WO 2005/ 094162 PCT/ | B2005/ 001324 CULTURE AND USE OF CELLS THAT SECRETE LI VER
SECRETORY FACTORS TECHNI CAL FIELD 5 The invention relates to the culture
and use of cells that secrete Factor VIII and other liver secretory factors
for the tr ewdomBisoqk2 di seases associated with a deficienggThgu@ 01944 NMOT €

| iver secreted factors and/or a deficiency in liver function. Ing the

met hods described herein, isolated cells retain the capacity to 10 secrete
Factor VII1 and other |iver secretory factors for extended periods of tine
and thus may have a wi de range of applications, including, but not imted

to, thei CURAUREANRUSE OB CEELSTHAT SECRETE LIVER SECRETORY
deficient liver by, for exanple, inplantation. 15 BACKGROUND OF THE

I NVENTI ON Many di seases, deficienci FACGROR®ditions can be treated by
supplying to the patient one or nore biologically active factors produced
and/or secreted by Iliving cells. In.many cases, these factors can restore
or conpensate for the inpairnent or |oss of organ or tissue function. 20

However, TRWCHNIGADIEKRD | oss of organ or tissue function may result in
the loss of nmultiple netabolic functions. For exanple, it has been reported

that i5: ful mi n¥he iheentiow rélatesunoethel ¢ulare tarslsuse of celln dhaie sedretealfadtdre of
renovi ng toxins excreting the products of cell netabolism and secreting
essent i al VAHcanst athes liver secretory fastarsdlion the treanent of diszases asociased with

Bl ood, 69, . .1721-1724 (1987)),.. .25 In di seases or nditions, the
af f ect ed 8#8%#16?03& 1L SRE ¢% chq%ﬁ%ﬁ 5 ﬂ}ﬁ&ﬁ %r@%ﬁ”&yn’é‘nﬁgg
responsi v, taidhe physiological state, by, for exanple, responding to
fluctuations I n the levels of specific netabolites and/or physiologically

i mpor t ant  subs tsge she thethedy deBdriticl herdin, higoRed 281§ retali 4k bhpavily feact or
suppl ement ati on_t herapy cannot conpensate for the 30 responsiveness of the
nor maB0t i sewetet Baatoe ind otherilives seendtdryi factors for extendetd pedodh ofitimsed

responsi veness to th hysi ol ogi cal st at lead tp C [ication I VWO
2002/ 0941@8 F‘E‘W m&gﬁg& %ange 0? appﬁc&? ns, einc uding, %r{R not nmtea to,
their use to augment, replace and/or reconstitute a functionally deficient liver by,

for example, implantation.

15 BACKGROUND OF THE INVENTION
Many diseases, deficiencies and conditions can be treated by supplying 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.

20 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, et al., Blood, 69, pp. 1721-1724 (1987)).

25 Tn 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 camnot compensate for the

30 responsiveness of the normal tissue to these fluctuations and failure to Iprovide
such athumed responsiveness to the physiological state may lead to complications
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of the disease state. Accordingly, many investigators have attenpted to
reconstitute organ or tissue function by transplanting whole organs or
organ tissue to provide secreted products or effect nmetabolic functions.
For exanpl WO 20083416 anspl antation is the 5, established poOetEys/E@s24
end-stage |iver disease, as described by Starzl, et at, N. Eng. J, Med.
321:1014-1022 (1989). In another exanple, patients wth henophilia A have
undergone liver transplantation as a result of liver failure resulting from
hepatitis acquired fromthe bl ood derived factor VIII. In these instances,
t here has been a conplete cure of the henophilia. However, 10

transpl antati op ther Is limted in its application by the scarcity of

or gans a\‘%&i‘lﬂéﬁse&@é&%ranspl antation. For exanple, it has been reported
that nore than, 25,000 people,die each year in the United States of |iver
di sease (Mur phiccaydinglie aany investigalgss Aaye attegmted (@ TpConstitile eigansor Rep.

2000; 48:1-10 d,11% of , t |isted f t o] ti in 2001, di ed

ahi e e B55HG BPIRGA b3 Al RS ol b s ot raih HRRRGIS brghde Aedetith ment
dT ' j fi ' f \Sh .

_I%gci pir 22? éﬂoﬁ%gg\?ﬂ 24&EIﬂrn'lgtg@%Ee!lr]")t:g ?it%&gﬁgg%i Ig%{ e%usg@%;\%\éér}g%%s 15 15@‘%& ggesi on or

| mungyodadtatitishiad| th or'éngaasé uw&éa@a: a‘saﬂesfc?ib%&,tbosﬁ Sg%l,té”t%zl., N

transplant, which resudlts in s of transplant functi event ual
necrosi s Bhg! e Red.r 323di0ddt HiPDrd989Nr tins smetherovrmaple, i patiasis updtessi ve
or inmmunonodul atory therapy generally inpairs the patient's overall

i mrunol oghempphidiar Anbave wdé&gpnea}wahml@nmm iapresultyof divendailbesks of a

hyper t ansTestiin oe FTRE SeaBte P, e DRboRci G Hrker S dp b ' 1
or eover . isbirRcBPRRGRChal 508 £!UBNFICRS GRE o6t B henBphfl "I HUerRl " o°

and incidence of rejection eplso spl'ant must” femain

functigpnairahsilastationkheeipyods dimitedren iy pplichtibh by tesacadety of dréns
patients lifetinme. It is both undesirable and expensive to maintain a
pati ent i availabilenfon dmopplavtation. dfori ewamplepduhat beers repartéd that monb shamt i al

period of _ftine. 30 Transplanted,cells. m rovi de, greater ntjal _for

treating 35105@@601)&? gi e Ehé@a%%ﬁl]‘%ymg‘%cgwt‘fﬁ gﬁilggr %ﬁﬁf@%ﬁ ce or

suppl emenieaaf\ " ihal' td $6:51998. Natl. Vital Stats, Rep. 2000; 48:1-105), and 119 of
those listed for transplantation in 2001 died while waiting for an organ (Annual

15  report of the U.S. Organ Procurement and Transplant Network and the Scientific
Registry of Transplant Recipients, 2003).

In general, the patient must wundergo immunosuppression or

immunomodulation in order to avert immunological rejection of the transplant,

{ * which results in loss of transplant function and eventwal necrosis of the

20  transplanted Norgan or tissue. However, imumunosuppressive or

immunomodulatory therapy generally impairs the patient’s overall immunological

defenices, 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

25  effective in altering the course and incidence of rejection episodes. Typically, the

transplant mwust 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 immunomodulated state for a

substantial period of time.
30 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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WO 2005/ 094162 PCT/ 1 B2005/ 001324 which, due to their insufficiency or
absence, cause disease. Cell inplantation therapy has an advantage over
traditional factor-supplenmentation therapy reginens as the transplanted
cells can VEQpWAE94162 f| uctuations in the levels of specipeernmbaokelist s
and/ or physiologically inportant substances in the, recipient. 5 The rel ease
of therapeutic factors fromthe transplanted cells may be properly

regul ated provided the transplanted cells have the necessary receptors and
ability to respond to endogenous regulators. Cell inplantation therapy has
an advantage over traditional organ transplantation therapies in that the
avai | abi kitivhofus bl thebuirisabficichey ornabsenédt tane difedse. Il !in@é:&ﬂnﬁ are
sui t abl e organs from cadaveric or |ive organ donors. In addition, Il st

cel I's whitkdrapyehao BE OPhREEedovBy ®sditiohsl Wactor-supplerh@tthtion athdsy Met hods
have been devel oped to prevent the host i mune systemn from attacking and

t her eby cegimieny 4 éhaldémnsplahtegdheellspimrespndetd fluctuationgsin ther levelaopl e,
placing cells, in devices that provide a physical barrier between the cells
15 and t 1§peqibistmetabehinscansy/ar physiclogispdly impurtand substaneesaititheutecipientof

e Wbl Tl o i,
610l el TR Gk M A SRR 0

have a n&bl@@@o&ﬂrmtﬁrﬁog@ﬁ@g@gﬁlmﬂsx ure of hepatocytes and ot her
non- hepat ocytes which are capabl e upon inplantation into a patient, of

secreting |i vdcelteimplantatiotiacherapy Wasr aby adiantage hover gsaditioniln orgaust
cel]ls which afe spyitgble for |long term.inplantatjon. It ul.d al so _be

desi r abl @%P{?M@ #as iy thas, E@é’ﬂi@b% (e ISP“&WG\A%IHEP??IWB?H
secret.ory .aclars. fr | 1s ot her t hepat t es_and ich are

Sui t%l e 1?%‘3‘ f.\ﬁ}#e Saﬁngﬂltgﬁ‘? 053?)%& ' 8%&%"%‘&@8me5%@ H??Oi 5 an obj ect of

the invention g0, i hRY cdlfvVaisis L LU ' or to

provi de the pu%‘] ?‘gﬂ‘\}ma{tihn%usefﬁll chol Ce%&gﬁ%érm%@nééeﬁﬁgﬁf{l@%\t% In a

first asgest, vdrfousr eeerids avenbésandevelopetbso preweinbalic host ihmunengsteanm 3
from attacking and thereby causing the death of the implanted cells, such as, for

example, placing cells in devices that provide a physical batrier between the cells

15 and the host’s immune system.

However, the isolation and culture of hepatocytes for implantation to
secrete Factor VIII and other liver secretory factors, is difficult as hepatocytes are
easily damaged and difficult to culture. Their long term culture and efficacy

‘ - once implanted are therefore not fully characterised.

20 It would therefore be desirable 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
desitable to have a method for producing Factor VIII and other liver secretory

25  factoxs 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.

30 STATEMENTS OF THE INVENTION
In a first aspect the present invention provides a method for the long term
3



WO 2005/ 094162 PCT/ |1 B2005/ 001324 cul ture of hepatocyte cells conprising the
steps: commuti ng hepatocyte tissue in cold DVEM and i ncubating for up to 24
hours at 4C, twice digesting with liberase(r) at a concentration of 0.2nmg/ m
in the 5 PHEMBNEWIE |ignocai ne; separating the di gest edptrgnoenaifascel | s;
and culturing in nedia conprising allogeneic serum Preferably the

hepat ocyt es are neonatal hepatocytes. In a second enbodi nent, the present

i nvention provides a nethod for the 10 long termculture of at |east one or
nore non- hepatocyte cell type capable of secreting one or nore liver
secretor;cultarﬁ@fgé?pfﬁ@@)de@@ poampaispg destepshe st eps: commuti ng

non- hepat ocyte tissue in cold DVEM and i ncubating for up to 24 hours at 4C;
twice di gesti mgmmuting hopatesyte fissie.ift cotd BMEM andpncebatihgforutpeto 24 the 15
presence of |ignocaine; separating the digested non-hepatocyte cells; and
culturing in h@ul‘saatéﬁ’géri sing all ogeneic serum wherein said at |east one

- hepat t I, t I S.sel.ect f t h | stj ng. of |
D1 adder ep 1 noVicH disbfile Githr ibfasas atchunreRkaton o 0oragld” i b 20
epithelial cel | Ley .endot helial cells, hepatic vessel epithelial
cell ss hepat i girég\;ggégfhgﬂﬁéqlﬁ% ial cells, sinusoid cells and non-parenchynal

liver cells. %ﬁrﬁgﬁél{%%%gégwaq%ggc ) a%acl udes the step of

co-cul turing ocyte~c S W th hepatocytes. Preferably, the

non- hepatocyt@mgﬁhg,mmaggﬁ{mgem@dngimsed, are 25 neonatal

cells. The one or nore |iver secretory Factor s may include al bum n, bl ood
cl ot ti ng Praferably the tiepatocitestave nebhdtabhiepatmtyes. | X, growt h and/ or
differentiatign factors such as grow h hornone and anal ogues_ t her eof,

i nsulin-1ike drRawserontdagmbedisnentafs prasert inyention preyjsies ot meathed dox ther act or

o, e e e S 0hre S BRI e b B0k R 2R B e

secreting one or more liver secretory factors, said method comprising the steps:

commuting non-hepatocyte tissue in cold DMEM and incubating for up to

24 hours at 4°C: |

twice digesting with liberase® (0.2 mg/ml) for up to 10 minutes in the

15 presence of lignocaine;

separating the digested non-hepatocjrte cells; and

culturing in media comprising allogeneic serum,
wherein said at least onc non-hepatocyte cell type is sclected from the group

-consisting of gall bladder epithelial cells, gall bladder endothelial cells, bile duct
20 eﬁithclial 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

25 neonatal cells.

The one or more liver secretory factors may include albumin, blood
clotting factors such as factor VI 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

30 fibroblast growth factor and analogues thereof; or hormones such as
corticosteroids.



4 WD 2005/ 094162 PCT/1B2005/001324 The co-cul turing of non-hepatocyte cells
wi th hepatocytes helps to nmaintain the phenotype of each cell type.
According to a further aspect, the invention provides a nmethod of producing
one or nor VP2UMS0IE2r et ory factors in vitro fromat | easeceng09tsh

hepat ocyte cell type selected fromthe group consisting of gall bl adder
epithelial cells, gall bladder endothelial cells, bile duct epithelial
cells, bile ducg endot helial ,cells, hepatic_vessel .epithelial cells,
hepatic vessel ea-geltuing cof Inon-hepaangoi el M@ﬁhﬂlﬁpﬂmm @l |iver
cells, said nmethod conprising the steps of. 10 isolating said at |east one
non- hepat maintainghe phepotype efieadhicald tyg.d at | east one non- hepat oeyte cel |
type in nedia supplenmented _with allogenei¢ serumfor time sufficient to
al | ow secreti cg‘gfd% (r}ooﬁeﬁg?h%ﬁ@ecgi IR, DFOYICE of sTIE Ofie nedi a;

Sacr ot oryrSip et By ARt Kyer BhortR tolol iR Mol bt B9 30" ey
non: hopat REbTEYEPH (PR RIBGHTGR e grolif it Orpll Sladder SR

tissue. 2@elf;caaltii bladtler aerfdothdlen asihgchilel dibie dpithelial aelishebite | duger ovi ded
an inplantablé& conposition conprising at | east one non-hepatocyte cell type
capabl e  epdothéeligll celis phépatic nessebepitielipl eelis, dfepatic vessel@ndothedial celle | ver
secretory.-factors or of providing- one or nore |jver netabolic and/or

physi ol ogsisuseidceslisnand nomparenchymp! diver aghler said smethod memprising che

non- hepatocyte_.cell type is selected fromthe 25 group consisting of gall

bl adder eﬁ?ﬁﬁ@f'i al cells, gall bladder endothelial cells, bile duct

ot 1 s Repari 0l A EH TP R RS, S SR ol <%ana non- par enchyma

W
liver cells. Chjth@idl dad at st ORR ANt HepRtdaytd e hidia BeRAteeHied cells.
Preferably the at | east one non-hepatoCyte cell type and/or hepatocyte cells

30 are newwith allogepklcsserum for a time sufficient to allow secretion of said one or more

liver secretory factors into the media;
harvesting said media; and
15 optionally isolating or purifying said liver secretory factors,
Optionally, the at least one non-hepatocyte cell type may be co-cultured
with hepatocyte cells.
Preferably said at least one non-hepatocyte cell type and/or hepatocyte is
isolated from neonatal tissue. |
20 According to a further aspect of the invention there is provided an
implantable composition comprising at least one non-hepatocyte cell type capable
upon implantationt into a recipient of s\ecreting one or more liver secretory factors
or of providing one or more liver metabolic and/or physiologic functions to said
fccipient, wherein said one or more non-hepatocyte cell type is selected from the
25 group consisting of gall bladder epithelial cells, gall bladder endothelial cells, bile
duct epithelial cells, bile duct endothelial cells, hepatic vessel epithelial cells,
hepatic vessel endothelial celis, sinusoid cells and non—pe-lrenchymal liver cells.
Optionally, the composition further comprises hepatocyte cells.
Preferably the at least one non-hepatocyte cell type and/or hepatocyte cells

30 are neonatal cells.



