WD 2004/ 011622 PCT/ US2003/ 023869 METHODS FOR

PERFUSI ON AND PLATI NG OF PRI MARY HEPATOCYTES AND A
WORBIHONGEHEREFORE [ 001] This invention was SuppoTAUS2008/023869

part by National Institutes of Health training grant

and the governnent of the United States has certain

rights thereto. FIELD OF THE | NVENTI ON [ 002] The

present application is directed to nethods that

enhance the long termfunction of primary

hepat ocyt es. BACKGROUND OF THE | NVENTI ON [ 003]

Hepat ocytes nake up the bulk of the liver and are

responsible for the liver's central role in

nmet abol i sm and det oxification. Cultured hepatocytes

are thus essential in the study of the pharnmacol ogy

and t oxi col ogy METHEEW EQR PERFUSION ANDIReATINGer |

Primary cultures of adult normal human hepatocytes

Phe. aspeat SRIARERETASoCy Es ARK S MNP pTER KBl

human, including for exanple the secretion of plasma
proteins, the oxi dative netabolismof drugs and
xenobi otics and the activation of procarcinogens In
addi tion, such cultures provide a uni que neans
i nvest[PQH: e Teinvantioreweesupporteshipgiaghaifeicss! I@gmtutes of Health
stimuli such as cytokines, growth factors and
hepatiop eegnb bod WO gp0QANBAlFARe BaEedISRER Jad 23860 rights thereto.
viruses on liver specific functions under conditions
whi ch woul d not be possible in aninmals for ethical
reasons. [004] Cultured hepatocytes have al so been
proposed in the construction of extracorporeal |iver
a%ﬁtii)@FW&?@ﬁVQEﬁﬁﬁONWh'Ch have been proposed as a
t reat nent or patients suffering acute or ful m nant
liver failure. The LAD would function as a

[002] The present application is directed to methods that enhance the long

D

term function of primary hepatocytes.

BACKGROUND OF THE INVENTION

[003] Hepatocytes make up the bulk of the liver and are responsible for the
liver’s central role in metabolism and detoxification. Cultured hepatocytes are thus
essential in the study of the pharmacology and toxicology of chemical entities in the
liver. Primary cultures of adult normal human hepatocytes provide an in vitro model
for investigating many of the aspects of liver physiology in mammals, preferably
human, including for example the secretion of plasma proteins, the oxidative
metabolism of drugs and xenobiotics and the activation of procarcinogens. In
addition, such cultures provide a unique means to investigate the influence of

physiopathological stimuli such as cytokines, growth factors and hepatotrophic



tenporary support designed to provide hepatic function
until liver transplantation or the regeneration of
woOheoqpaidzent' s own |iver. The LAD i ncor por at esPar/us2003/023869
bi oreactor containing isolated hepatocytes that are
expected to detoxify substances in the «circulating

pl asma of patients in liver failure. [005] However,

one of the challenges in using isolated hepatocytes

f aiiruaesyondiver speetfes fapgidns aniereoniigions whickarsplé pok hegpssible in
differentiated functions are transient, lasting only
hQu{rgalt foratfiewrésyss. i n cul ture. For exarrpl e, primary

hepat ocytes grown using traditional ceI I cuI ture

techni ques are typically vjable for o ¢
seven [0d]s, %er piscytegihgye %é)nqueﬁtpé OP tﬁ%ﬁorfsgllcuon 0
two to four days. N shibe, Y, and Hrata, M

| resttra¢drporeaiflivey assish deviecsRLABD, Whishyhae been propasad aya treatment
nonkey hepatocytes. Int J Biochem Cell Bio.

27f0§pz§ﬂeﬁts?s§5fenﬂ-§&ﬁlte JietulBight, livdr GailulNg , TIRA. ABamoyld Ririction as a
Waxman, D J. Xenobiotic induction of P-450 PB-4

(lt{elﬁégl‘ta?}nglp o&%@ﬁ ﬁéd% r@sﬂ&’e héiﬁﬁ@ﬁirﬁh@ﬁ‘ uAiRNBRX wafdpRHeation or

1'esrn pr| ultures of adult rat
he at ocyt es. 9 ,
Trt SYRELE eratﬁj)n @ﬁ %tben%"g O%Vﬂ]lglgil' ’i’f?«aﬁL %%arglglleagéé a b?oreactor
| sol ati on and cul ture of orc:lne hepa
arqonfangfsolatesgieraiopist tha @&eﬁpqert%‘ﬁ@’ ffego’%!fuﬁs%%‘“’eiﬁb%e
This Iimts their useful ness. [006] Hepatocyte

