . 15 30. A comnposition as
clainmed in claim29, wherein t2§ growt h aBd/ 0
e g

| siclaiend i danbed ng% hexfwctﬁc P géotting
fackpias B906s Vb g Wiflerang b St or and .
29.anaA°c%@os§lﬂ(§¥ g% {:Ian%[d fix;&laia‘?fﬂ be{ QBOWIJ@%Q on@R4 more liver

andl og conpositioh as clalned in

secedii¥aiollis ABrowitehsd/or differentation favter.| i ver 20
secretory factors is an enzyne. 32. A conposition as

30c! aAmednipositicn ras 1 2laimedsin wHainei 89 s avhierasn-the pgrased @nd/or
cell types are derjved fromthe sane species as, the
diffeseniation facier i selectayfrom iraWih Hprmops, fuih analoguss thereof,
. suffering from or. predisho i r
insifipofiks Sbwle ey B rafeied dhiteds, hOSHGE arputh factor and
anéaggﬁeé t{h\éféofSSHf'iﬁfcﬁb‘I’as;t 368 Boi SR Al s hBereof.
[ antati

oh of "an effective anount of One or nore i
31i NpAasmapbLtic ap elitriedria csine I 2iord@, wheasiy theenefor more liver
clains 12-32, to a patient in need thereof.
secretory factors is an enzyme. '

32. A composition as claimed in claim 12 or 18, wherein said non-hepatocyte
cell types are derived from the same species as the recipient.

33. A method of treating a patient suffering from or predisposed to a disease or
condition associated with a deficiency in or absence of a liver secreted factor
comprising the implantation of an effective amount of one or more implantable
compositions as claimed in any one of claims 12-32, to a patient in need thereof.
34. A method as claimed in claim 33, wherein said disease or condition is
chronic liver insufficiency, liver failure, liver disease, or alcoholic liver disease.
35. A method as claimed in claim 34, wherein said insufficiency, failure or

disease is caused by infection with hepatitis A or B virus.
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34. A nethod as clainmed in claim 33, wherein said
di sease or condition is chronic liver insufficiency,
wo poosofied | ure, |iver disease, or alcoholic |iRer1B2005001324
di sease. 35. A nethod as clained i _claim 34, wherejin
36.saiAl methodfofcirenting af patient susferng Hoge g5 Predispasesetp gyblood
ipfection with

clotna e eBbn commisig e inplrtRe gl B8 jmount

I Cting di - candis Lon: g i
of BB 16bE bhPRRMAE TIPS GARCLE WA ERAROLLNE felnt in need
thei'éB?! ant abl e conpositions of the invention to a patient
I'n need thereof. 37. A nethod of treating a patient .
37.sufA enéthgd of areatingpr patiesw saffdring fhamuphiredispased orhemophilia
bl ood-clotting di sease or disorder conprising the .,
and/aplaablogdrJattirg discass &t diserdghromPpIyng eo‘%ﬂl#a?*émoﬂ of an

et om0t S5F 5 i S AR i amy ome
| ai b - wh . Ldh hili
of PRIfER3 50 Prp Ay g oA UBiedt (eI 2l hed T any one of
38.C! aAheddif: S&imuden dldnt BY, Whetaintsald hethﬁm is hemophilia
of any one of clains 12 to 32 conprises cells

A.encapsul ated in a suitable bioconpatible material such
as alginate; cells confined in a_sujtabl