5 WD 20051094162 PCT11B2005/001324 According to a further aspect of the
I nvention, there is provided a nethod of producing one or nore liver
secretory factors in vivo, conprising the step of inplanting the
conposi ti OKO 20¢5/4962i nvention into a patient in need therREdfIB2RsHdERab] y
sai d conposition provides |liver secretory factors or provides 5 |iver
met abol i ¢ or physiol ogic functions over, an extended period post

i mpl ant ati on Abeeeardinggior  further aspect ag thecinventionethese as provided armethod
provided an inplantable conposition conprising one or nore aggregates of at
| east oneofhprodukigacne pr enensl liveryseeretarsn faatotspimnvivep campaising) the sepaof
reci pient, of producing 1Q and/or secreting one of nmore |iver secretory
factors, implasiing the eompositigns ob the inyantion patoadpatient én need thereef. sel ect ed

fromthe group,consjsting, of gal.l bladder .,epithelial cells, gall bl adder
endot hel i al c&ﬁ‘?m ] %algu‘ERmB§$1flﬁBIPrQi"1‘§él 1%‘% B?qrﬁtoﬁﬂcfamﬁﬁdﬁt BOVIgEs cel | s,

ol 's Sanctifan-pepblRy ol HRbisdol TiEht Godkendiis, 3 VEERIEL JBRIO: 2o% Ui her
conpri se Qﬁ:@ﬁh& e cells. Preferably, the at |east one non-hepatocyte cell
type and/ or*'hepatocyte cells wused in the nethods and conpositions of the

invention are Reghrding' 4688 Aftter: asgdetioF @ VinvenSoR! thefaSE SRfvided an
non- hepat ocyte cell type and/or hepatocyte cells used in the nethods and

conposi t i implaatabld eomgwsinidnwbm Hsing iRt & more aggropanssiof Adeaq! dife nder e the
I nvention conprises e use of hepatocyte cells, the hepatocytes may be

i sol at ed hepatocytenaailitype capable uhponr émplentitioointel asredipienty @f- prodwoirtgal | sed
cell cultures such as those available fromCell Dynamcs LLC (Snyrna,
Geor gith, wsKpr seareling ope of Merglier seererary dactoss, vvrkerais $ad atilesst oiaon-25

cell's, mbesitpraperelb 8ol SoRAHer ERBkn P CRBNSRI SR B BRIGE | o
o e Tl (RIS BRGS0 T B TRY U s
2:0.5,  3EnhdstRERAIOR1NE, hepatic vessel epithehial cells, hepatic vessel endothelial cells,
sinusoid cells and non-parenchymal liver cells.
15 Opiionally, the aggregates further comprise hepatocyte cells.

Preferably, the at least one non-hepatocyte cell type and/or hepatocyte cells
used in the methods and compositions of the mvcnﬁon are pig or human cells.

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

- used in the methods and compositioﬁs‘of the invention are nconatal pig or human
;20 cells.

Where the invention comprises the use of hepatocyte cells, the hepatocytes
may be isolated from commercial cell cultures 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

25 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,

30 preferably 1:1.



6 WO 2005/ 094162 PCT/1B2005/ 001324 I n one enbodi nent, the one e liver
secretory factors is a blood clotting factor. Preferably the blood clotting

factor is Factor VIIl, or Factor IX. Alternatively, the blood clotting
factor is W&xWFAMI@r VIII and | X. 5 Wien the bl ood cl ot tROWIBR26651001324 S
Factor VIII, von WIllebrand factor is also secreted and, nore preferably,

von Wl lebrand factor is associated and/or conplexed with said Factor VIII.

I n anot her entigdpneEmbddiment)ether oi®r e | i verlives aeetetory ffaabm $s iasbivodr owt h
and/or differentiation factor. 10 Preferably the growth and

di f f er ent ¢latiirgnfacemt or is selected fromgrowh hornone and anal ogues
thereof, insulin |ike tggowt h factor and anal ogues thereof, hepatocyte

growh fact ﬁrernémm ot “@“‘%%F‘“‘;'ﬁﬂi‘“’?“ﬁ?’?‘ﬁ e Bt of 8Nl o
fact o?s is an A ?ﬁb qhbloeﬁ Qg dneion is bath {;&r! waddet e cel | ty)p/)es
g:s“;feg? Ir lr)]:‘/e'? hfer%éﬂﬁ?bfpﬁgpﬁ% a;:éﬁ%?g?eto&”. ;e”twﬁeﬁ%ﬂaﬂ tr%s gh{;’ﬁff;
a defici gﬁécr E’S %p@%gr%ﬁy,l \/Vg)P E‘&@%@?@%& @g (%}‘ QQOWBF@?%S qlﬁg

i npl ant at o0, gxﬁ%ﬂﬁﬁﬁtf"a\éfow.m of one or nore inplantable conpositions

of the |nven I on 0 a patient 1n need thereof. Preferably, said one or nore

i npl ant abl e commemmbﬁamnt,smegaid or RloRél tier Qﬁr&fwl( ifattoeeld # ghdWith
hepatocytes in a ratio between 0.5:2 to 2:0.5, 25 preferably in"a ratlo of

1: 1. Pref endior differentiatibe fowéa@r. or condition is chronic liver insufficiency,
liver failure, |liver disease or aI caoholic |iver disease. |n one

emboditrent , saPeferably ecgr@m,tb ﬂ?@rmumoyef@@@ru is selagtechinom growthct i on,

and in patlcular I nfectio he titis A I rus 0 According to a

Furt hor " abpueond ind pBalbgyenhelbet B ke, Srpy Giacion Ak nplogics Hefeor,
hepatocyte growth factor and ana]ogues thereof, or fibroblast growth factor and

analogues thereof. |
In another embodiment, the one or more liver secretory factors is an
15 enzyme.
In one embodiment, said non-hepatocyte cell types are derived from the
same species as the recipient.
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
20 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,
25  preferably in a ratio of 1:1.
Preferably, sald 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,
130 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

7



treating a patient suffering fromor predisposed to a blood clotting di sease
or 7 WO 2005/094162 PCT/1B2005/001324 condition conprising the inplantation
of an effective amount of one or nore inplantable conpositions of the

i nvention tWORUEAB#BAt in need thereof. According to a fumidias@sieGhs Of the
I nvention there is provided a nethod of treating a patient suffering from
or predisposed to henophilia and/or a blood- 5 clotting di sease or di sorder

conpri si ngohditionpbmptisirigo theoimplantdtionr of e effective ainomt of oneror more
i npl ant abl e conpositions of the invention to a patient in need thereof.

Pr ef er abl ymplirablersopdpdsitionssoftthadmverition tb.a pltdintinneyd deireof, npl ant abl e

conposition conprises pig or human cells. 10 Preferably said inplantable
conposi ti on coducosding tearfarther aspertof theriaventidn there heprovideths atdthod of
conposition of the invention, conprises cells encapsulated in a suitable
bi oconpat ittsaéingea patient seffering fremgempradisposed o bemophidia and/ar subload e

devi ce_(sucgh ,as vascul ari zed tube ,or  Theracyte deyice). 15 cells
encaps8l atci‘hmﬂg ‘grﬁﬁals?' or ﬁﬂ%ﬁé?raqqmm&gaéhe %Pg’@%?‘h‘?%[% efiggve amoyng ot

natural carbohydrate.po ns; . .and/ or cell.s,confined in a plasna. thropbin
clot incl @&cnﬁyﬂ?@ggﬁgﬁﬁlﬁs‘ﬁﬁnﬁ?ﬁ@m of o@&cgﬂ'e\ﬂﬁf’ﬂ '?9 Poﬁéth“é} c BFEHDI n.
Accor di ngsql&.egf\ot her aspect of the invention there is provided a nethod of
20 admi ni stéring a blood clotting factor to a patient in need thereof,

wherein said lphoodig gm%éﬁgl-gﬁ%gémgﬁﬂiae}@d and/ or associated with one

or nore factors capable o nci activity, stability,

bi oavai | abi | tPreﬁ%l?rsaﬁf a‘:ﬁmﬁwbﬁccﬁﬂgésigg?%ﬁa;ﬁis% #;ig}ﬁrﬁ celigherein the

nmet hod conprises the I'nplantation of a ecti've a t of one or nore

i npl anpabl e coiRreferiblynaidimplantablycnhiporitive codiprises depdtabedlls. The .

i mpl ant abl e conposition may conprise pig or human cells. The inplantable
conposi ti on naPrefengslys thensoplantdble ebinpositicer of sive yireentionhlconprisentcellng
factor is Factor, VILII, r preferabl_é sai d | ood clottin .factor i s Factor

., m : .
Vi1l and s@capsHatedinfouaiablechigeempatiBlemagrial (such as alginate); _
cells confined in a suitable device (such as a vascularized tube or

Theracyte™ device);
15 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 another aspect of the invention there is provided a method of
20 adwmimistering 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 enhancing 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
25  said patient,
The implantable composition may comprise 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
30 enhancing the activity, stability, bioavailability, and/or efficacy of said blood

clotting factor is von Willebrand factor.
8



30 enhancing the activity, stability, bioavailability, and/or efficacy of
said blood clotting factor is von Wllebrand factor. 8 WO 2005/ 094162

PCT/ 1 B2005/ 001324 According to a further aspect of the invention there is
provi ded aveReds®dilot treating a patient suffering from @CTABAGSEPSEEd to a
di sease or condition associated wth a deficiency in a netabolic and/or
physi ol ogi ¢ functign of the, liver, I d nmethod conprisin he i mpl antation
of an effecti Mcarﬁmgﬂoaffuﬂhér%specsoti&eém%n%ﬂm&p 2 &oft he

col 1o MrcaRuga) Paes SuiteUOE. TOm BresR R ol iseispsor TSR ace o
6 coase: PRpBATOINS GRS o S SR bR ol f ok
st L IFREYsmd SRS ClmBlioResh WofaiRth BY an HGEnodof nc oF .
"aspeck Ofménféelni;ilé(ﬁ%lé)ébrhggfiﬁoﬁgPﬂﬁ‘&hﬁékﬁi& heYatidly, | east one

non- bepat ocyt e “ce type ected fromthe group“consisting of gall bladder
epi thelial cePreferalilylthélongesitondanniseslpig ol himabideisduct epi thel i al

cells, 15 bile duct endothelial cells, hepatic vessel epithelial cells,
hepati ¢ vesselPreferabiyliké cainposition, comiprises ndonatal sellsaid non- parenchymal i ver
-cells in the manufacture of a medicament for treating a patient suffering
from or predi Jhesdigeaseoon condidtonemay cronpitiss chranie dbﬁeatiasm\%idmcg, disfer ci ency

in or absence of a . Jiver secreted factor, 20 Preferably, said nedi canent
further c@gﬁi‘qs W@rﬁ@ﬁﬁ%(%ﬁgﬁhohﬁ;?%’ef &% abl y, the nedi canment conprises an

opaclhsves SRR 40 oot B s Sheatty
1:1. Pref, : i ' . Lt i : : : o |
iver  ouianel afd b RS oA 1iRalifs A BB A S T one

enbodi ment . S Ghordid!dol £ Rt ashadt| off the GivettRAPRRré Is FRNIGH BiseiofCt 1 ON.

and in particular, 1fnfection with hepatitis A or virus. According to a

further dgagcéne nontigepat@ié il typRr selectedrfoainddet arowse cohsisting of gall
bladder epithelial cells, gall bladder endothelial cells, bile duct epithelial cells,
15 bile duct endothelial cells, hepatic vessel epithelial cells, hepatic vessel
endothelial cells, sinusoid cells and non-parenchymal liver .cells in the
manufacture of a medicament for treating a patient suffering from or predisposed
to a disease or condition associated with a deficiency in or absence of a liver
secreted factor,
0 Preferably, said medicament further comprises -hepatocytes. More
preferably, the medicament comprises an implantable composition 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
25 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 use of at
least one non-hepatocyte cell type selected from the group consisting of gall
30 bladder epithelial cells, gall bladder endothelial cells, bile duct epithelial cells,
' bile &uct endothelial cells, hepatic vessel epithelial cells, hepatic vessel

9



| east one non-hepatocyte cell type selected fromthe group consisting of
gall 30 bl adder epithelial cells, gall bladder endothelial cells, bile duct
epithelial_cells, bile duct endothelial cells, hepatic vessel epithelial
cell's, hep¥AWY/RYLI@ 9 WD 2005/ 094162 PCT/ | B2005/ 001324pengpbhgioial cel s,
sinusoid cells and non-parenchymal liver cells in the manufacture of a

medi canent for treating a patient suffering fromor predisposed to a blood
clotting disease or condition, such as henophilia, and in particul ar,
hemophilia A. 5 According to a further aspect of the invention there is
provided a use of at |east one non-hepatocyte cell type selected fromthe
group comeothaliay oellgyaisinuseidigeells epnd h@ﬂ‘ﬁﬂl‘f‘é’@ﬁmalg Er breliein ot hel i al
cells, bile duct epitheljal cells bil e duct endot helial cellg, hepatic
vessel BRRWECTHE Of & PEdicREISRE fer (reating & PaHSw; FUfSTITe o of PErdisRONd cel | s

and non- RY; I st reat | g@?ﬁ'e f ] from or
pr edi spotg Z‘%ﬂkg&g%tg&elgs(gg%ér%%cé)ﬁ8%@418%ﬁhgﬁsd£ ﬁ%’ih gg}ﬁ) é”a“%é#ié:ﬁ%@%r’i n a

net abol ieragghifia Ahysi ol ogic function of the liver. The disease or condition
may conprise chronic liver insufficiency, liver failure, liver disease, or

al cofol i ¢ | i vaecardingaoea funthermaspeetrolithednventien thare dsiprodided ayyserof ature or
di sease j s caused 5 infection, and i.n.particular, infection.w th

hepat i t | 4% BRe @%%I?%OWEC@&%W §§‘Fﬁtepreﬁ'°%m‘?1tgrﬂgg (ﬁqnﬁgﬁnﬁePgigﬁhi s an

I mpl ant il a | We Pl C Sarsi I y said
medi carr\e\a‘?\)ItEi a‘é%‘ﬁ%@ ?Zéé{sal %&gﬁhggl@gﬁ ?%P&Eog?%%sgbﬁéyéﬁpﬂg (?rleé i%’a’trreﬁtfafccgﬁ%ri ses
cel I's ergidpsduat esidbtheliabubdlth| hepa biasselnupithblisl nadll( i Bépdtiu cvesas]
alginate); cells confined in a_sultable device (such as a vascul ari zed tube

of  Thereidathdlial deslise sinuseid (cslls mpdpaon-paranchimahilivex gallsptoratreating such as
latin, coll . and/ tay al dr ate pol - and/ N

onithocpftiens YRR o on Prbciliised 1 AINGRI SRR Sl iR ™ | °

produceddaﬁéien@;}hpﬂwélsoﬁcgw:mﬁhys%mg{&ﬁﬁ&tibaof%eﬁv&wther aspect of the

i nvention ther€ 1s provided a
The disease or condition may comprise chronic liver insufficiency, liver

failure, liver disease, or alcoholic liver disease.
In one embodiment, said insufficiency, failure or disease is caused by
15 infection, and in particular, infection with hepatitis A or B virus.
Preferably said medicament described hetein is an implantable composition
and comprises pig or human cells.
Preferably said medicament comprises neonatal cells.
Preferably, the medicament comprises cells encapsulated in a suitable
20 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
25 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

30  comprising one or more implantable compasitions of the invention.
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device for inplantation into a recipient suffering fromor predisposed to a
di sease associated with a deficiency in or absence of a secreted liver
factor, the_device 30 conprising one or nore inplantable conpositions of
the i nvent i8R 200¢9%622005/ 094162 PCT/ | B2005/ 001324 Sai d dipegasenesRyisso Pl i Se
a bl ood-clotting disease or disorder, such as henophilia. The device may
conprise pig or human cells. The device may conprise neonatal cells. 5 The
devi ce may conprise: a capsule conprising a suitable bioconpatible nmateri al
(such as alginate); a vascul arized tube or chanber, nore preferably a

Ther aCyt eTH devi_ce,, available from TheraCyte, Ing., CA; mat ri x preparation
conpri si ng geld@id liSGaAse TARE FOTMPRHL o} %%Pm&@l@&ﬁ%éﬁ QrdsT, oMY s; or a
pl asma t hronbi.n.cl ot including an allogeneic plasma clot produced with

al | ogenei anWHHBin. This invention may al so be said broadly to consist in

t he parts, el : : ﬁﬁﬁﬂ or indicated in the
specificationqgﬁq%ﬁgmggp %@g##%ﬁ?né§gﬁln |&% Sélly or collectively, and any
or all conbi nThealkesicf mayyotappisomeonsital ofllssai d parts, elements or features,
and where specific integers are nentioned herein which have known
equi val ent s i Aheidevigemay cempEet hi s i nvention rel ates, such known

equi valents are_deened to. be incorporated herein as.if. individuyally set
forth. 20 DESERAPTHEROHPIISHE %P@ﬁ@%bﬁ?“gﬂj’?@lﬁaé‘bﬁtﬁ@ (&u@?aﬁﬂ%ﬂmp ctor VIII
andalburrinpo,glékg' Vi | srl.fgf.%e'bﬁ | anpl e
1 herein; Fi gére h@%egttgﬁg (g‘regp o?lt':ﬁnl%ér}n%%é%?%tggca?i on yﬁﬁepg?%@gﬁ

pr epar at iagaiiabléFrara TiesaCytlecthd NCExanpl e 2.1 herein, wherein ARF+FBS

i ndi cates hepat oc&_’grxes grown in the presence of mtomycin arrested
fibrobl asts (ARRNA{K nErEParaligen| epmprisimoni gelating ¢ellagenpoand/er natural