CLdﬁwtaAmgg)iasma Olﬁgalm;lt&:mrlrvéhfaﬂ@éq | culture techniques
| ose specific structures | ncl udi ng fenestrati ons,

bile ¢ and Io L nucl.eat.i on. £

addi ti @ﬁgj ﬁélo\kfﬁ Yo Ns P ﬁ]% 2R él? @H? &o}a’t&l hepatocytes for any o

characteristics and structures_not S%ﬁ{\]l in the WO . ¢ lasti

2 oihaserppEoatiopsTy thetanyn) ¢fhesg glifferentigt netiQpg Are t[rwn , lasting

spread out and becone el ongated, and extend stress

f i iy BourSoo A fevaflaysringhliwtien gior h)gqmmlgdym@egy Hepateoyses grown using

expression of sone of the transcription factors that

ar gadigsm0 06l bhigird Rehhigokscire gypiaatip viablepfor onlyghreeity sgven days, and

speci fic genes. Exanples include, HNF-4, HNF-3,

G %t ai@fé:réﬁtigﬁﬁ(fﬁ)hction for two to four days. Nishibe, Y, and Hirata, M.
Induction of cytochrome P-450 isozymes in cultured monkey hepatocytes. Int J
Biochem Cell Bio. 27:3:279-285. 1995. Jauregui, H O, Ng, SF, Gann, K L and
Waxman, D J. Xenobiotic induction of P-450 PB-4 (IIB1) and P-450c (IA1) and
associated monooxygenase activities in primary cultures of adult rat hepatocytes.
Xeno, 21(9):1091-106. 1991. Niak, S, Trenkler, D, Santangini, H, Pan, J and Jauregui,

H O. Isolation and culture of porcine hepatocyte for artificial liver suppott. Cell Trans

5:107-115, 1996. This limits their usefulness.

[006] Hepatocyte cultures grown using current cell culture techniques lose
specific structures including fenestrations, bile canniculi, and loss of binucleation. In

addition, the cultured hepatocytes exhibit characteristics and structures not seen in the



[007] Another characteristic of fully differentiated
hepatocytes is the secretion of albumn. Yet, in
wonrimmny2hepat ocyte cul ture, al bum n secreti onPCE/US2003/023869
significantly decreased by 8lay 3 and is nearly
undet ect abl e by ELI SA net hods by day 5. [008]
Hepatocytes cultured in currently used nedium | ose the
ability to netabolize xenobiotics soon after plating
Ojinachitemethey soeasbois aas peaosry dangated, gpdetteyd %’é%g% S:pyoon
day 3 in culture. In addition to the expression of the
drafgr phihgdeipatotytgs éerzsasesxpresseonadfispineyof the trangerdpsion factors that
expression of the drug netabolizing enzynes is also

9r fatdsyorksesl ¢Qdn@¥eig fran¥BriptionCaflliver €peclflR0thes Examples include,
standard nmethod for 1solation of primary hepatocytes

i SHN%W g Cgm&g&pcgéﬁﬂ;ggen per f usi on net hod.

However, "thefe Ts a neasuradbl e generation of reactive
oxygen and reactive nitrogen species (ROS/ RNS) during

t hi s OETEdupBethe¥RatONEstiayEfulgtdifidrogiatad hepatocytes is the
inplications for the isol ated hepatocytes and mani f est

hs%@?%ﬁb}f 8 alblmid ey E© L{%Trgg?l? NehRBSRE chitiRb thlbumin secretion is

t
peroxi dation, protern ications and danmage of

DNA. .[.0010]. R ' i :
i G e e 2 ARG SR RIAR L3RI potross by dey

For exanple, in response to various inflanmmtory
st¥nuli, lung endothelial, alveolar, and airway
epithelial cells, as well as activated al veol ar

macr o p@lﬁgts : Hg%é%gw{(%l J%ﬂf_‘{séd?lb%ﬁﬁfmﬂ?ﬂﬁgg e dm B3 the ability to

super o anion radi cal . regul ates

 BERDAIe 1GPEOTRS ORG s 35t 1 gegme 38 Jeflexprossioni
PCT/ US2003/ 023869 4 host defense agai nst variogiFd
bagieaily eedusgsivex/day, 3 imgoligey Ipaddiion Qe CXBirsT Ak PHIE CHtE
critical enzymes such as mitochondrial aconitase and

r i hetaboliziog eneynesdihe thgity tonipd®e axpressien Phtheskiupmetahplpzing
groups, or by binding to their iron-sulfur centers. In
adgiAyinB is also greatly reduced over time in culture.