39as A wethed 25 £iaimedhdn RO HEC Ot eleimy %3&’@%@5&% the

implspfll Lc:"‘cflﬁﬁaéiﬁpffﬁtaf Ay 5 i B 1308 nagc cOtiplegs cell
a7 o | yners,

enGfishifudOf 4 Hafhb1g bg?og@ﬁgg%% a8 piIRueh 9§ aldifhtedi ng

ogenei ¢ plasnma [ al I ogenei c

t hr iRl Bonfifled AinTei Raitable @dwice] stuehi ag a bhsodarized tube or

clotting factor to a patient in need thereof, wherein
Thericyted atevies; ot ti ng factor is conpl exed and/ or

assocjated with one or .nore factors

apabl e .of
on el sRpapRlatEd 10, MAIX SeepATaions Sugtyss, gefagsy cpllgeen, and/or
nd/ or, ef fi.cac [ ood clotting factor, wherein
na@%%‘?‘ﬁyﬁ%%r%ql%gét (eilhalrrrpl antati ongof an effective
ano r ' ; i & &S 1l 1
cl a«';:’élﬂ%sd@ngﬁ%ﬁyﬁo% EP%?I dcﬁ?%h?gl({eéﬁ%ga tﬁgg glg?%kﬁlpat Pear?{r?a clots

produced with allogeneic thrombin,

@)=

40. A method of administering a blood clotting factor to a patient in need
thereof, wherein said blood clotiing factor is complexed and/or associated with
one or more factors capable of enhancing the activity, stability, bicavailability,
and/or efficacy of said blood clotting factor, wherein the method comprises the
implantation of an effective amount of one or more implantable compositions as

claimed in any orie of claims 12 to 32 to said patient.

41, A method as claimed in claim 40, wherein the blood clotting factor is

Factor VIII, and said one or more factors capable of enhancing the activity,
stability, bioavailability, and/or efficacy of said blood clotting factor is von
Willebrand factor. ‘

42. A method of treating a patient suffering from or predisposed to a disease or

condition associated with a deficiency in a metabolic and/or physiologic function
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41. A nethod as clained in claim40, wherein the bl ood
clotting factor is Factor VIII, and said one or nore
wo awsosH6zapabl e of enhancing the activity, stBOI/IB20§5001324
i gavai lahility, and/qr, efficacy of .sa

i bl .
of qurngaiflaa@@%di comprising| the Jppiantatien '63 .%gﬁgwﬁfﬁem&&ﬂt of
: . ; Cterinas :
onedopy SR gl | oA, B aly’ G e BB L8 BT fo the

tRnfet abol i ¢ and/ or physiol ogic functionof the |iver,

patient. . : :

sal'd method conprising the inplantation of an

43, ef fechitRdaap Ulairéd oife cliimmdRe whlehntthbl disease or condition

conposi tions of any one of clains 12 to 32 to the L

conprisesrehronia livar mesiffidieasy diwirfetluren livenidisease, oniatachiotic liver
., the disease or condition 5 conprises chronic |iver

disgasguf fici ency, liver failure, liver disease, or

4. o o YRSt S R e BdpaieL 4l Yonf eleCpst ST the group
congﬁggggérf %egldg{%dg]e% Egmégggggngﬁp@h $ldddler e_ﬁagﬁmhgph%%sl, lbél’e duct

I a e duct epit [

. el i al

epithieligl gelfs, irRIGEdedridathalfil lcalls,Hegpatic vesselsyithepial bells,depatic
cells, hepatic ; 10 vessel endothelial cells, sinusoid

vessell endathelisloceltsm rsimetojdedellsi st noaipasenchiypna liver cells in the

manuf act ure of, a nedi.canent for freating.a pati ent .
ATRCRRT 08 & Wericament £0 Upringia patignsutfetids fom or predisposed

cofdi tion | at ' el Gk i C :
to §asp 2, CRRAIE o Sochied Tl L FHERRLy R, O BRREE a liver
secht6d BRRTCHr t Qufferihi S GRS OF meApbsaD (3Sa08isehfd o téndition

a deficiency 1n a netabolic ‘and/ or physi ol ogi c
assbeiatdd odthod defivienchpin iavmetabélic andiee physiolagiodunenon of the
. claim 44, wherein said disease or condition is chronic
livéri ver insufficiency, liver failure liver disease, or

al coholic liyver, di seas at | east

4. A { \ .
45 porA SR A8 GLTEAL B PR b Seliestlincield fiseoe of SppaRieR is chronic

T
46.c¢l AsusePbt @t dugst @iedabhgdiepatocy® bell thppaleiccta®Femh the group

epithelial cells, hepatic : vessel endothelial cells,
comsistingopfigald bladden epitheligaretisc pglirbladder endotelial icalls,Hile duct