10 carbohydrate polymers; or

a plasma thrombin clot including an allogeneic plasma clot produced with
allogeneic thrombin. |
This invention may also be said broadly to consist in the parts, elements
and features referred to or indicated in the specification of the application,
15  individnally 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.
20
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
25 as described in Example 2.1 herein, wherein ARF+FBS indicates
hepatocytes grown in the presence of mitomycin arrested
fibroblasts (ARKF) 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 serum
30 (PS), ARF NO 8§ indicates hepatocytes grown in the presence of
ARF in serum-free media, COLLAPS indicates hepatocytes grown
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serum (FBS), ARF+PS indi cates hepatocytes grown in the presence of ARF in
medi a suppl enented with 10% porcine serum 30 (PS), ARF NO S indicates

hepat ocytes grown in the presence of ARF in serumfree nedia, CO.T-i-PS

i ndi cat es H@gé?”é@?i@% grown 11 WD 2005/ 094162 PCT/ | B2005,0@ABRMs bR 380! | agen
coated flasks in nedia supplenmented with 10% PS, C+PS+F indicates

hepat ocytes grown in collagen (C) coated flasks in nedia supplenented with
5% PS and 5% fi brobl ast-conditioned growh nedia (F), C+PS+S indicates
hepat ocytes grown in 5 collagen coated flasks in nedia supplenmented with 5%
PS and 5% Sertoli-conditioned growmh nedia (S); Figure 3 depicts a graph
presenting al bum n pnozbliagenncdated ifaskbin shediansupplemehtededithml 8%pASsnent ed
wi th porcine serum (F+PS) hepat ocytes in growh nedia sus)pl enmented with

porcine serum 10 ( H&HR$EY indisates hepaiosyies srewndnsobagen€e) ceatad ilaskset al
bovi ne serum (Hep+EBS) . ,.as cribed i I erein: Figur

depi cts a graph preéﬁﬁ%’?q{a S@%ﬁf“&%ﬁ#é“@’f%ﬁt@éﬁ%ﬁ@ﬁaﬂ"gﬁn OSSér
standard procedure Hwlig ol | e5pegsa ingiched, rié@ﬂ I Ry Exanpl e
4 herein; 15 Figur ea%g‘évg%i cts ﬁ {Fr;apﬁ pr Eerger:?imr?g al matr?@g%ductignq%y

hepat 6cytes i sol at emlﬂagenuoam‘la‘gntksdln muéaiiz dupplementds) witheS %P3 and G9eni a

met hod, as described in Exanple 4 herein, Ejgyre 6 depicts a graph
presenting factor ViISartgli-s Bed BTOW 65‘)/@8 i sol ated by our standard

procedur gand. Ry th | ' . . l1s, as
descri be 'F’"_"ffgarrpl e ei’%tgedr ﬁ%?%s&ﬁ ngeéslﬁ%\%s”_l g%l?né&n&fé&egé%%?%smﬁ

hepat ocyt es i ncor porgb@dhi m&litm Tagpiénéedevwige Eﬁtdih@l B&fm N(F4PSY, as
described in Exanple 6 herein; 25 Figure 8 shows Factor VIII rel ease from
hepat ocyt es i ncor porkepatodytes iz growdh amdia sippleraentailnwithnparcine enmm, as
descrllobed 'n Bxanpl e(l-?ep +PS), hepatocytes in media supplemented with foetal bovine

serum (Hep+FBS), as described in Example 2.4 herein;

Figure 4 depicts a graph presenting cell counts of hepatocytes isolated by
our standard procedure and by the cold ischemia method, as
described in Example 4 herein;

15 VFigure5 depicts a graph presenting albumin production by hepatocytes
isolated by our standard procedure and by the cold ischemia
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

20 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;

25 Figure$ shows Factor VIII release from hepatocytes incorporated into a
TheraCyte device maintained in vitro, as described in Example 6

herein; and
Figure 9 shows the effect of encapsulated pig cells transplanted in
haemophiliac mice.
30
DETAILED DESCRIPTION
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herein; and Figure 9 shows the effect of encapsulated pig cells transplanted
in haenophiliac mce. 30 DETAI LED DESCRI PTI ON 12 WD 20051094162

PCT/ 1 B2005/ Q01324 It has surprisingly been found for the first time that
non- hepat othOemB%(W‘%‘z are capabl e of secreting |iver secr qicqr,ﬁn&ﬁ%ﬂ.rﬁ. Mor e
specifically, non-hepatocyte cells selected fromthe group consisting of
gall bl adder epithelial cells, gall bladder endothelial cells, bile duct
epithelial cells, bile duct endothelial cells, 5 hepatic vessel epithelial
cells, hepatic vessel endothelial cells, sinusoid cells and non-parenchynal
|'iver cells have been found fo be cagable of secreting liver cell factors

invitro. It i§ l‘ﬁ%rﬂ&fp@mﬂh&be% arghovkisst Mg thpt apR-bepatocytenedlls i n vivo
Pver RSBttt sedrastne e Sebon it Nk PecliibisT nobhebuortisyry
f ti ' ' . . .

non- hepaP Sy Seleigd "t BB Siot EORSER: VePeall Mol Siciiia il R

conbi nat biuddet tdadbeRNhDENESHIIE dierapithielino 8elld,obilé Mo Rndbthelial @ellyTan
hosts to treat liver diseases and disorders. It has also surprisingly been

f oundS t hhepatépsessel epishelind oeba, hegrticovsssel endpthelial setlapsinbsnidfcedlscangt | ng

il t f i sol ated usi |d, ischema step t

br oduce. RSP RAL Hiyes Calls dave oot v i Y cBagilsiof sRelGRIMR Rl Fact or
d s ' . el

VIl an tf%‘gﬁgs' Ox}rltfﬁf ﬁ%éfge%‘té(d {34 SRER cbﬂsnphﬂféﬁ tgﬁsglagféé& & Thg?&‘ﬁi‘vu%e S are

t hen sui I'ncorporation 1 nto an I nplant evi ce I npl-ant ati on
i nto pat ipanild algo prodate khe Hvetiaganty fatdodi #eh ey he @RfillNg weithdBver

conposi tions and devices of the present invention are useful for |ong-term
physi ol odliscasesyand disonders casseeiatasi withoa redugedelivemepsreiory fhoctdop.caliey acti ve

i f i.ndi vi dugl i dth f / id
needdd | matioh aB) Fatempiars i os: Bhiot TPaflcons AOGERAON e AR | n

need t her | tﬁ% : j ré,aﬁ,%: i SRnbifat h

i nventi or?ggéblle ?éf?%%e a hlﬁg@&%ﬁé& 0 R:rrlr-‘gldgcul e%ﬁ%%@?@%%%?%&%&g %&/ t he

liver. Feobngposititre, for implanting into human hosts to treat liver diseases and
disorders.

It has also surprisingly been found that hepatocytes and non-hepatocyte

15  cells capable of secreting lilver secretory factors may be isolated using a cold

ischemia step to produce more robust and viable cells which are capable 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,

- 20 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

25  include a wide variety of molecules normally secreted by the liver. For example,
Factor VI can be delivered to a Type A hemophiliac, or ctl-antitrypsin can be
delivered to a patient with o/l -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,

30 such as the removal of toxins or harmful metabolites {e.g., cholesterol) from the
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Factor VIII can be delivered to a Type A henophiliac, or al-antitrypsin can
be delivered to a patient with al-antitrypsin deficiency. The nethods,
conpositions and devi ces described herein can also be used to restore or
augnent vi twd eswesreredi at ed nmet abol i ¢ and/ or physiologic functions, 30
such as the renoval of toxins or harnful netabolites (e.gPCTARYI084%1826)
fromthe 13 WO 2005/094162 PCT/|1B2005/ 001324 bl oodstream by the at | east
one non-hepatocyte cell type, which, surprisingly show hepatocyte-Ilike
characteristics. Specifically, the at |east one non-hepatocyte cell type is
selected fromthe group consisting of gall bladder epithelial cells, gall

cell's. 3%@5{?9' iy 3Bl P Bt et ;\aﬁicbﬁaﬁfr%iatﬁéﬁiizfl o
devi cos. S0 Ep@RGyieile CRAGRERNARS, SpUARCARy. o al RAOHPAGH HEAMOCTR
the concesii ;l)qjﬁisrseﬁd:té@frohﬂmngw RioasRtingf tl Pladdér épitheliab celly, gialion of
treat ment. hrough use of the nethods, conpositions and devices of this

i nvent i ohladderrsodothsliel sellpabile cluchrepitheliabselsclde stugt endathedisbiceds.and/ or
physi ol ogi ¢ functipn .he restored and , nyj L ned..for. ext.ended | ods of
oS Lodesaste BeosebamftRial GeliSy hatic ireet Slathetiad Sonotinmeifgretls Ak
nunber o ' C | 1.11aNnS |-G EeRGI - nhorn errors
of rmet ab%??-?r#%?nw&%% Iﬁggejr(z gﬁ{r@%}@g’aﬁ% déggcesare %Em o "élctively
are comifikeTROssibledithe ofthflahtdtios Dfotelldewithoer ithy edndophier @eédrs of

met abolismrelating to the liver is single gene defects, which result in

abnor mal imimmosuppress sharevipiest for the: dinatioamf weatment.cThrougbangsotf, theat es, or

fats. Most jnborn erroqrs of apolismrelating t the | {veL are dque to a
def ect i H‘eﬁl I"G’Q‘me?%%f‘%g?dtem %nthésn “é‘ff‘[&’%é‘v g'P“Eﬁoéfaé?%?f PARAYIAY eads to
bl gck | ' ) Sk.Ql: 0O . ef |
Feouftf ¢ 5 EnstalEsTARYLE BPEBYRY  anidfls) BRVBIGE Sl R bE, MRRred kTN Y

accunmul apgintairied for expedied tpesiots oftighd.er nat i ve net abol i ¢ pat hways, and/ or

defects in energy production and utilization caused by a deficiency of
products beyoh@ss p€ opreductiondn lisex fnetion ismigspensible for egreatsnuymbet ofh

| her e Je Ll SR b rAraiodid FRFLRhmild b BB ey e

relating to the liver individually are rare but collectively are common, The

15  biological basis of the majority of inborn errors of metabolism relating to the liver
is single gene defects, which result in abnormalities in the synthesis or catabolism
of proteins, carbohydrates, or fats. Most inborn errors of metabolism relating to
the liver are due to a defect in a biological factor, such as an enzyme or proiein,

i which leads to a block in a metabolic pathway. Pathophysiological effects most

20 commonly result from toxic accumulations of substrates before the block,
accumulation of intermediates from alternative metabolic 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 ipherited deficiency of
25 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 severc category.
30 The established treatment is replacement by injection of the missing
‘ FVHI. Isolated FVIIl was originally derived in semipurified form from blood,
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factor VIl activity exists in the blood, severe bleeding episodes in
response to mninmal trauma occur. Henophilia affects about 1110,000 |ive
births around the world. About 1/3rd of these cases are in the severe
category. MNP IWFEHY| i shed treatnent is repl acenent by PEl/ERII0018% t he
mssing FVIII. Isolated FVII1 was originally derived in sempurified form
from bl ood, 14 WO 2005/094162 PCT/|1B2005/001324 and was thereby subject to
t he probl ens associated with bl ood-derived products, such as being a
potential source of infectious agents, such as HV, or Hepatitis B and C.

Bl ood-derived FVIII has, in part been replaced by re onbd'sna t factor VIlI.
| deal |y, amd|was ﬁ%ﬁré?ﬁ(/é‘hbﬂ%ghﬁeahﬂqu PHSQEiAL N@ﬂaﬁy)q derived psasaists, ve 5

(about  $100, 000/, . Furth , tralizj ti bodi |

Gener at edeh &8 N ABOLSTILE A< ot Ingeatins digerity Syctors Y, SR HRAERR Bc( or
Sooasi e o . s .

(r anspl anPlCo Btbbe syt FVIERRPR! pirf bl YTk REORPE facior VI,
acquired from Jtballyy BUEIdsr gived prdphllactivallyiebet tirsapyndesery kependies been a

conplete cure of the 10 Henophilia. Exanples of diseases or conditions
sui t alfl e (Rbeut $EO 00 yesr). ﬁmﬁwmmm@a Bpytibodiessman begsperated én t he

present ipvent.ion,i,ncl ude,di seases .condi.t.i Qns characterised by liver
cel | deat e&Pth%“r}ﬂ, '}ﬁw‘hﬁ?&?ﬂ&?’ﬁ&%ﬁplﬁ‘%dtf?@ﬂ?t ed to chronic liver

i nsufficiency, g A ULes | T hm faOr t caused
by infection sud(): éétg{so | n?éc??gﬁﬂ%vi tvkr’\ﬂﬁepl)lgtl i sﬁaA g‘r Eﬁe&?rﬂ%%%ﬁe gﬁ;gghol I C
liver di seasplantitinr agxarghitofolivel fadlase sesuiting fictint ilepatidsiatqhikal fm
treatment with methods, conpositions, devices and aggregates of the present
i nvent i orfheideadiderived FNIL. duithese instaaeese sherndias been iascamplptecee ofdheh or
dysfupnctign ing#é'di ng but 20 not limted to endocrine di seases, Diabetes,
congemn t cIeP " hyperplasia and adrenal insufficiency, Hypothyroid

di seases, HypOrm(RAPIE Obfl dseARS o colMRRGRNSMAMD RirabRhifedt Wit dhe.

growt h hornone detici ency; disorders of 1mno acid netabolismincluding but
not |i m tmdthodsHymmppsitions zawd devicedy df they presenhasmntpndncladdaliseasés or

t rypt ophan t abol j sm i n¢l ydj ng . but t
yp‘ P con%?tions c acterfseﬁ i:yglivcr cell ‘death or dysfunction including but not

=y

limnited to chronic liver insufficiency, liver failure, or liver disease, for example,
15 that caused by infection such as infection with hepatitis A or B virus, and
alcoholic liver disease. ‘

Other examples of diseases or conditions suitable for treatment with
methods, compositions, devices and aggregates of the present invention include
the following: diseases characterised by cell death or dysfunction including but

20 not limited to endocrine diseases, Diabetes, congenital adrenal hyperplasia and
adrenal insufficiency, Hypothyroid diseases, Hypoparathyroid diseases,
Hypogonadism, Diabetes insipidus, growth hormone deficiency; disorders of
imino acid metabolism including but not limited to Hyperprolinaemia,
Hydroxyprolinacmia; disorders of tryptophan metabolism including but not

25 lmited to Xanthurenic aciduria, Hydroxykynureninuria, Carcinoid syndrome,
Kynureninuria, Dihydropleridine reductase deficiency; disorders of the gamma
glutamy! cycle including but not limited to Glutamic acid decarboxylase
deficiency, Glutamate dehydrogenase deficiency, S-oxoprolinuria (pyroglutamic
aciduria), Glutathionaemia, y-glutamyl-cysteine synthetase deficiency; Organic

30 Acidurias including but not limited to; Methylmalonic acidaemia, Propionic
acidaemia including but not limited to: Methylcrotonyl giycinuria, Methyl-
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25 limted to Xanthurenic aciduria, Hydroxykynureninuria, Carcinoid
syndrone, Kynureninuria, D hydropleridine reductase deficiency; disorders
of the gamma | ut anyl cycle including but not limted to Qutamc acid
decar boxy| 3¥@ 205804162 ency, G ut amate dehydrogenase defi ci @QENB2005/001324
5-oxoprolinuria (pyroglutanlic aciduria), dutathionaem a,

y-gl ut anyl - cyst ei ne synt hetase deficiency; O ganic 30 Acidurias including
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but not limted to: Methylcarotonyl glycinuria, Methyl- 15 WO 2005/ 094162
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15 including acquired, Adenosine deaminase deficiency, Purine nucleotide
phosphorylase deficiency; disorders of amino acids includingt  Hyper-
alanipaemia; Inborn Errors of Protein Metabolism including but not limited to:
Analbuminaemia, Idipathic hypoproteinaemia, Asymptomatic protein
deficiencies; disorders of red cells including but not limited to: Pyruvate kinase
20  deficiency, Hexokinase (HK) deficiency, Phosphohexose (PHI) isomerase
deficiency, Triose phosphate isomerase (TPI)  deficiency, 2,3
Diphossphoglycerafe mutase deficiency, Phosphoglycerate kinase (PGK)
deficiency, Adencsine triphosphatase (ATP-ase) deficiency, Glucose-6-phosphate
dehydrogenase (G-6-PD) deficiency, Reduced glutathione deficiency, Glutathione
25 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)
30 porphyria, Hereditary coproporphyria, Mixed or variegate oporphyria, Cutaneous
‘ hepatic porpyria (tarda), Hyperbilirubinaemia, Unconjugated hyperbilirubinaemia
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disease, Glycogen synthetase deficiency (Aglycogenosis), Muscle
phosphohexosisomermase  deficiency; Disorders of mucopolysaccharide
metabolism including but not limited to: Type I ~ Huler syndrome, Scheie
syndrome, Hurler syndrome, Type I — Hunter syndrome, Type III - Sanfilippo
Syndrome (A, B and C), Type IV —~ Morquio-Brailsford syndrome (A and B),
Type VI — Maroteaux- Lamy syndrome, Type VII — Glucuronidase deficiency;
Glycorprotein storage diseases including but not limited to Mannosidosis,
Fucidosis, Aspartylgucoaminuria; disorders of amino acid metabolism including:
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 sulpbur containing amino acids (cystine; cystathione; homocystine;
wethionine) including Homocystinuria, Homocystinuria with methylmalonic
aciduria, N*!®Methyleneterahydrofolate reductase deficiency, Cystathioninuria,
Sulphite oxidase deficiency including B-mercaptolactase-cysteine disulphiduria,
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15  metabolism including but not limited to: Carnosinaemia, Urocanic aciduria,

disorders of folic acid metabolism (cyclohydrolase and formiminotransferase
deficiency), Glutamate formiminotransferase deficiency; Disorders of Glycine
Metabolism including but not limited to: Hyperglycinaemia, D-Glyceric
acidaemia, Oxalosis, Sarcosinaemia, Trimethylaminuria; disorders of Hpid

| 20 metabolism including but not limited to: Hyperlipoproteinaemias including
Familial hyperchylomicronaemia (Type 1), Familial hyper-lipoproteinaemia
(familial hypercholesterolaemia) (Type IIA), Combined hyperlipidaemia Type