[009]  The standard method for isolation of primary hepatocytes is using the
two step collagen perfusion method. However, there is a measurable generation of
reactive oxygen and reactive nitrogen species (ROS/RNS) during this procedure.
ROS/RNS have pathological implications for the isolated hepatocytes and manifest
themselves in the form of increased lipid peroxidation, protein modifications and

damage of DNA.

[0010] Reactive oxygen species and reactive nitrogen species can play
important roles in cells. For example, in response to various inflammatory stimuli,
lung endothelial, alveolar, and airway epithelial cells, as well as activated alveolar
macrophages, produce both nitric oxide (NO) and superoxide anion radicals (027).

'NO regulates pulmonary vascular and airway tone and plays an important role in lung



"NO reacts with 02-at a near diffusion-limted rate to

formthe strong oxidant peroxynitrite (ONOO ), which
woam4niliaat e and oxi di ze key am no aci ds in vaPCoDm$2003/023869

lung proteins such as surfactant protein A, and

inhibit their functions. [0011] Nitric oxide is forned

by many types of cells in the body for the purpose of

intercellular communication (brain, cardiovascular

sylsdseddfense agsinsavarioof baatdre. Hemigrer, OYO iyl eyt @rig by inhibiting

response system (macrophages, endothelial cells). The

chaftical énzyafes NR2h 3 roixocBendiz dcdiinbogidrbonnylsoedesredsctase, by S-

very conplex, both in nunber of chem cal species and

I Npj i s b ir¥E-shI@@Ceh@RS In addition,

[ Bﬁ%ﬁ&i%ﬁ@ﬁlﬁ%?@%%???ﬁl fr or%\qﬁéﬁim when Q2 is al so

pr nt. In.thi-S,  cas r It L '

DR Refts Pl o 4 50 srBRaringRbd e 8 188 M A5 Ko

sci ssion to hydroxyl .radical and . [ 0013 o .

HePHOBEYEES (@ﬁg?o&e b £3p PaTaly %‘%deﬂl\l’%% E“e}ﬁ 6@#}(’. geiffs g various lung

the effects of exposure to carcinogens. Sone

enpiotedrmaich ab swirstAng proéeip ds end inkikyt Pgir Agesigheal t h.

The accurate assessnment of these risks requires

guant | ive,data on.h n I .

curr ellﬁolzigyj es{\]?tﬁﬁtoé( N gom%ﬁ% §§ %azlﬁéﬁqess Oo? &ng?%f%d?nf cal tshe
inthe air, water, or food. @l r.ect asurenent s .in ¢
huBERO%S: Qfdhterqeilplgn Compmupicationaraim, A3 aYASFUIR Systepyer as part o
been attenpted, since the conpounds involved are

us thelilyugieor inflanweaiordspones system (adrephages, epdothelial cells). The
Hepat ocyt es are useful for quantitation of

t o¥henik@e@ bR i oxiygetiafeddacivgicelaystons ds vdry complekpbdth gn number of
their reaction products to human proteins, including

Cak L MeAaRScicd BHAH QMRS AR ah@86iistdeive hettiond. s .
Hepat ocytes are al so useful  for nore accurate

assessnments of human risk, and nore precise )
epi def@dRdgi EAFA WON2gohoteeX2orrtEOYsiB0$).02 886 gresent. In this
i nvestigations of the links, for exanple, between

ex pasUpgok higidé forfe gaidly and tHenullowt@gmetanation, undergoes

homolytic scission to hydroxyl radical and NO,.

[0013] Hepatocytes can be valuable systems for quantifying the effects of
exposure to carcinogens. Some environmental chemicals pose risks to human health.
The accurate assessment of these risks requires quantitative data on human exposure.
Such data are currently estimated from measurements of the chemicals in the air,
water, or fogd. Direct measurements in human blood, urine, or tissues have generally
not been attempted, since the compounds involved are usually short-lived and present
in low levels. Hepatocytes are useful for quantitation of toxicologically significant
compounds by monitoring their reaction products to human proteins, including
carcinogens, mutagens, and other reactive chemicals. Hepatocytes are also useful

for more accurate assessments of human risk, and more precise epidemiological



[0014] Cultures of hepatocyte that remain either

viabl e or functional for extended periods of tine
wow4hibe2useful to liver biologists, toxicol ogCss2003/023869

and pharmaceutical researchers. Because of the short

half life of the cultured hepatocyte, many' phenonena

cannot be studied properly. However, aninals,

i ncl udi ng humans, encounter a nyriad of toxicants in

t Hipvestigationg ofitherinks, ThreeXampie, baFCREEPOSIFGOr<grinogens and human

def ense to such toxicants is the liver, which

mehakel | zes over 80% of all agents that we intake.