Jranuf acture_ of a nedi capent for treati n%l a i@?tliqim ,
epighetink cely il dneh cpiashrlig) sells, hepaticoyessel epigialial gells, hepatic
Vesg'gff%ﬁ gqhg{ialc ggﬂs'»,t {85013 & 8nd %%%Pﬂ?ﬁeh&yxﬁﬁﬁ 1iv8r cells in the

manufacture of a medicament for treating a patient suffering from or predisposed

to a blood clotting disease or condition, such as hemophilia, and in particular,
hemophilia A.

47. A use as claimed in any one of claims 44-46 which said medicament
further comprises hepatocyte cells.

48, A use as claimed in claim 47, wherein said medicament cormprises gall
bladder epithelial cells and hepatocytes in a ratio of 0.5:2 to 2:05, preferably in a

ratio of 1:1,
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henmophilia A 25 47. A use as clained in any one of

clains 44-46 which said nedi canent further conprises
whepaneayt e cells. 48. A use as clained in cl aPeT/m82005/001324

wher ei n sai d medi cament conpr.ises gall bl adder .
49, epiA lsk il claithed innahyhepatafcsiabns i4%-%§,r whetpipthg medicament
in arati use.as

to 2:05, preferahl ; f.1:1. 49. .
congprigedeeelin eélﬁypﬁiﬁégééf it | 20 LIS i@?ccomg?%‘ﬁﬁ fifpgerial, such as
nmedi cament conprises cells encapsulated in a suitable
a]-f=""5'i9"5?3orrpatibIe material, such as alginate; cells
congjige & 3! taa%’é\i%lﬂéVdéﬁce,S yath ags & vasculagizéd ethbe or
t ube or eracyte(t devi ce; cells encapsulated in
Thag@y&%“g&ﬁ@@{ations such as gelatin, collagen, and/or
natural carbohydrate pol yners; and/or cells confjned
i n callp leasapsulated ini magizoprapatations igchl asoglatn.coqllageny and/or
clots produced with all pgeneic thronmbin. 10 50. A
nwﬁ%ﬁpﬁémﬁdﬂﬂﬂﬁﬁpghﬂﬁﬁi hto a recipient suffering

RO A S s BP0 FRIEE AR, s o

' ' i npl ant abl
prblEedRUCAIGRRE pkaugue or rore 1Tl ant b

claimed in any one of clainms 12-32,
5051. A Aledtios fop inmlattation dntora racipientsufenimg from gr predisposed to
capsul e conprising a 15 suitable biocoppatible ..
a din¢aseiaasociatet] wish al dgficaensy ia or bsenes P e geqraisd lyer factor, the

chanber, _nore preferabl, raCyte(t dev) .
dexiegi qum&&ﬁm@@%@%&ﬁ? CRIPO, “ﬁ%ﬁ%ﬁgﬁmd In any one
preparaf ken conprising gel atin, collagen, and/or
(fﬁ%Pﬁpéﬁﬁ?gbarbohydrate polynmers; or 20 a plasnm

51thr griispice! ¢ dldigdddd i Oclaifn 280 eeeniging| asopseleotomprising a
produced wi th allogeneic thronbin.

suitable biocompatible material such as alginate;

a vascularized tube or chamber, more preferably a TheraCyte™ device
available from TheraCyte, Inc., CA; |

a mafrix preparation comprising gelatin, collagen, and/or natural
carbohydrate polymers; or

a plasma thrombin clot including an allogeneic plasma clot produced with

allogeneic thrombin.
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