IIB, Broad - disease (Type II) Pre-lipoproteinaemia (Type IV),
Hyperchylomicronaemia with pre-lipoproteinuria (Type v

25 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

30 cell disease), Mucolipidosis Type Il (pseudo Huwrler polydystrophy), GMI1
: generalised gangliosidosis, GM1 juvenile gangliosidosis, GM2 gangliosidosis
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therapies, llver transplantation is I|imted by the scarcity of suitable
donor orgféﬁélkﬁl'he transpl ant ation of hepatocytes has been proposed as an

alternative to ,whol ntr fo | numa,
at, J. Ped. Sur“a w1t’§dﬁé&§ 8%%%‘%) ?ng f‘%%ﬂ ﬁ'glgqulilﬁﬁp? 1% Ai[%nsflngl e
et abol | Cordfdréd Mérap§ fﬁa)dlﬁses associated with errors of liver metabolism. For

15  example, liver transplantation is the established therapy for end-stage liver

disease. However, as with most other transplant therapies, liver transplantation is
limited by the scarcity of suitable donor organs.
The transplantation of hepatocytes has been proposed as an alternative to
whole organ transplantation for liver disease (Asonuma, et al., J. Ped. Surg.,
20  27:298-301 (1992)). The authors report that single metabolic deficiencies may be
cured with replacement of 12% of liver mass, suggesting 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
25 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
30 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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The improvement is in the use of a cold ischemia step during hepatocyte

15 and non-hepatocyte cell isolation and results in a more robust and viable cell
wherein, when culfured in media comprising allogeneic serum, is capable of
secreting Factor VIII and other liver secretory factors in long term culture. Such
cells are then suitable for implantation into a recipient patient for the treatment of
liver diseases and disorders.

€20 The invention thus contemplates the use of hepatocytes 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 disordess.

23 The invention disclosed herein in respect of non-hepatocyte cells, for
example, gall bladder epithelial 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

»

30 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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NON- 15  andfor are aggregated with hepatocyte cells.

In some embodiments, the at least one non-hepatocyte cell type and,
when present, the hepatocyte cells, are preferably derived from the same species
as the recipient. In other embodiments, either or both of the at least one non-
hepatocyte cell type and, when present, the hepatocyte cells, are from species

20  other than that of the recipient.
‘ We have also found that for the preparation of an aggregate comprising at
least one non-hepatocyte cell type, for example, neonatal gall bladder cells,
colturing 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 ’
25 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.

30  An aggregate may also comprise at least one non-hepatocyte cell type together
| with hepatocyte cells.
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non- hepat ocyte ce type is a neonat al cell type.
15 coenzyme A the deficiency of which causes type 1 glutanc acidutia).

In preferred embodiments, said at least one non-hepatocyte cell type is a
neonatal cell type.
By “neonatal” is meant of, or derived from, new-born and/or recently
born mammals and/or designating or relating to the period just after birth,
20  wherein said period varies from species to species. For instance, in humans the
neonatal period is considered to be the first four weeks following birth, and for
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
25  the present invention where secretory cells and companion cells from different
species are co-cultured, an aflogeneic 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 a week, typically
30 extended to 2 -6 weeks or more.
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By "neonatal" is meant of, or derived from new born and/or recently born
manmmal s and/ or designating or relating to the period just after birth, 20
wherein said period varies from species to species. For instance, in humans
t he neonat af OpR¥YB#%2s considered to be the first four weekIIBmosomsng
birth, and for exanple, in pigs is considered to be the first seven to ten
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has been h#y/es ?mﬁsgﬁsmm@.s The 368th6de, "&b tiofts apandeEbeY eifadee of
liver cell phenotype and/or function, such 'as the capability to produce
and/ or sepresent anecntiomoenabilac neogatahddar-hepawoeyte colis oto naureiveet glow,i ¢
and/ or physiologic functions. The nethods, conpositions and devices, of the
present i pradiferase and sbeustmBverasesretonhiastays wdepttvansplanted inte atocipintgr ow,
proliferate and secrg@g ;iven S gég}or factors_ when transpl ant ed inio a
reci pt@nt. 10 iR stydies deged i, sheytheh ah 1448k ongnonshepategige cell
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cells, bi | d I i S ' ' el

hepat i c Vg@%@f?ﬁgﬂ%&?ﬁeﬂébﬁﬁg &%citnéﬁgl? b%gﬁi% gﬂ%%%ﬁ%%%gg@ee}%ﬁfhgf‘ liver
cells, a”ﬁﬁgﬁﬁdoaéésbl? ebFhe Rl els2hefitld védsaldgidotkelidl oell§ 28inudSidvéeen dngo! at ed
usi ng the nethods heréin descri bed, secrete one or nore |iver factors

and/ or manofpareidihwanalnivebotlls; awdimpanivykirohegiatalf gait thiladdeir reelist can, Such
cells survive, and indeed proliferate when cultured according to the nethods
15  when isolated using the methods herein described, secrete one or more liver

factors and/or maintain liver metabolic and/or physiologic function in vitro. Such
cells survive, and indeed proliferate when cultured according to the methods
herein disclosed. Furthermore, it is expected that such cells, when isolated and
cultured using the methods described herein will be able to maintain cell

20 phenotype in vivo and secretion of liver secretory factors in the long-term
transplantation into a recipient.

We believe, without wishing to be bound by theory, 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

25 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
'30 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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herein disclosed. Furthernore, it is expected that such cells, when isol ated
and cultured using the nethods described herein will be able to maintain
cell 20 phenotype in vivo and secretion of |iver secretory factors in the
| ong-t erm WO 2008pbaat ati on into a recipient. W believe, %{‘W{E’Wl?ﬂi ng to
be bound by theory, that the isolation and/or culturing of at [east one

non- hepat ocyte cel |l _type and/or hepatocyte cells tilis) .all ogenei ¢ serum
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one or re liver sec ory factors, and/or maintain the 23 WO 2005/094162
PCT/ | B20GepRfdtyied cellopiabat léast tin paeviedpomsibleoformtiie mainadieince 6 donr
physi ol ogi ¢ functions, survive |longer, and/or proliferate when transpl anted
into a rédepploeyte ctld phebbgpe, growthnuurvivalisegrationbef tiven detretingefaciors t hat

t he provision of rowm h and/or trophic and/or differentiation factors

and/ or fmd(orcpww@%oaimn immuretejestion ofransplanted npazwpatoeypaeells: esponsi bl e
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endot hel ighdotiriliab cells] dildudiictegpittivdial dlelisebils. diit! ehdbikéligingelishdldpaticcel | s,
hepatic vessel epithelial cells, hepatic vessel endothelial cells, sinusoid
cel | s andvessel- epithetiat lelts) hepatioc vessel ndothieliahaklly, sintsoidepalisoayd aiomel | s,
either singly, interacting together, in aggregates or conpositions in: 15
Al gi nat e-Reweaghymalilser cells, optianallyovita bepaiaryesiells. eitharrsinglyoinderarting of t he

transplaq;ed cel.ls. The feasibility of, mcroencapsul ati ng neonatal non-
ogether, in aggregates or compositions i .

15 w Alginate-encapsulated form ~ to provide additional immune protection of the

' transplanted cells, The feasibility of microencapsulating neonatal non-

hepatocyte cells and transplanting same is demonstrated in Examples 5 and 6

herein. The transplantation of hepatocyte cells is demonstrated in Example 6.

a  Subcutaneous implant devices that allow the "development of a

20 prevascularised allogeneic collagen reservoir for the placement of the

transplanted cells. Preferably, the implant device 1s cell impermeable but

protein or secreted factor permeable, such as the “TheraCyte” device
available from TheraCyte, Inc., Irvine, Calfornia.

® Matrix preparations — in which cells to be transplanted are cultured on

25 gelatin, collagen and/or other matrices supplemented with natoral

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

transplanted.

24



hepat ocyte cells and transplanting sanme is denonstrated in Exanples 5 and 6

here| n. The transplantation of hepatocyte cells is denpbnstrated in Exanple
A Subcutﬁg)e%&z | ant devices that allow the 'devel opnment of a 20

pr evascul ar ?%g%enei c collagen reservoir for the pla®EmdBroosiootbe

transplanted cells. Preferably, the inplant device is cell i rrperrreabl e but

protein or secr tndigehancdsf fRak-fe Oﬂmf RRatc ﬂﬂmb
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in which ged by dtdedst ohemphqm@@rtateuctyibé i deghenstraed Beded.i For ﬁx@tahesen
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t r anspl anpagnchymabceele sndoepithelinbang englothediol sells ﬂfeg%bmmm bver he

secretlon of lever secretory factors by hepatocytes and by at |east one
non- h at ¥83%€S-cel | type is denonstrated herein. For instance, Exanple 2
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feeder cells) which contain el |l -derived factors is also disclosed. The

Appl i cant sebalerived fammmalswdsmlv@dt The QA ppelidantmbeligve; watiout Wishing for ough
t he provision of growt h and/or trophic and/or mtogenic factors, allogeneic
ser unipr obedwaindnby theorye taitthegugh ﬂ@rpﬂ%ﬂﬂl@m of swewsh ang/druephisrandior or a
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hepat ocyte cells in rredl a suppl enente
: wmhmg to be bound by theory, that conditioned media is able to provide an

15 enhancement of liver factor secretory function and/or a maintenance of cell
phenotype and/or longevity in vitro, which may persist in vivo.

The effects of culturing hepatocyte cells in media supplemented with
allogeneic serum on the maintenance of liver cell function and enhancement of
liver cell survival is demonstrated herein. For instance, Example 2 herein

20 discloses the effect of culturing pig hepatocytes in media supplemented with
porcine serum on the maintenance of a Factor VIII secretory cell phenotype.
| Algo 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
25 invention 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.
30 Following surgical removal, the donor livers were transferred 0 a ¢lean room
| facility for further processing in a cold plastic container in 50ml tubes containing
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al | ogenei ¢ serum on the mai ntenance of liver cell function and enhancenent
of liver cell survival is denonstrated herein. For instance, Exanple 2
herein 20 discloses the effect of culturing pig hepatocytes in nedia

suppl enent we ams4p4120r ci ne serum on the mai ntenance of a f ﬁ% 5?6#
secretory cell phenotype. Al so described is the effect of ORaI 848 medi a
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bl adder and optim sation rons 1.1 Iso n of

hepat ocyma?o:kmmﬁﬁcaﬁ@s ofehie sisdhed dedrmy@@mge@hs@ digdstion| proeédiae.

foll ows 30 Foll owi ng surgical renoval, the donor livers were transferred
to a cl eblsinpasepticateichniquef ¢the livez was mnmned sifrexcess fatc blabdovesselscambnt ai ner
in 50nl tubes containing 25 WO 2005/094162 PCT/|1B2005/001324 col d Hank's
Bal anftedcoanactivel tmsuennnmmh snd igested with hlhmse&( gninglenhrin a ghaing added.
The liver ceIIs Iatgg hy di gestl n of the m nced I|ver via_a major

nmodi fi calMasF Wh (’RPBFS’ISdl gﬁﬁ%ﬁﬁﬁé"@sm &Wigsy obiur e.
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the digestion process, the cells were passed through a sterile 400mm nesh

intol@ stiglatien, dpaaells éreplacd inke tisdi ttﬂﬁlr@tm%ndus\médlﬁ%'c&swﬁbﬁi pl aced
into tissue culture in various nmedia as described herein. 1.2 Optimzation
of cul t uherginndi ti ons To optim se the culture conditions for survival of
liver cells and the 15 nmintenance of a liver cell phenotype, different
medi a suppl enmented with various additives were assessed. Culture Medi a:

Pt OOV D st ioN by it b5hAonl' OV 012 o @

To optimise the culture conditions for survival of liver cells and the

’1

15 maintenance of a liver cell phenotype, different media supplemented with various
additives were assessed.

Culture Media: Hepatocytes were grown. in different liquid media on a
number of different swfaces and on surfaces coated with different matrices.
Optilﬁum growth was found with the medium DMEM/E 12 (1:1 by volurae;

20 Invitrogen Corporation, USA) supplemented with 0.5 U/ml insulin (Novo
Nordisk, Denmark), 7 ng/ml glucagon (Novo Nordisk, Denmark), 7.5 pg/ml
hydrocortisone (Pharmacia, USA), 1 ml/0.5L Cyproxin 200 (Bayer, Germany))
plus, for example, the additives cyproxin, nicotinamide (10mmol/L.), and
allogeneic serumn (10% by volume). The best surface matrix for hepatocyte

25  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.
30 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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nunber of different surfaces and on surfaces coated with different matrices.
Opti mum grow h was found with the nedium DVMBM F 12 (1:1 by vol une; 20

I nvi trogen rporation, USA) supplenented with 0.5 Um insulin (Novo

Nor di sk, DEhHPRI94192 g/ M gl ucagon (Novo Nordi sk, Denmari)T/IBzoG gy ai
hydrocorti sone (Pharmacia, USA), 1 m/0.5L Cyproxin 200 (Bayer, Gernmany))

plus, for, .g> addit i 0xl i I,nam 1 nd
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growt h wWaguhOifflat fadegxcol  agen. . 1.3 Liver cell environment The effect of
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i nteraction: The effect of interactions between the liver cells and an

ext r acel Ihepatocytesrwereqputdrtal a volldgen-coatadflaskaamd e menezvatéd flask, VIDMEBNb/ 094162
.PCT/ 1 B2005/ 001324 cel | -specific function in vitro was assessed usin

col | a§en grewexamslia (GMpgepplenientadawitheinsulin O:p dwde\glucagossd Tngomdi)ed
follow n ur standard_pr dure. Aliguots of hepatocyte e.put into a
col I agen dERccatisons k’ﬂéﬁaprﬁf}aa@ddﬁbe@m giae) pREdine §e@%i¥§?§%&ag%m
suppl emented wi.fh i in 0. .l uc ns_ (Zng/_ni) drocorti sone
(7.5ug/ nc prglf?él%gﬁ%;%ﬂ{?%g) ng%reﬁeﬁg Ogg'ﬂﬂﬁ’? %,geﬁumrs??@égﬁn% &t at | on,
USA) was eg. | ggenei e | ke ' I
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coll egan- .10 coated flask in growh nedi a ki mg procine serum

Phot qoi crepgtedpfiaskoiin gﬁwthehédiadddlqimggromésarahﬁn after 15 days and 18 days
iniculture. At both 15 and 18 days of culturing, hepatocytes grown in the

presence of @hatbiacrographsrofdhe cell snltieesrvereftekercetter thdayuand 18d¢aps ayer
irrespective of the 15 presence or absence ailogenei.c serumin the growh
medi um Ilﬂc@BHF‘-?-ast, hepat ocytes grown in the absence of a collagen

extracel | ul ar IPhokr15 GhTA% af 4 Bl 3 hepdBy et WbbA R 8 pihbe apce ©f
a collagen extracellular matrix formed a confluent monolayer irrespective of the

:15 presence or absence allogeneic serum in the growth medium. In contrast,
hepatocytes grown in the absence of a collagen extracellular matrix formed
multiple foci. The functional significance of the different in vitro morphologies
oObserved was evaluated with a test on hepatocyte function. Growth media was
collected from each flask every fousth day for analysis of albumin production to

20  check the function of hepatocjtes during culture. Results for albumin production
are presented in Examople 2 herein. f

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

25 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
mitomyein C ; 250 000 hepatocytes in GM supplemented with 10% FBS or 10%
PS.