[ 0015] The induction of cytochrome P450 enzynes, which

function to clear toxic sufstances,.is a | o fact

| wBOHA: | druliees of heRHER R Rt EOHBR EET JBELS orlgpoigl tor

in the drug discovery process. Mre precise . ,

preattinded persodsfof BaBOvoUd be tisasil toWyer blolagiis iantolagiys.apd

forward in pharmaceutical production schenmes. In the

argarmiceutital egseirokérs.o0Bogys¢ bithe skharnhelite ofithmeliveethhepatocyte,

| ag between exposure and mani festation of toxicity,

f 01F1 bBienREdnAbOd dftudied pRpeSy. NEbAEMdr| irfmhll iethding humans,
no takes nmany days to have its effects on humans,

:Tgeir%é%}q%!rzz}e%Sﬁgd Bgt%g%cﬁx?tg grfth%frfeﬁgitrénégeﬁ.e AL Pyt bR hfdat rigorous

Xenobrotircs for exten anount s of tine
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to test themfor liver toxicity. Using isolated
hepaindalet es provi des only an indication of short term
probl enms. For exanple, if toxicity occurs after an

eXPOSUr reat er G ;
ool olt0T5E PEAEabRR of v RS0y REE M ction g clear
be desirable to have an inproved net

d f
RfONICATURPLARCeS Hg B AR FREIST IR o o i compound goes

periods of time for pharmaceuticals testing. An rug .
t afoyetmdntiee dmediscovasy progess. Waeredresaseauedietionsod )rééég fritotion

such an inproved hepatocyte WO 2004/011622

PCRbki326034602 386 fofvacdin prrmhiceutcatpreductiPo sehamigs.abthe area of

efficacy could better be nodeled in a long |lived
liver toxicology there can be a significant lag between exposure and manifestation of
toxicity, for example, aflatoxin, a toxic metabolite formed by mold takes many days
to have its effects on humans, to study these long range effects a hepatocyte that
metabolized xenobiotics for extended amounts of time would be useful. Companies
interested in determining the toxicity of their candidate compounds are obliged to test
them for liver toxicity. Using isolated hepatocytes provides only an indication of

short term problems. For example, if toxicity occurs after an exposure greater than 3

days, current hepatocyte culture would not detect the toxicity.

[0016] It would be desirable to have an improved method for maintaining
hepatocytes in culture for extended periods of time for pharmaceuticals testing. Any

drug targeted to treat the liver would be better tested in such an improved hepatocyte



hepat ocyte nodel than in its short |ived counterparts.

SUVMARY OF THE | NVENTI ON [ 0017] The present invention
wonrowoder2met hods that permt culturing primarCT/US2003/023869

hepat ocytes for extended peéi ods of tinme and maintain

function and/or viability for greater than three

days. The nethod conprises plating the hepatocytes in

the presence of an anti-oxidant(s) and a cond .
agetitcultuiesnedeh Petencyeandrificagyspulddetter beamoé“i(i?@’tni %o|qng lived
i nhi bitor of an enzyne that generates reactive oxygen
arepateaytt mwelehihiin agenshosiplecdesyntorpalt®) directly
inhibits the reactive species, or (3) increases
intracellular glutathione. [0018] In a preferred
enbodi nent, the anti-oxidant is tocopherol succinate

a scavenger of the hydroxyl radical. Preferably,

or
t i ger is mannitol. [0019] In
aWARﬁy?meﬁmﬂn

preferred enbodi nent, the second agent is a
gl utat hione precursor or an inhibitor of nitric_ i
oxi de[00B7lef eFlabprgsent nyenfian providenmefhods thag permiiscujturing primary
oxo-thiazolidine. Preferably, the nitric oxide
i nipliot Ptes Fr eXena®d parlcals of tineand MORA fAngramtandior atabjlity for
pre#grred conbi nation is 2-oxo-thiazolidine and

L?é?&@%gh E}grﬁrg?%af[ﬁe n{e@l%ﬂdonﬁﬂfé&@ﬁﬁtiﬂg\ﬂkih%ﬁétgwws in the

erre tion 1s NG nethylarginine an
manni t ol .