30 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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observed was evaluated with a test on hepatocyte function. G owh nedia was
collected fromeach flask every fourth day for analysis of albumn
production to 20 check the function of hepatocytes during culture. Results

for al bum womoosiepatézon are presented in Exanple 2 herei %CTQ@ZBGSZ@H 4
I nteraction: Human fibroblasts were used as conpanion cell$ TO0 &y t he
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griown in wi'tholut sera was enpty after 7-days in culture (data not

shown) , shoivehindigating teese aonditiomssoublhot suppositEpatdcyhe patvomlt e survi val .
Hepat ocytes grown with arrested fibroblasts in GV supplenmented with 10% PS
present ed bet BépaiasyfisoLxyyn cyith Aamested ftwoblasts nmcaMyupipniemented Wik h 10%

o o 0H, P bt B3RS Ao o SHRHRR R Bl bbbl
suppl emeghial hah, HBE' OMENl viability as assessed by morphology was optimal after
15 culturing for 2-3 weeks.

Optimisation of growth media; The effect of supplementation of growth
media with various sera on hepatocyte growth and fuction was assessed.
Hepatocytes (250 000 cells per flask) were grown in collagen coated flasks under
the following experimental conditions: GM supplemented with 5% porcine

20 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

25  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

30 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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media with various sera on hepatocyte growh and facti on was assessed.

Hepat ocytes (250 000 cells per flask) were grown in collagen coated fl asks
under the follow ng experinental conditions: GM supplenmented with 5%

por ci ne 20 ¥W@2MHOHS? and 5% Sertol i -conditioned growt h medirapmoepanssd as
described below, GMwith 5% PS and 5% pig skin fibroblast-conditioned
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8 mcronfilter to renove cells. The filtered nedia waS then diluted in a
1:1 rati owashed, M Skl gfowth mediunPwasaddeds | br obl ast - condi ti oned growt h

medi a was prepared as described for Sertoli-conditioned growth nedia above,
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Suppl enrendas & weglest h nedia with 10% PS, or 5% PS and 5% pig skin 5
fibroblast-conditioned growth nedia, yielded better hepatocyte viability
than suppl eneAhalysiznobf thgr ewsrphologiyaofi the oéids Rt ewldueshewed! fhat diodi ti oned
gromh nedia.. Cell viability as assessed by norphol ogy was optinal after
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5% por ci ne 'secrum an erto ondi t1 on®d medi a.
supplementation with 5% porcine secrum and 5% Sertoli-conditioned media,

‘15
1.4 Isolation of non parenchymal liver cells and gall bludder cells
| Non-parenchymal liver cells (NPC) were isolated following the
pracedure by Gerlach et al. (2001), with the following modifications. Briefly, the
~ liver was cut into small pieces, and washed three times to remove erythrocytes.
20 Tissue was then digested with Liberase® (O.ng]ml) 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 wete counted, and their viability was checked
by trypan blue exclusion as described above. Cells were plated at 10,000
25  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 3 in culfure.
30 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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1.4 Isolation of non parenchymal |iver cells and gall bladder cells

Non- parenchymal liver cells (NPC) were isolated follow ng the procedure by

Gerl ach et a&. 2001%, with the follow ng nodifications. Briefly, the |Iiver

was cut i ntOOE4eces, and washed three tines to remoweTasyikoonyi es. 20

Ti ssue was then digested with Liberase(r) (0.2mgfm) for 30 mn. D gestion

was st opgmdvedbile, é@%nmpjaca@, AR digested PALP LiHrasew (@.zsmg;gﬁg&beguahuﬁo g for
i v g

5 min. Non-parenchynal er cells were sedinented at 6 for 10 mn, and
then waglelld wareetheni washddhwithSDMEM ¢hree rtanes u Qebldcoran diridheiabilitiyatbétsi ty was
checked by trypan bl ue exclusion as described above. Cells werMI ated at

gﬁéggoméw?gge t ed. irﬁ?)len;at lztafvtfgg&?:lg}jf&cmegﬁm atlfgtguﬁ;daanlh_dlgx nga?%ztor
IV|I uarf u{]ﬁ a. 'i ' M%?Cgl.es IW-s]j_E'a;le @&ZT{IZF ely af ﬁggﬁfejﬁé f?&;}%ﬂ%ﬁ&ﬂ%ﬁ?ﬁg: P:';ttg e
of dFa‘Et F@?IWE@Q@S’I WHHH%E@S@“?%W‘? qqﬁﬁ&'ljﬁlnd:\r,ﬁa“@o Epi t hel i a: and
Bri o'y, gal | B SadSy S s Sclied foth 3k, el WeEfer BHle, Bitr yet8i N

2005/ 094%@&}&9&9@&%&&%{ RoRtRIP WaR, 100%, At gﬁ%%ziﬁaemuﬁbg%ﬂed with
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i solation, and again at day 7, day 16, and da 28 in culture, Cells were
pl at ed i muakiom! 2atel fdRactett VIB coagilationlway3.78sk. Albunmin 5 and FVI I |

rel ease functional tests were perforned at day 7 in culture. 31 x 106 cells
wer e I0sol ated frompig gall bladder -and |iver vessels. Viability
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factor secretory function, e ng experiments conduct ed.
conducted,

15 Albumin secretion |
Albumin is the major plasma protein secreted by hepatocytes. In
conventional culture methods, the rate of sccretion of albumin drops rapidly
during culture. Hepatocyte albumin secretion was used herein as a test for the
maintenance of normal hepatocyte function, and thus the maintenance of a liver
20  cell phenotype, for example, in culture.
Factor VIII .

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

25  circulation 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
30 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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15 Al bum n secretlon Albumn is the major plasma protein secreted by

hepat ocyt es. conventional culture nethods, the rate of secretion of

al bum n dr | dI during culture. Hepatocyte al bum n secretion was used
herein as f’@g? /‘196} the nmaintenance of nornal hepat ocyt eciraBaissomszand

t hus the nalntenance of aliver 20 cell phenotype, for exanple, in culture.

Factor VI4 kyekk8 dri emafti otf'lﬁ:lfagé%%'cﬁ’s@ﬂﬁén hBblé! ThY Yredudich bh ¢agtr to be

primary sites of Factor VIII uction. Liver transplant corrects Factor

VI dEfIWEmﬂwwmﬂ\ﬂé@mmlmﬂ@wsFact or VIII is secreted as a
glycoprotein into the 25 circulation as a heterodimer. Factor VIII|

producti on nmay 2{#),08@ hepatarysssaper fiask wd:nevanltmeﬂlm miedennr sufiplémpntedent i n
theflltered su ernatant was neasured usin rhp Dade- Behring clotting
syst em ( Cy#heaiditives. ; Sppematant droma fhe sultwged cells wap geineves ang isear w |
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twice with PBS. 5 mM serumfree nedia was then added to the culture fl asks.

A1l m altamove célluterdebnis sAlomni presént in¢he Fidwred superhitent was ineasdredsed f or
a basel i ne neasurement. Cells where then i ncubated at 37C for 4 hours.
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was observed. IR ¢ ORKELFOVIRO Wl ebBRlSell ARt | Glsa frdkugingecks i n

culture and mai ntal ning the output
considerable quantities after 2 weeks in culture and maintaining the output of

15 Factor VIII for 5 weeks (see Figure 1) at which time the experiment was

terminated. |
The output of 250,000 hepatocytes over a 4-hour period gave a Factor

VI value approximately 8% of normal blood levels. Since the half life of Factor

VIH in human blood is 36 hours, this rate of production is very substantial, It

20 should also be noted that the production of albumin by these hepatocyte
preparations correlates 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 maintait a
secretory liver cell phetiotype during prolonged cell culturing.

25 In anothef 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 afrested fibroblasts in growth media supplemented

with 10% FBS;

30 2- Hepatocytes on mitomycin arested fibroblasts in growth media suppiemented

| with 109PS;
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15 Factor VIII for 5 weeks (see Figure 1) at which tine the experinent was
term nated. The output of 250,000 hepatocytes over a 4-hour period gave a

Factor WVIII value approxinmately 8% of normal blood | evels. Since the half
life of FaowOrooswoilezi n human bl ood is 36 hours, this rat PBPJ?H#&SE on is
very substantial. It 20 should also be noted that the pro 1on o bum' n

l
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i ndi cates t hgypgragocytes were heal thy. These results indicate that neonatal
hepatocytes are able to maintain a secretory liver cell phenotype during

pr ol onged4.c #ldpatodytes omoolldfen coanie ghewthempdial supplemented avitia ] 0%sP8d from
hepat ocyt es grown under the various conditions described in Exanple 1

above, ( aﬁdH@ptmytmm oellagen caat én geowithymediaisuppiamented veithh 8nPSamda
det er mi nant hepat ocyte function. |- Hepatocytes on mitomycin arrested
fibroldl ast 55 i F@aﬁ @D@Sbﬁloé’ﬁb ABedia; wi th 10% FBS; 30 2- Hepatocytes on

m'torrycm ar ested fibroblasts |n rovvt ja su enent e, 109%°S; 31
WO 2005/ 0% E‘W é@ﬁ '21'6'83 Efgﬁ?msa;}‘@%ﬁ% i’g

fibrobl asts fli see; 4- Hepatocytes on col |l agen
coat -in groﬁws%ﬁﬂoﬁﬁ?@mgﬁWﬁﬁ%} 'PS; 5- Hepatocytes on col |l agen
coat in growh nmedia supplenmented with 5% PS and 5 5%fibrobl ast
conditioned growm h nedia; 6- Hepatocytes on collagen coat in growh nedia

suppl enent ed vAlburhth Csntetl wasanadydedl ds folleavd:| AlRhatelof SupeMittdht pekiea.

Al bum n content was anal ysed as follows: Aliquots of supernatant were 10

t akent(at thkgntat day 50,7,18), B2, 3Bdasid Sdf off clilturee. Hiistssupamptant fremt ther om t he
culitured cells was rem)ved and di scarded, and cultures were washed wi th PBS.
5 i of gelbwed callsmaswrmeyed a@drdmam@i,taﬁdm%mwem waphedwithBBSob t hi s
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media was immediately taken from the flask, and used for a baseline

measurement of albumin production. Cells were then incubated at 37°C for four

15  hours. After incubation, supernatant was collected and filtered to remove cellular
debris. Albumin present in the filtered supernatant was measured using pig
albumin ELISA Core Kit (Komabiotech) according to the manufacturer’s
protocol. Growth media prepared in accordance with the original culture
conditions was then added to the flasks for continued culturing,

20 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 a maximum albumin

25 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 culture, Maximum albumin production of hepatocytes grown in GM
supplemented with PS and Sertoli-conditioned growth media was 4.56 pg/ml at

30  day 13 in culture,
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15 hours. After incubation, supernatant was collected and filtered to renove
cellular debris. Albumn present in the filtered supernatant was neasured
using pig albumn ELISA Core Kit (Komabiotech) according to the

manuf act ur eV OLM¥P43col . Gowt h nedia prepared in accor dauuasmedshoishe
original culture conditions was then added to the flasks for continued
culturing. 20 AphésBoyesults Fdemoas@atet ieathhepaptyte! mmnnmr@silmemum?
observed in cultures supplenented with porcine serum (PS). Hepatocytes
grown i n atbdindn progipdteme masdbesit tinaRfained avhers thexl hepatooptes swerey geowirdna

maxi mum al bum n rel ease f 19.5 g/, for 4 hours ﬁld(ba}?/ 10 i.n culture (see
Fi gure 2)collagearcostedddasks wih ;madia gepplemented W & dpp! Anbiveteeellni th PS
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& ours SHacIRI i RS EoRoRaHo i, QF?W&E BT, BB AP eren eq
: P : : ast.-condi ti ' . 32
o ' cui ur Bidiednt do RO HRRICRRRH of POt S aeBRoBe B ok tpftafisdle °¥

30 day. Tanruer 15 Ao bl SN, ERAChTIOR SriRY it v T
deronst r aéd%réth? fRERB A MohhpdRsitd celd Bulae8 2866rding tordhRUfiventispduct i on was

best mai ntai ned when the hepatocytes were grown in ~ collagen coated fl asks
in growth nedi alseappthermerperdment,hlité0céls ware iisalatedeftom exdle anwl Ferhale matri x
interaction and the presence of allogeneic serumare 5 inportant for the

mai nt enankégd Whitp{lvsdracs crossenen pigs| aeagrdiagniq ithe ysethed) desasibedt i s
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cultured in DVEM F12 nedia, and 10% porci ne serum After 48 hours the cells

wer e ri nswdth RBShamB$reshdoulture hmediat wiae addeda Reeshaniddia. wis esibsequindywas

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

Functional tests to measure albumin release and Factor VIII release were
performed at 1, 2, and 3 weeks as described above. Cell numbers and viability
was also determined. The viability of the porcine cells was excellent (>90%) at
all time points tested using the current methods (see Table 2.1). During the initial

20  24-48 hours post isolation the numbers of viable cells did decline (data not
shown). However, the numbers of viable liver cells incfeased almost linearly from
that point on unil 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 VII

25 were detectable 1 week post isolation. Quantitative determinations demonstrated
that, on a per cell basis, the release of both albumin and Factor VHI 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° | Albumin Release Factor VIO
Release
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15 added every 2-3 days as needed. Functional tests to neasure al bumn
rel ease and Factor VIII release were perfornmed at 1, 2, and 3 weeks as
descri bed above. Cell nunbers and viability was also determ ned. The
viability oVOMEEI2i ne cells was excel lent (>90% at alBCTViRI®SPOi38; S
tested using the current methods (see Table 2.1). During the initial 20
24- 48 hpurs EBBST' I'sdlatron the nynbers of "viaple cells diqd decline {dafa not
shown) .| HBoRs{selation hg nunbePs of ia@F‘@fW’(Pé}jcel | @8ttt r eaded EPHEH | fearly
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o

VI 2B werlevidet ectlalBPé (86.54824#) postl.li@8Had)i on. L1@AAtI4tRL i{ve3.d&.¢Br) natii ons

denonst Fet-ee—tfrat—gn—a—per—cel-thasts—t+he—retease—of——botih—at-bumn—ant
Fact or Prl | 3wier easqd 89248&ke83.9) 1 r oA (2325 weeld (268-318) Urg.{(Tabls.4. 1).
Tabl e 231 |1 p Mitro.lChaokaect ol ctiocc nf | cnl ot Naonatal nat.ac\vit ac :!'i
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Cel | Vi adPptpigr abymingnadiactor yaTlaeksass are rressed arper omillion cellize | ease 33 WO
2005/ 094162 PCT/ 1 B2005/ 001324 Post Isolation % (proliferation) (pg/m)
(MJm) 1 wk 91.3 (90.0-93.0) 0.25 (0.2-0.3) 1,7 (0-2.8) 1.1 (.03-1.9) 2

wks 89.8 4 ; 4) 11.6 (8.3-14.8) 3.3 (2.4-3.1) 3 wks 89.2
(84.9- 93%?@:21389%?&%8%1;88%?@{%56 3-32.5) 11.9 (11.3-13.4) Data for albunmin
and Factor VI Ilndbezm'ae greenefi@sted aonpexiclorganid enimelthat i2 uged in

I ndocyani ne Green Uptake I ndocyanine green (I CQ is a non-toxic organic

ani on 5t hatlinisaludests o eSaltlateniliver function: mseitalibatliminated ¢xohasively, bys it is
el imnated exclusively, by hepatocytes in vivo. |CG yptake has been used to
i dent i fy MERaQGYEeR Bt ¥o. h o@?f”i@ ﬁas)ﬂa%uw%mos l&fxtﬁm differentiatedda et

e £y Wbt e oA ol B 2B AR YRS R ey
culture CBIfL! LAy Spudleof 108 W%l IRISTOARR o BPEAEN By 1
sterile wWairgdning method to identify the best culture conditions for the long term

0 maintenance of hepatocyte function.

ICG was used at a concentration of 1 mg/ml dissolved in 5 ml sterile water
and 20 ml DMEM with 10% PS. The ICG solution was added to the cell culture
flask and incubated at 37°C for 15 min. After the flask was rinsed three times with
PBS, the cellular uptake of ICG was ¢xamined by microscopy. After the

15  examination, the flask was refilled with fresh growth media. |
( Microscopic examination of isolated neonatal hepatocyies showed 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 determained.

20  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 fanction in long term tissue culture can be

25  readily assessed by ICG uptai(e. Furthermore, administration of ICG to liver cells
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and 20 M DMBM with 10% PS, The I CG solution was added to the cell cul ture
flask and i ncubated at 37C for 15 mn. After the flask was rinsed three
times with PBS, the cellular uptake of |1 CG was exam ned by m croscopy
After the WB2essvrsation, the flask was refilled with fregh 3Eqadla
M croscopi c exami nation of isolated neonatal hepatocytes shovved th
appr oxi matel p t
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production as rkers”tor secretory liver cell function. The ability of

non- par enchilsdtont WA bladddrsarid tivert vesséls vmrex}ﬂhnl agdimhiitaial a seutetonyldivee! i al

cells fromgall bladder and |iver vessels, to exhibit and maintain a
secretlfry de \wcnou;@eaaldultpr@wyzb@asaeasgdture was al so assessed. One
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per f or med pardRtdd s P‘g‘?‘ﬁ“@ #eﬁﬁé M‘Bﬁﬁi@'r@&aﬁ@%ﬁr Fﬁver mdfﬁﬁ&rﬁoﬂal tests

Hepat ocytes were i so rom one neonatal pig | owm ng our

standard gEMISAURAAddRHGUldNRE Rer & descritell Hetdin! %Hyé&uvély@lm@tp@fbmﬁh
.15 ICG uptake tests were also performed as indicated.

Hepatocytes were isolated from one neonaial pig liver following our
standaxd procedure described herein, with two rounds of digestion with
Liberase® (0.2mg/ml) for 10 min. After isolation, cells were counted and plated
in 25 cm? flasks, with 4.5 x 10° cells/flask. Cells were counted after 5 days in

20 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 production of Factor VIII was measured using & Factor VIII
coagulation assay (Coatest VIII:C/4 from Chromogenix) according to the
manufacturer’s protocol. Percent values for the rate of Factor VI coagulation are

25 relative to the rate of Factor VII coaglﬂaﬁon at normal blood levels of Factor
VIIL

37 x 10%hepatocytes were isolated from one neonatal pig liver as described
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

30 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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Li berase(r) (0.2mg/m) for 10 min. After isolation, cells were counted and

plated in 25 cn2 flasks, with 4.5 x 106 cells/flask. Cells were counted
after 5 days in 20 culture, and viability was checked by trypan bl ue

excl usi on we) Wesmuided above. Al bum n and Factor VII|I :Tél re _assessed
at day 5 in culture. The production of Factor VIII was acgﬁﬁgg&ﬁgmg a

o the  fhenfibior 437 8F calls Moro 162} BariiVe in pErimal NGR SLeaRaton AeCh: i ||

coagul ationglremégléjel ative to the rate of Factor VIII coagul ation at nor nal
bl ood | eV&rs® Bt Por Vill. 37 x 106 hepat ocytes were isolated from one

neonat al pi ' a&%&ﬁﬁﬁ ] a@r’ I3 F‘?ﬁn lsﬁﬂim L at el
after i soloa?i t(?r?\ﬂev\gs_ 98% ﬂieir%g% "3?5\5(3@96 cu %!}%%l,a@éie s(l}?d\a/i va ratgfe Y
aver agedygQpForheptosyte’ RelionoN CHIl fleld Wiy fow,as @xpetted' Srone prévides
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wi th 3 CGr uskedlach, 2001 i Dyspitecthiz NRO sadsolated vegretaptypetent to probudd
2005/ 094162 PCT/1B2005/001324 cell culture. 43%of cells were | CG positive
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cells (N were isolated fromthe s l'iver  used for, hepatocyte
isolatio %h(:é# hepater ppw%eﬁax@ggﬁ)emﬁw ahoir ene-deisd tger%ﬂ@‘#@ts‘)f
(CGerl ach, ﬁOOl). Despite this, NPC so isolated were conpetent to produce
Factor VFP¥S and indeed were produci ng approxi mately the sanme anount of
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cylture, proliferat under the 7 ed, and exhibited the
hi ghest rcaltarecdoridiidémy uséd, knd eabibisd the highést 3até%f PactoPValli doagalation, of

hepat ocyt es and mai ntenance of function in long term 15 cultures The
effects @t 388bl isol ation methodol'-ogy and culture conditions on cell
proliferation and secretory function were assessed,
2.4 Proliferation of hepatocytes and maintenance of function in long term
15 cultures
The effects of cell isolation methodology and culture conditions on cell
proliferation and secretory function were assessed, A
Cell proliferation: Neonatal hepatocytes were isolated according to our
standard method described herein. 250,000 cells were seeded in flasks, and
20  cultured in growth media supplemented with 10% FBS. Proliferation of 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, telative 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
25 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
30 Maximum albumin release for hepatocytes cultured in growth media

supplemented with 10% porcine serum was observed at week 9 (19.1 pg/ml for 4
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Cell proliferation: Neonatal hepatocytes were isolated according to our
standard net hod descri bed herein. 250,000 cells were seeded in flasks, and
20 cultured in growh nmedia supplenented with 10% FBS. Proliferation of
cells in cuwouwesemssadet ermined at | day in culture, 7 da re, 14
days in culture, and 21 days in culture. The nunber of vwﬁz&g f}ézf
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:)glrgﬁflg fserum was tsg@‘\llﬁe%lﬂw E ?-I %}& ?"ﬁ hﬁ%&%ﬁ%@gﬁf&

PCT/ 1B200hephibs sWéabletelﬁbgﬁeﬂ@daﬂ,ﬂ@,mr@moroduct i on was observed in the
negative contro a maxi mum al bum n rel ease of 0.67 Jlg/m at week 3

(see Figure 3) AHﬁtlmﬂmpmdabhom whi | iphybited doy séverfal cwbeks dni odlinaret exith hat
the hepatocytes were damaged during the isolation step, However, under

t hese conalbumissrel¢nse osnwpmtd}: Jower #atcthab desarihedegssmhergnergin| Afge:rat e.
Al bum n production i nhi bjted for, sev eks in culture bum n
rel ease ci?ﬁg‘ﬁeﬁfé’r"a‘lb‘ll I| @ﬁﬁﬁr c canditigns W%ﬁbﬁa@mgr @cﬁé‘@@ldnaftt%ﬁr

however , unqe%r .thege culture conditions liver cell function recovered after
8-9 week? fh‘? 10 Hepatocytes i sol at ed and cultured as described can

b full :
ot oyt e sec RIS RIAIR! B AAFEE. A YeBedbilF | AT bd etgtelshly | Ve
| munoper QYitHAKE 16 ShhinflA Rgatid i fuBbdE, ﬁi&mdiﬁvrlwr RpasHe Rickadry 0

di stinguish different |iver ceII populatlons inculture was devel oped.

Adul t pi g fanctimedopatleastiQwkekeesvivere stained with hepatocyte specific:
antigen and for von WIllebrand factor to

2.5 Immunaoperoxidase cell characterization
15 An immumoperoxidase method to distinguish different liver cell
| populations in culture was developed. Adult pig and neonatal pig livers were
sta.inéd with hepatocyte specific antigen and for von Willebrand factor to
distinguish, endothelial celis and hepatocytes. The following markers were used:
hepatocyte antigen and cytokeratin for mature hepatocytes; von Willebrand factor
20  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 tissmes were formalin fixed, paraffin
embedded, and sectioned at 2 (. Unstained slides were deparaffinized in xylene
and hydrated in graded alcohols. Slides were treated with 0.5% H,0, for 5 min to

:25  block endogenous peroxidase‘ activity. Sections were stained with primaty
antibody using the DAKO EnVision System according to the manufacturer’s
protocol. Sections were incubated for 30 min with primary antibody, followed by
30 min incubation with peroxidase-labelled polymer, and § min incubation with
substrate-chromo gen. Slides were counterstained with hematoxylin.

30 The following Table summarises the characteristics of the cell populations.
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NPC = Non parenchymal liver cells

2.6 Co-culture of secretory cell with companion cells

The applicant has co-cultured various combinations of non-hepatocyte
cells and hepatocyte cells and studied the effects on Factor VIII production. The
daté summarised in Table 2.3 shows that Factor VII secretion is generally
markedly increased in co-cultures of non-hepatocytes with hepatocyte cells,

Table 2.3: Effect of Co~culturing on Factor VIII secretion

Tissue or Cell Associations in Co-culture FVIII Released
pU/Mml

Experiment A

Lung Tissue <0.1
Lung Tissue + Hepatocytes (0.5x 10°ceils) 0.35
Gall Bladder Epithelial (10° cells) 1.02
Gall Bladder Epithelial(10° cells) + Hepatocytes (0.5x10° cells) 048
Endothelial (10 cells) <0.1
Endothelial (10° cells) + Hepatocytes (O.leo" cells) 0.97
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EXAMPLE 3: Cryopreservation of hepatocytes

Hepatocytes were isolated according to our standard procedure described
above, and additionally according to our modified procedure, in which digestion
with Liberase® during isolation is performed in media supplemented with PS.
The isolated hepatocytes were pooled, and then frozen following the standard
procedure described under the following three different conditions: in 10%DMSO
in FBS; 10% FBS and 10% DMSO in GM; and 10% DMSO in PS.
stored in liquid nitrogen. After onc week and three weeks storage, cells were

Cells were

defrosted and viability and recovery were determined. Results are sunmarised 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
hepatocyies 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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Table 3.1. Cells maintained good viability and recovery after 's'fmorage in
liquid nitrogen for one to two weeks. The best viability and recovery
cryopreserved hepatocytes was observed with hepatocytes isolated according

to our nodw0 HgsABier ocedure and frozen in 10% DMSO in PS,
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43% 76%-36%—FBSHDVBO-Mpatfret—95% 81566490 NB—NB sotatt+onrTRSHFOMsSe-5+06 61%

45% 0% Of

o Conventional | ¥idbility on V‘mhitj»i t yRem»vérhe p&'rabﬂwjt ageRedoverdyVi ng

cells. Re -eehtageto b rg—eetH-s—pi-ter—thay-rg—NB=Ne
Det er m ne@s/IMEXANRLASidd | bemhaem .thrl ng £gi% isol hedwn The e(b%ect of
di fferent jqppgies of ischea during cell isplation apd of thej isolation
met hodol yitself-on-liver cell vnction and- -t he-d ininnanr“%\ of liver Jcell
functi on|wagDasessed as| bgdl ows. | g6d. 1 Obhgiyoi schepgy, The elfggt of cold
i schem a iduri ng- cell _isolation ontliver ce functibn were L)%SPQSPd
fol | ows. |lppeainie@SMeiticd Nbegsmal | | gigces, Em{%put | hng | arge| g une of |cold
DVEM f or gyrs storage at 4C. Hepatocytes and NPC were then  isol atefl
foll owi ng_the standard piocedure described herej 15 251[(x 106
hepat ocyt g isolate Sf%om on pTg l'i vepsddsing (g cold (pgchem a npt hod
descri bed %ﬁﬁonavisﬂmi!)ﬂ y Imredi ately after 1solat}on was
{ Viability is the percentage of living cells. Recovery is the percentage of
living cells after thawing. ND=Not Determined.
"5 EXAMPLE 4: Ischaemia during cell isolation
The effect of different modes of ischemia during cell isolation and of the
isolation methodology itself on liver cell function and the maintenance of liver
cell function was assessed as follows.
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 Iarge 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 ceils (NPC) were isolated from the same liver,

Viability immediately 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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21% wth 52 x 106 cells surviving isolation. The nunber of viable cells

I sol ated wusing the standard procedure and using cold i schem a was not
significantly different (see figure 4). 20 444 x 106 non parenchymal cells
(NPC) were Wé&P?;ﬁ’%‘?alﬁPr omthe same liver. Viability inmedgiabYodbi@ss

i solation was 6.3% After isolation using the cold ischem a procedure, 95%
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secretory |iverhseApplidaned ivelicvs, wittiout akiththg Mo ! B9 LoweEimbyUtiedkp, tHA 4. 2

| sol ati on of Epithelial and endothelial cells Epithelial ahd endotheli al

cel | s werigchesmizterdng isotation ngay resultanide menedroblistvaard vaslsdhepadocyte landws.
Briefly, gall bladder was thoroughly washed with sterile DVEMto renove
bile, cuthosrhgpetosyte pppulatign dnewh %r hepatoeyte | Jeprstorse liver sellufunstionsis(wi t h
0.2 ng/nil), Cellsg were then washed with DMEMthree tines. Cell count and
vi abi |'i tyﬂza&[@’éle@éﬂ ORg:1915} A UEermedi atel y after isolation, and at day 7,
day 6, and day-28 in culture. Cells were plated at 15 x 106/ flask in 25cm
2 fl s. Considerable Factor VIII release by epithelial and endot heli al

celll s isolat ] served after 4 weeks in culture
(see Fi gquI'g %?m@fgpkghgﬁé%%?%% |(\:/egtrg vessel s al so showed
consi derabl e appihtlifll and-2pHothelhl tell®vade dsclhtedy fronV@RK Szl bliddet raad( not
shown). In sumary, the standard isolation technique using |ow Li berase(r)
concent r alivenvesselsi ascfollomsd Briefiiy, gallbladderwps thoroughkyl wasticel withraterile
iability, In thi i , the viabili f |lLs | ted usi th
Roari cant DMEM & Ferapunbaes cit in pleces: and digestzd for 30 min Liberase® solion
15 (with 0.2 mg/ml). Cells were then washed with DMEM three times. Cell count
and viability tests were performed immediately after isolation, and at day 7, day
16, and day 28 in culture. Cells were plated at 15 x 10%/flask in 25cm * flasks.
Considerable Factor VIII release by epithelial and endothelial cells isolated

from pig gall bladder was observed after 4 weeks in culture (see Figure 6).

20 Cells isolated from liver vessels also showed considerable amount of
Factor VIII release after 4 weeks in culture (not shown).

In summary, the standard isolation techmique using low Liberase®
concentration provides good results with resi:ect to cell yield and viability, In this
instance, the viability of cells isolated using the Applicant’s cold ischemia

25 protocol was comparable to that achieved 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 albummin release.

Irrespective of the isolation method used, the cultured cells maintained

30 liver factor secretory function in culture. The applicant’s data shows thét

I epithelial and endothelial cells isolated from pig gall bladder and liver vessels
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25 protocol was conparable to that achieved using the standard nethod.
However, these non-hepatocyte cells cultured follow ng cold ischem a

i solation showed better functional recovery conpared to those isol ated by
the standamt? pl30tbt e, as denonstrated by higher al bum PCT/RlRRSR1324
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vessel s with MpaB®Bié094162 PCT/ | B2005/ 001324 secrete Factor VIII in culture,
I n excess of that observed at the sanme tinmepoint wth hepatocytes. EXAMPLE
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cel | clusters(ellg i§sihied frém ggganq;lﬁdd&%ﬁmda vebeels ap welleag®dpato

capsul es of even shape and si approximately (200 min diameter) are

pr ef er r efas denceibed| sbove nedy e eneapsabredayingsl .5 alginatetfer (e $éfmateaul ted in
capsul es 15 of good shape and int e%Irlit ., Wth no cells enbedded in the
capsul e waficipsules bykoawnigetheds (WQ ﬁ%ﬂlé- from mammal s other than pigs are

L R A R e AW 5 X - WP
Ther acyt Sapipe ferifd AT BARAR oAt hR AR (G PRCER] PRB o bHE cei i
VI ot e e B e 2oyt e
can be eappmﬂmtﬁﬁ(ﬁ@ﬂﬁhgim@ihmwaﬁmﬂefém&nt al gi nat e
Encapsulation of mouse hepatocytes in alginate (1.5%) resulted in capsules
15 of good shape and integrity, with no cells embedded in the capsule walls,
indicating that liver cells from manunals other than pigs are amenable to

aggregate formation and/or encapsulation.

EXAMPLE 6: Transplantation

20 Two modes of non-hepatocyte cell transplaﬁt 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

25 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 polyomithine (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.

30 Capsules with single non-hepatocytes or cell clusters can be transplénted

into host animals, Capsules containing hepatocytes remained viable after 3 weeks
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Encapsul ation using polyornithine (PLO or polylysine (PLL) coating to

i nprove capsule integrity and Factor VIII release may al so be used.
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can be trmasphiaad ett vive Fubdareneedialsypplenzented bs dasoribed doveThih 407 eTm
device can be retrieved and cell viabilit measurec%ras above. Histglogical

studi¥s vllpgeneics _@elﬁl@l-usé’ﬂbﬂmib angb dfactan t release @nnﬂlﬁ dhiesafrseor y
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15 subcutaneously in a host animal. The TheraCyte™ device can be retrieved and

cell viability measured as above. Histological studies would also be useful to

confirm that there is no inflammatory reaction in the tissues swrrounding the
transplantation site. |

In one experiment, the survival and maintenance of hepatocyte cell

20 functon of neonafal porcine liver cells following transplantation 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 (TrypLLE Select, Gibco, USA) and were briefly rinsed in

25 3 ml of PBS. Cells were then suspended at a concentration of 1 x 10%/20 pl and

Joaded into 20 pl immunoisolatory 20 pl 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

30 closed. All procedures were performed using sterile techniques. Eight weeks
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viable liyer cells randomy distyributed.throughqut the .l umen. 20 The |iver

cel I's werl@er &Yy o BUE , WeTe héﬁm%ﬂ nWF’Fg g“b;@l I &G&Medé’@i SHHO 8d for

viability,. | using the 1CG test described above. There was no
HiReRs bR

di m ni sh nbers of viable/functional cells relative to

pre-transpl ant 1 I lbad f SRt - 90%
after 8 weeks Iﬁﬁéﬁ\ifi\%ﬁ%@ S{?t!til"s;%f Ogﬁﬁlr%g@egsﬁéﬁ% %pgnwg%ée:%ghé?ﬁotﬁg i

conf i ysmedbivbeipatbilityiofede! deB686 after 8 weeks in the intraperitoneal cavity. The
tissue adherent to the Theracyte™ devices involved organised fibrous tissue.

There was notable absence of any acute inflammatory cell reaction, and absence
of pronounced round cell infiltrate. Within the device there were numerous, well
defined clumps of viable liver cells randomly distributed throughout the tumen.
20 The liver cells were removed from the remaiﬁing 2 cell-loaded devices and tested
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%

.25  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 not provoke an immune reaction and are
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25 of the retrieved cells were viable. The above studies show that |iver
cell viability, function, and phenotype can be maintained for extended
periods int a%géug&tﬁ?d al gi nate capsul es and transplantation devices such
as the TheraCyt'e e. Additionally, the transplanted |ip¢gnpsibbezso not
provoke an immne reaction and are 44 WO 2005/094162 PCT/|B2005/ 001324

i munol ogiiaunplogisrlly eisolatedh fromr dag presipient t i slteipegkpertedathathéhe

hepat ooyt &ensBipER Ao AT aera e cels sull orayEeRial BRGNSt 1o cul ture
Ther acyt eTh deviiro ety 2 Oedhit TREB A" RENElrs Keie B BREL BT Rucv co

rel eased ' iyl ?Fbﬂn:"' WeRieso ' d 8).
Wi | st thg act%t}@lgielgl?%?ggl%rb?&%ﬁ? an aﬂ?ﬁ secrelgzyigglérgéegﬁ(%lﬁg in
culturg, THeACYR™ deoier fubsliges, SR Risalls dhowed A the Tharallie ™™ dagsd Ve,
anmount (Figures 7 and 8). 10 EXAMPLE 7 Effective Encapsulatéed Pig Cells
Transpl antreldasedt eltveninpmnd iFactdyl VélIAfaotprty sik weeltso(seel Figuted i7cardt8)mi ce
was bred at Brown University with a Black/6:129 m xed background. Wil e

this straiWhist the factars seareted were Jess than thab seweted! byidraenealls i culture,

bi ol ogi cal I nactive due to a pQint tatjop in the protein. Porcine
neonat al &#é’ ReLe ﬂeﬂ%’ééis&ﬁe&r |34 ESI?JIé)&F"éh]é(chgiqt&&'W@“Bb(ﬁguﬁ'@c%em a
pr ocedureac‘jlaﬁ‘)ri bed above and prepared and cultured according to the

I nvention. neonatal cells or adult cells were diluted to a concentration
of BRpllion cells/mM and encapsul ated into Medi pol al gi nate under standard
PLO .20 coating conditions. Enpty capsules were nade the sanme way. Capsul es

were held EXAMPI® ffor 3 days, washed in serum nedia and HESS, and

i mplanted into the IP cavity, of mce. A mdline abdom nal incision was

made .r ouglEffective Encapsulategt PigeQdlls Transpiande® intio Hemeiphilinc Miget t e was used

to Introduce 4% cgllbn(;zfofclgéz:?grl \el?ll deficient mice was bred at Brown University with
a Black/6:129 mixed background. While this strain still produced Factor VI in

15 normal amounts, it is biologically inactive due to a point mutation in the protein.
Porcine neonatal and adult hepatocyte cells were isolated using the cold

ischemia procedure described above and prepared and cultured according to the
invention. All neonatal cells or adult cells were diluted to a concentration of
Smiltion cells/ml and encapsulated into Medipol alginate under standard PLO

20 coating conditions.

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 mL serologic pipette was used to introduce 400 pl. of capsules

25  suspended in 600 L HBSS for a total of 2 million cells in 1 mi delivery vehicle.
The incision and underlying muscles were closed separately with 3-0 nylon. Tails
were bled under controlied 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.

: 30 The therapeutic effect of encapsulated hepatocytes was seen at 7 and 14

days post implantation, when compared to control bieeding rates. Whilst the one
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25 suspended in 600 pL HBSS for a total of 2 mllion cells in 1 nlL delivery
vehicle. The incision and underlying nuscles were closed separately with
8-0 nyl on. \J@izb(ﬁ/o W%e bl ed under controlled conditions for 5 mnutes into
eppendor f tubés sB d with citrate. In this study, bl oo#cyabidBeNas
quantified using a mcropipette instead of the blood |ysis assay. 30 The

t her apeumeckeblieedingovolume inwrtasedd fioap alayc (s Ehisvphenosasnon: wasaohserved days
post inplantation, when conpared to confrol bleeding rates. Wil st the one
45 VO 20t5pushagthe ssmglmheﬂne\&eéhegu’p@maﬁ@ﬂ PatiRn associded Wit om day
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groupss Sﬁwﬂliéﬁ fithtod gg‘dﬂg%%hﬁgﬂi%ﬁhﬁgdhféeﬁ g@?@éﬁ%’m'tﬂ@'lﬂéﬁﬁ‘bpl Appl i cation

The present invéntion rected to pharna al ~conpositions for

treating |i veIndusiddcApplicstig®r ders. The conpositions conprise at |east one
non- hepatocyte cell type selected fromthe group consisting of gall bladder
epi thelial 10Thel pessegtlihvénitivadds dinebted etoi adesiticnl lcompositiep foel i al
cells, bile duct endothel iciil ., cells, hepatic vessel epithelial cells,

hepatic (®atng livenédiseasa and disorderss Theseapesifipas campring At lnastennpent | i ver
cell's which are c ranspj antation i.nto a

SﬁCI‘ eti nb‘eP%teFW fﬂqf B}P%n%?ﬁﬁffqm_ ¢ EXR 895$i§!1%9f g%ﬁcﬁl%%@g S"‘jﬁiéﬁ‘];)r i si ng
b ovFGieq Cellg, S plaflfir SRR Blls, Bh dflcf RMRIET EE St bier UrifntBan
ndn- NEPLRE e esdol BIRERaIRINS, REONIcARsolBRIAINOSHIL Wi cell

addi ti onal onpri se hepatocytes. patents, publications, scientific

articl es andnsbrppienchpaulriines callg whﬂi&h&uréaéagyabﬁé epen aethsphmtdtiii imoed herein
are-indicative of the levels of skill of 20 those skilled in the art to

whi ¢h t heeg¢ipiewshhioshobsgareting FactonVBhahd wibér Hedtesesretory fantonse lDevines

material is hereby. incorporated reference to the sanme extent as_ if it
o boon CPREBIAE e b URent 0k fmpIanENoR: (et § TRMeRYaR Frarals@t for th

ner o1 | DeltRpiT Gy m! BPU e Bhude e 47 Hep iyl ARG Yon
hepatocyte cell type are also provided. The composition may additionally
comprise hepatocytes.

All patents, publications, scientific articles, and other documents and
materials referenced. or mentioned herein are indicative of the levels of skill of

20  those skilled in the art to which the invention pertains, and each such referenced
document and material is hereby incorporated by reference to the same extent as
if it had been incorporated by reference in its entirety individually or set forth
herein in its entirety. Applicants reserve the right to physically incorporate into
this specification any and all materials and information from any such patents,

25 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.

'_ 30  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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this specification any and all materials and information from any such
patents, 25 publications, scientific articles, web sites, electronically
avail abl e information, and other referenced-materials or docunents. The
speci fi c memwemsasndsxonposi ti ons described herein are representative of
vari ous enbodi ments or preferred enbodi nents and are exenﬁ?%“@r‘ﬂ"%zt&nd not

i ntended as Jimtations_on the_scqpe of the inyventioon. 3Q Oher objects,
aspects, %ﬁﬂ&r‘égeéﬂWWbﬁ t‘\"émg\h)’l Co¥ope ‘1‘% Q%n%-k& V‘@ﬂ%enfe art
upon consi deratjon of .t.his.specifi.cation, an . enconpas within the 46
Vb 2006 RS preskibed i Hart i varing P Ehioh ARHUROGE AT BR by ¢ he
scope of ' IRTE S Ly - - Skl insthe art
that var ypggnédl?g{sotnﬁeu% TVS ngbgrﬁﬁ%“ﬁ*%éﬂ %@%3@{)%&%@@% %‘et c§8 Fr?\rl}' ntion
di scl osedgligit &F theMdvaationd e frivefitibn Mdthfiverp Bescibéd 5Réihl M%E];;i Ry
i nvention.” The invention illustratively described herein suitably nmay 5 be
pr act i § edbé npiabticed siantlee adbsenye adfermmpt elemetiteor rdlements, | dmiliraitation aor
limtations, which is not specifically disclosed herein as_essential, Thus,
for exanjimitationsesdtich ns tuotcspasiically, diselaset dogreimnas essersicddnpThus,oforn he

present inventiqn, any, of the ternms "conprjsing”, "consjstinhg essentially
of', and ex@ma@a 48| mlqomsmebléerpabuac@abmnﬁms (G XaRDleR OfOISCPIeEMR 1 or rs

in the 10.specification Also, thg terns "gonpprising', "inecl.udi ng",

cont ai ni nga\%n@pg,_ e of o e, e, o CRBPHEPg o %Oﬁﬂﬁlggt%?ﬂu}w)’mo&gt 14 The
met hods am oIt L, yst I8l Y. e | r el 1.t a yahe
practiced ?%I&gﬁ r%?ﬁgm%&dgé S{e@‘a!cggtérbtg’ égjﬁé}b? ﬁa@gt ﬁg{}r ;we& r'%ltd%gge[sﬂs%ari ly
restr Mﬁt e %édiﬁéitﬂ)ﬁ?rM$<§, tBE 1SR ScdpliGAl E,d“mbﬁfd;ﬂhrg;’, Qontdinin®, &ahi®to It 1
al so that ‘as used herein and in the appended clains, 15 the"singular forns
"a," -"an, bearshd' elkpinsinelyudmdpiwittadut r Hfrdtatione uihes medthedsc @ntle procesbasar | y
dictates otherwi se. Thus, for exanple, a reference to "a host cell" includes
a pl ur al i iYustrasivelsx dagerihedahergin shgably mayubeatpractjcess ins diffietiiags orders|of  and

so forth. Under,no cjrcunstances may, the patent he ipterpreted to be
linited tétepﬁea%(bgatfdléy a6, b Pecessaly pesticied o i o %8@§@5é@ wcated |

be- 11 m t echoip gy TP Flaills, 0 itursO bR IRl o18, RO YpenBoc b BB o
enpl oyse ‘ﬂlfle Eiﬂﬁgfa?tf@ﬁhs age “'Ep?dﬁaa%e” 1188 pHithPRTeRED uffeal RIS ntbRe
speci-fically and w thout ‘qualification or ,

clearly dictates otherwise, Thus, for example, a reference to “a host cell” includes

a plurality (for example, a culture or population) of such host cells, and so forth.

Under no circumstances may the patent be interpreted to be limited to the specific

examples or embodiments or methods specifically disclosed herein. Under no

20  circumstances may the patent be interpreted to be limited by any statement made

by any Examiner or any other official or employee of the Patent and Trademark

Office unless such statement is specifically and without qualification or
reservation expressly adopted in a responsive writing by Applicants.

The terms and expressions that have been employed are used as terms of

25  description and not of limitation, and there is no intent 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

30 embodiments and optional features, modification and variation of the concepts

| herein disclosed may be resotted to by those skilled in the art, and that such
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reservation expressly adopted in a responsive witing by Applicants. The
ternms and expressions that have been enpl oyed are used as terns of 25
description and not of limtation, and there is no intent in the use of such
terms and Sx¥MIEhs to exclude any equivalent of the fpeihess@miown and
described or portions thereof, but it is recognized that various _

nodi f i camosificatianspandi varations e comsidetashdoobe t wishimihet seapeasf dhis ned.
Thus, it _wll, be g,er ood that  a]though the present invention has been
speci fi cHJ“le}‘uBﬂéél%g l@&a&@' Appended daiBhhodi nents and optional features,
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i nvend i ogiseRssube alsoeRaY paediihedalentivnd Thiveinchales Xho eefieric deadiptiin t he

narrower species and subgeneric groupings falling within the generic $

di scl osupé tied swefitomwidi & pedvisb erinegative hmitatiohseinovinglasy stlgegematter
description of the invention with a proviso or negative limtation renoving
any subj &om e genus,fregardiess ofewhether oyanadithe sxofsediroatesial in sprsificaily exci sed
material ig specifically recited herein. Oher enbodinents are within the
fol |l ow née‘iﬂegi €Mt addition, where 10 features or aspects of the

i1 recogn 2o g EREdob RS At el s R BG8Mon. Shaf of oty
2006 104 TESTRET piesRy 8B 185 M ne W Re kiR it 0t MBI WML, 1

térm cul thise shillibiptheat wiltebdozmahat teiaviton &l 4186 theeebydbiciibetidnat ocyt e

tissue in cold DMEM and incubating for up to 24 $ hours at” 4C, twi ce

di gest i ndemas of driyoindindid@al member oo subgrouptifancmbes, dfithe Markmsh geoup.
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presence of |ignocaine; separating the digested hepatocyte cells; and
culturing in nmedia conprising allogeneic serum 10 wherein said hepatocytes
are capabl e of secreting one or nore liver secretory factors for extended
periods in ombtoos@esids A nethod as clained in claimi1, wherein the

hepat ocytes are neonatal hepatocytes. 3. A nethod for thePCHEBROPEUIB2UI t ur e
of at' lea e {te cell 15 type capable of secreting one or

nor e Iiveﬁkgﬁgfgggﬁgﬂnéﬁﬁﬁﬁ%,_said met hod conprising the steps: comuting
non- hepat qcyte £ i i ‘ | ' A at 4G
twi ce di gact i néﬁﬁﬁﬁﬁfgg?gigp S m@?g?fek?gﬁfg%é’% bOmpftidiOte %
presence @ﬁqktgnocaine; separating the digested non-hepatocyte cells; and
culturing in nedia conprising allogeneic serum wherein said at |east one
non- hepat ocyt e coairhutiyp hepatosylectissad ih cold DMEM ang inmbatingtfongpdd 2al |

bl adder epithelial cells, gall bladder endothelial cells, bile duct 25

epi t hebi al ceIh@Fmﬁﬁﬁgcauct endot helial cells, hepatic vessel epithelial

cells, hepatic, vessel endothelial cedls, sinusaid.cells.gnd,non-parenchynal

liver cells. a4!Wke gigogang w a‘lﬁgﬁs?n"ilaaicﬂp@mf‘ g0, of 929}% G g]‘?e st ep

of co- culturi - cyte cells wth hepatocytes. 5. A nethod as
Bbssie REREHSERE

clained in cla € non- hepatocyte cells and/or 30 hepatocyte

cells are neongg aﬁﬁ%iﬁb(ﬁ estbd Rbakk ahpgd in any preceding claim
wherein the at @dést ne 9 t% 2805/ 3E9E4°f315’ PCT/ 1 B2005/ 00, 324

non- hepat ocytecmgmmmémnpmﬁg%&cﬁng or human cells. 7. A
nmet hod as clainmed in any one of clains 1-6, wherein the one or nore |iver
secr etlor y wheehr saidrlepasioytasearef capabléh ef gecreing comer o5 mgedivarnsecretbiood
clotting factors such as factor VI|I or factor |IX growh and/or

di f f er ent ifaciosnior extended periods in culture,

C

2. A method as claimed in claim 1, wherein the hepatocytes are neonatal
hepatocytes. |
3. A method for the long term culture of at least one non-hepatocyte cell
‘15  type capable of secreting one or more liver secretory factors, said method
comprising the steps:
commuting non-hepatocyie tissue in cold DMEM and incubating for up to
24 hours at 4°C;
twice digesting with liberase® (0.2 mg/ml) for up to 10 minutes in the
©20 presence of lignocaine;
| separating the digested non-hepatocyte 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
25  epithelial cells, bile duct endothelial cells, hepatic vessel epithelial cells, hepatic
' vessel endothelial cells, sinuscid cells and non-parenchymal 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
: 30 hepatocyte cells are neonatal cells.

6. A method as claimed in any preceding claim, wherein the at least one
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5 factors such as growth hornone and anal ogues thereof, insulin-like growh
factor and anal ogues thereof, hepatocyte growh factor and anal ogue t hereof,
fi brobl ast factor and anal ogues thereof; or hornones such as
corticoste?’%l;g"\g.g)a%ﬂg% met hod of producing one or nore | i VEETSRRHGGPIN
factors in vitro fromat 10 |east one non-hepatocyte cell type selected

f r om t henay-hegatooyteicellitype and/oa hiepatocyttd are pig einaman cels.l s, gal | bl adder
endothelial cells, hile duct_epithelial cells bil e duct endothelial cells,
hepati c Tresseh 18§ 5 glpimged 1y any parof clyias b6, vdirgsinnte ale 6EMAE si nusoi d

K d non-parenchyml || N id method . | sing the st f:
15, i sol BN ELSAPEY HPB.aE soleothd Lo P gHE OBRHSIPRILERIE MR sar d at
ot ) ; : Ny :
cer um § oroB; SRV Floko’ YA o GRS, P AR ELRIUGE diftbleheBlibRor UL 7
secr gt orfhciod§ lsich hdlRowilp HRfiohe ﬁdvﬁﬁldgiﬂssméﬁbdﬁ%@ﬂi&ﬁﬂﬁezﬁo%i onal I'y

I solating or purifying said liver secretory factors. nmet hod as cl ai ned

i n cl ai nfia8torvinel ehaloizhes dierbef)shepanscye growiinttadyt andcaidlogywpehérsof,
co-cultured with hepatocyte cells. 10. A nethod as clainmed in claim8 or

cl ai m 9, fitnoblast n gsawth afactarasimdonanalogueshaheteofyter ctrimongse such/ as

hepat ocyte ,is isqlated fromneonatal tissue. .25 11. A nethod as clained in
any’ one FUEPHEFAHAS- 10, wherein said at |east one non-hepatocyte cel l

comr1 si §. oA rueepd o Sthdnhe e Fere v seciort o i B8 it ot on
_ a _ _ _ :
or ovi%i nEaeh BAE ncibSERE G V1P R sefeDle) bHF e WP obisil OF el 7

sdi d rechRdgat egidﬁkﬁl delisRiodll MAdSér BRIGhAP- AR bIeYdRtcepithelMP eils,
selected fromthe group consisting of gall bladder epithelial cells, gall

bl adder b#® S@x©2amdbeliab2ceN3]/ hBgais/ Vasal epidetinhetdlls, hepatis vaskel duct
epithelial cells, bile duct endothelial cells, hepatic vessel epithelial
cell's, hepdathelialecells, simseidells| andnps-pasenahymal ven selimdsaidimefwdenchynal
. v}er Cecl:(lnflprising the steps of: : .

15 isolating said at least one non-hepatocyte cell type;
culturing said at least one non-hepatocyte cell type in media supplemented

with allogeneic serum for a time sufficient to allow secretion of said one or more
liver secretory factors into the media;

' harvesting said media; and 7

“20 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.

.25 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 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

30 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
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13. A conposition as clainmed in claim12 further conprising hepatocyte
cells. 5 14. A conposition as clained in claim12 or 13 wherein the at

| east one n%bz&g;agh??yte cell type and/or hepatocyte cells are neonat al
cells. 15. conpositfon as clained in any one of clains leetldB20ehi@isisn t he

at | east one non-hepatocyte cell type and/or .hepatocyte cells are pig or
human cel leadotlgliah Q&hgdeoﬂu%r%ﬁiﬂtﬂ osHe, bile ndnas Wa;%hdﬁﬂcfﬁﬂlso Bepatiet or s

in vivo, 10 gonqr,i SJ he,step of ipplagntipng a gonposition_.as clainmed in
any one ofY eé'?eji %ﬂléﬁ %ﬁhﬁnpﬁpaﬁcp Xﬁséﬂtgnaﬂ'&ﬁgé’d Wﬁ%@@?‘?mﬁl?‘?e - as
clained in ' rejjn said conposition provides |liver secretory
factors OE%%W&‘@ lﬁégé??nﬂet abolic or physiologic functions over an

ext ended e} ST @hinSeH i 18, %{m Jod |

conpri si nglqiineq%resrﬁf.@f.g aggr e%at es g’?ag%ﬁllgas Q};&r:]@éﬁ gn- epgt océtéebg%'l type

capabl ¢ upen | lcaniisitvh adthited 98idPian2 o2f13 WHeeifithe atMeHs®one §foret | N9
one or nore liver secretory factors, wherein said at |east one

non- hepat depatoayét tell yype arsl/orheratecyié colls afeenegmatgl cellasi sting of gall

bl adder epithelial cells, gal], bladder endotheljal cells, bi]e_duct

epi t hel i all%el 14 compasition aselairend dn sayicne ofeslnins A3ph ivharessthie adeasiel i al

cells, hepatic vEsseI endot hel i al czl:elps, Si nuei!ioi d cells, and nop- parenchynal
liver cel |¥e@0On~ ﬁP‘i‘tﬁ’ﬁ)"‘&rﬂeﬁWEeéﬂ ploryigcelis arepig orhuman celis. wher ei n

t he -aggre es , furthe onpr 4 hepat qcyte cells. 20.. An 4 nplantabl

conposi ti of*as & Iﬁe&hﬂﬁi ioﬁ ﬁ?"éﬂ“ﬁﬁ%"%‘? %g r&ﬁléer g*vr?rﬁ%g%tpry 2@%@%5’1“ Hh‘go’

non- hgpat q_q#,gngﬁ I t o : F Blgérﬂ S.

21. Aqget ho S C aqléné iﬁpﬁmﬂgggr&gﬁ%%ﬁ%‘%%?ic%ﬁlgg %ég{yne |ﬂcc arm1, 3
or (19, WhEZ-¢Brintd@ pheaetingieed shaaeef.i sol ated fromimortalised cells in
ConMmer ci allll% availabl e cell cultures. 22. A conposition as clainmed in claim
12 or 18, er ehmi¢thodas dlaimd tnelaironté sheteipstuk gompositiont yrovidesiprerses

gal | bl adder endothelial and/or epitheli %lg cells, 51 WD 2005/ 094162
PCT/ | B2005vesuetoty faciornor aipvisles  lover smetaoaliseer physiplogie Janctionmoves ag gal |

bl adder epithekial .cells.. 24 . A.conposition as clainmed in claim23 further
conpri si ngﬂm‘i‘?cﬁe‘?ﬁ%‘gpﬁ)ﬁ @pfantéhon. ‘
‘15 18. Animplantable composition comprising one or more aggregates of at least

one non-hepatocyte cell type capable upon implantation into a recipient, of
producing and/or secreting one or more liver secretory factors, 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 epithelial cells,
20 bile duct endothelial cells, hepatic vessel epithelial cells, hepatic vessel
( endothelial cells, sinusoid cells and non-parenchymal liver cells
" 19.  Animplantsble 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
25 least one non-hepatocyte cell type and/or hepatocyte cells are pig or human ceils.
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-

.30 hepatocyte cell type comprises gall bladder endothelial and/or epithelial cells.
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ratio of between 0.5:2 and 2:0.5 gall bladder epithelial cells: hepatocytes.
5 25. A conposition as clained in claim?24, wherein the ratio of gall

bl adder epithelial cells: hepatocytes is 1:1. 26. A conposition as clai nmed
in clai m1¥Q00¥8%16herein the one or nore liver secretoPETABMITNNEII4S a

bl ood clotting factor,,K 27. A conpgsition as clainmgd in ¢laim?26, wherein the
bl ood cl ot23 ng& senwosition ag claimed in\glaim 224 compriag galbdblagder @Msi tion
as claimed i.n claim.27, wherein when the blood clotting factor is Factor
VI11, von 1I‘-I ebrand factor is co-secreted. 29. A conposition as clainmed in

andl or i Afr oft BB PRfpdd Rl 23 S SPbirEbBitihg BRALS i 0T 70"
wher ef n t lirig of Welwadifl) 82 afd DICRS AR cpRBERA detlsoRbSAbEgtelr om gr ovt h

hor nrone and anal ogues t hereof, sulin 1 ke growh fact'or and anal ogues
thereof, IBShat o omparsitidrh af atdinredaindclagmnalfowherdimehe afitiowf falbrodinddest
growm h factor and anal ogues thereof. 31. A conposition as clainmed in claim
12 or 18, epithebBahcallse hopatooytemis &1l.i ver 20 secretory factors is an enzyne.
32. A conposition as clained . ip claimi12 or 18 erein said non-hepatocyte
cel | typestfar e Alepmpogitionyh ¢latned rclopacizer 48, whereid tigppaaor mure lveset hod

ft ti it ) ent f ' di dt di

Condit 1 on HERURRAGIPra A LRSI o absence of a || ver secr et ed
condi t on 23 _ i _ _ .

| ol ant bl conpeonibshish. o Bekdh Bl o6 wheichr e BIBMUBlR (8R% 7, 15 0

in neqfl t Rieq! VIIIHhd/ch FRIGAK . as claimed in claim33, wherein said disease
or condition 1s <chronic liver insufficiency, liver failure, liver disease,

or ral cohol28 | iAeonpositer as @Gaimed irechdol 23, sihereindwhen thaiblodd clottiagei n
said insufficiency, failure or 30 disease js caused by infection with
hepati ti s factor isFacton V111, yon-Wiletgand factet iscw-sscretedat i ng a pati ent

suf f eri ng om or predjsposed to a,blood . clottiing di,sease or condition
conpri si ngig{-he $ﬁﬂmgiqu?§ glﬁ“ﬂ?&& F@é@i Jw’_eoﬁ ulYEeresn s, eng OF Fore liver
ol ant abl & LOBRPRlckdrR 18 o el BlerdteRiiMhor ickf, L0 @ P ent

15 30. A composition as claimed in claim 29, wherein the growth and/or

pul?

differentiation factor is selecte& from growth hormone and analogues thereof,
insulin like growth factor and analogues thereof, hepatocyte growth factor and
analogues thereof, or fibroblast growth factor and analogues thereof.
31. A composition as claimed in claim 12 or 18, wherein the one or more liver
20  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
25 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
30 disease s caused by infection with hepatitis A or B virus.
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in need thereof. 5 37. A nethod of treating a patient suffering from or

predi sposed to henophilia and/or a blood-clotting di sease or disorder
conprising the inplantation of an effective anount of one or nore

I mpl ant abl e conpositions as clainmed in any.one of clains 12-32 to a patient
in need thereof. 38. A nethod as claineggin claim37, wherein said
hemophilia is hemophilia 10 A 39. A nethod as clainmed in any one of clains
33 to 38, wherein the inplantable conposition of any one of clains 12 to 32
conpri ses 3@l | A methadsof treating a patiemt tsaffeeing froompatprédisposedeto alblsodh as
alginate; cells confined in,a suitable device, such as_a vascul ari zed tube
or 15 Thetlaging-diserse; efecondilion compiising thetmplaniation of ar effsctive emoustich as

gelatin, collagen, .and/ o tural carbohydrate pol.ypers; lor cells .
dont | ned |0 S PEARE BLARIFRe CogRpasUot A foh b L AR 1 B30 s Bt

pr oduced 'tékealtb%s?ei c thrombin. 20 40. A nethod of adm nistering a bl ood
clotting factor t0 a patient in need thereof, wherein said blood clotting

factor 4 s ppnpl £Xxe&thad HftFcafing ACpaticnd suffeAng Frdin At prRdiSpdRALtB R e of
enhancing the activity, stabilTity, bioavailability, and/or efficacy of said

bl ood cl ot dndigr faabloed-clatteree discase onatiborder comprisisg tthe implmitatiomtafoan of an
effective amount of one or nore inplantable conpositions as 25 clained in
any one of effeciiviesamountoofzone or sre ipplansshle compositipnstaslaimned i anstone cl ai m
40, wherein,the b clotting.fact is ~ Factor VIII, and said one or nore
factors ca%%‘ﬂ?’én%ﬁ%%ﬁr?@wn?%nﬁ%fﬁ\ﬁ?% stability, bioavailability,

and/ or effggacy, | pef Taly) : 1l - zm%] lﬂﬁﬁ r. 30
42. A net h%)%f ofAt(:Hr] %@? Pgagb(ggpat | gﬂrzrtc}ag%‘ ?'ie’?iﬁ]r}gfctulr' éﬁ%ﬁg@e%%%ggse Jo aé)

di seasyy orA.condition associated with a deficiency in a netabolic and/or
physi ol ogic function -54- of the liver, said nethod conprising the

i npl ant ati 3% ofAamegiddasi ¢laimeduin ay opge obrclaine 3hpbadBatwhkerenpbsi ti ons
of any Onei:fx)];laﬁtla%icnsco%pés?ﬁgnz E) atn?re on%atbifegfaims 12 to 32 comprses cells
| encapsulated in a suitable biocompatible material such as alginate;
cells confined in a suitable device, such as a vascularized tube -or
15 Theracytem 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. |
20 40. A method of administering a blood clotting factor to a patient in need
thereof, wh&ein said blood clotting factor is coniplexed and/or associated with
one or more factors capable of enhancing the ac{i{{ity, stability, bioavailability,
and/or ¢fficacy of said blood clotting factor, wherein the method comprises the
implantation of an effective amount of one or more implantable compositions as
25  claimed in any one 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. | |
30 42. A method of treating a patient suffering from or predisposed to a discase or

condition associated with a deficiency in a metabolic and/or physiologic function



43. A nmethod as clained in claim42, wherein the disease or condition 5
conprises chronic liver insufficiency, liver failure, liver disease, or

al coholic liver disease. 44: A use of at |east one non-hepatocyte cell type
capabl e of secreting liver secretory factors, selected fromthe group
consisting of gall bladder epithelial _gglls, gall bladder endotheli al

cells, bile duct epithelial cells, bile duct endothelial 10 cells, hepatic
vessel epithelial cells, hepatic vessel endothelial cells, sinusoid cells

and non- pagfethenliver] shidvimetinodl tomprisingethedmplanthtion offanacffestiveoamotnt of
treating a patient suffering fromor predisposed to a disease or condition
associ at edond on moredisnplantahlg ¢ompasitose of anyf one [afvelaimedZeted32f tathe or
suffering frpm or predisposed to a disease or condition associated with a
defi ci encyP aiteng met abol i c and/or 15 physiol ogic function of the liver. 45.

Nver @it o raniiptiod ol CRmEdre” ohigl R, WAGRE BF BB, bf hanitpien °" ©
the or oup 28 s%‘%fﬁh%%m%ﬁh"e? PP Py RS %ot fseade) BF pREREAG Bpet O

endot hel | afiseégdel s, bile duct 20 epithelial cells, bile duct endot hel i al

cells, hepatic vessel epithelial cells, hepatic vessel endot helial cells,
sinusoi d c#l s Ansenafnatpleashong mein-hepatecyte cel type tchpablnmﬁjsmeuuge liver a

medi canent for, treating a nt suffering fromor .a. bl ood
Cl ot {1 ng. diectetery SpotanaPidbtd S b SrhubdonRrhg  ofaall PIBIIeE, cpithetia

henmophi | i a f sai d
medi Eament éﬁﬁu%@néja%d?r%rﬁlag@s%lgj EEggﬂF e ceFP mﬁ ceﬁ& 3651?%%&5% %&gp

clai Mm@y, IR ﬁb@mﬁsmlﬁﬁmbdw 'ﬁﬁpaﬁdﬁﬁe@al éndd@héwmr«:lwpsmﬁwxa %éll§9| I's
anhd hepatocytesmaratlo of 0.5:2to 2:05, preferab y|na ratio of 1:1.
WD 2005/ 09%kidbRomrpatenshphifal ﬁo&s&aﬂm the\menm facturel of anegdicanseny farzeatingca ai s

45- 48, wherein the nedi canent conprises cel | s.encapsul ated in a suitable
bi oconpat i pattentantieriag frem or E@dlsﬂoﬁiﬁ% a.digease 91'(?81‘4?’4%353151‘3’61%%@& e

device, s “&&ié‘ién% fﬁaércéﬂsgﬁﬂ;g 6Fa 10RPsQreted fér&&f 8¢ M&%gﬁ%&f &t predisposed

to a disease or condition asséciated with a deficiency in a metabolic and/or
15 physiologic function of the liver. _
45. A use as claimed in claim 44, wherein said disease or condition is chronic
liver insufficiency, liver failure, liver disease, or alcoholic liver disease. 7
46. A use of at least one non-hepatocyte cell type selected from the group
consisting of gall bladder epithelial cells, gall bladder endothelial cells, bile duct
20 epithelial cells, bile duct endothelial cells, hépatic vessel epithelial cells, hepatic
vessel endothelial cells, sinusoid cells and non-parenchymal liver cells m 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.
25 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 comprises gall
bladder epithelial cells and hepatocytes in a ratio of 0.5:2 to 2:05, preferably in a
ratio of 1:1.



cells encapsulated in matri x preparations such as gelatin, collagen, and/or
nat ural carbohydrate polyners; and/or cells confined in a plasma thronbin
cl ot includin%@allo?eneic pl asma clots produced with allogeneic thronbin.

,10 50. A dWO2085/494162 npl antation into a recipi ent sufferiFQI/iB20Mm001324

predi sposed to . a disease assopciated with defLcj.ency in or absgnce of a
secreted | fer Addeons olaimed iy gy Q‘EﬁTﬁfi@‘ﬁﬁf& ﬂﬁ'éigor én't{ﬂ%l g¥ngnt

conpositions as claimed in e.  of clains,l2-32. . A device cl| ai med
el 2l m SR el et oo iy SHERE biscoRTiagle el SHER F e

mat er i; al ng al ginate; a vascul arized tube or chanber, nore preferably a
Ther aCyt eTM"devi‘ce available from TheraCyte, Inc., CA, a matrix preparation

GPTETL| 0,06 I, ORMBOE, e Mg dviol o arTIBITIE oY 20 2
al | ogérgei cThbraoyte . deice;
' 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.
: 10 50. 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 as claimed in any one
of claims 12-32.
5. A device as claimed in claim 50 comprising a capsule comprising a
/ 15 suitab‘Ie 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, collageh, and/or natural
carbohydrate polymers; or’ |
20 a plasma thrombin clot including an allogeneic plasma clot produced with

{ allogeneic thrombin.
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