WO 2004/,0 22.P / .
ek o USSR SR80 RGeS LbAORBA )
nol ecul e_which fuses the anti-oxidant. properties a{nd .
¢ b donst IngRiIor PR AR BRAUBI B SSREpITS AT OeEra Aafl BeaClive nitrogen
reactive oxygen and reactive nitrogen species. [0023
| nspenies pird? edirastly inthbits the mactivenepeaiss s d3oinciepses piteselilar
invention is

glutathione.

[0018] In a preferred embodiment, the anti-oxidant is tocopherol succinate or
a scavenger of the hydroxyl radical. Preferably, the hydroxyl radical scavenger is

mannitol.

[0019] In another preferred embodiment, the second agent is a glutathione
precursor or an inhibitor of nitric oxide. Preferably, the glutathione precursor is 2-

oxo-thiazolidine. Preferably, the nitric oxide inhibitor is NC-methylarginine.

[0020] A particularly preferred combination is 2-oxo-thiazolidine and

tocopherol succinate.

[0021] Another particularly preferred combination is NY methylarginine and

mannitol.



used during the isolation and culturing of intact

liver. In another preferred enbodinent, the nethod of
woheoqpmerent invention is used for the isol ati eaTase003/023869

culturing of primary hepatotytes. In another preferred

enbodi nent, the nethod of the present invention is

used for the isolation and culturing of liver slice

cul tures. [0024] The present invention also pr owufes )

met h§#022] or Awsthey prefestddespahadipensProvigeste fusion svleculgypich fuses

termfunction to screen conpounds for long term

t ehe Mikitoxicunt pRertids agd devehajpnehinhibBocof dnapges thahgenerate

function is greater than three days, nore preferably

IrERLR oiﬁ%ﬂ ahd Ye%cﬁ'@é’ﬁxtrogéﬂ dpecig®re preferably at |east

one week,”"even nore preferably at |east two weeks,

and stil I nore preferably at | east one nonth. [0025

The [0023%nt T pneprefeoredanthodineny; the meghadimd dize prgpen gyvaption is

t he hepatocytes w th inproved long termfunction to

S @E&E&um%nda thatadiofl b sultuaingeif édtadtdiver. elatanbtheepreferred

[ 0026] he present invention also provides nethods

f the mBaRAP e (f8sewt fnfterh a0 vEsd foP B it Htivon and
%%né)?lﬁfg%@ﬁt ntﬁimlgl oarti fllgrl Sg nl \e/er dleV| ce. [0627] The

ﬁ%gg&%‘t&/i’ é)\éenrf Wy?xﬁpfﬁéégesp g\é*x&ﬁér fcﬁ%ﬁ%ﬁfb@ﬁm&&'t NG ﬁl@ﬁlod of the

roved | ong erm unction for the
production of  prot I udi ose ..end
A A e A
growth factor (HGF) WD 2004/ 011622 PCT/ US2003/ 023869

8 [0Ggedar™h eﬂféﬁ?és%ﬂtt 1n'véﬁfﬁ)ﬂta'1&rbr6{u§@s REMYESRS ub@E fedspatocytes
for using the hepatocytes wth inproved Iong term

0 L8 TR A e
kg%gg t@‘lﬁ‘ﬂ%i](&grl‘esn\(‘})m i de&y@&ugé)}?fgl 1{5%15@@1 E}Wgtt]t’n‘gﬁ dayg, more

cryopreservation of hepat ocyt es. BRI EF DESCRI PTI ON OF
ThiEcfoRAlY gieger than five days, still more preferably at least one week, even more

preferably at least two weeks, and still more preferably at least one month.

[0025] The present invention also provides methods for using the hepatocytes

with improved long term function to screen candidate drugs targeted to treat liver.

[0026]  The present invention also provides methods for using the hepatocytes

with improved long term function in a bioartificial liver device.

[0027] The present invention also provides methods for using the hepatocytes
with improved long term function for the production of proteins, including those

endogenously expressed in hepatocytes such as TNF-c and hepatocyte growth factor

(HGF).



[0030] Figure 1 depicts the CYP 1Al induction

mechani sm [0031] Figure 2 is a table describing the
worcehiani@m of redox control for various treat FRETIUS2003/023869

[0032] Figure 3 is a graph showi ng the fold induction

of urea synthesis in hepatocytes treated with a

vari ety of conmpounds, conpared to an untreated control

group. [0033] Figure 4 is a graph showing the fold

i ndufo28h oThapteserit inwetewelsopravides megtkads gt wsing the hepajocytes

with a variety of conpounds, conpared to an untreated

CQfthiRbrovel ey tefrd @ddliofrirgihe debelopment of apbll stiowe npdehes

fold induction of inducible CYP 1A1 activity in

h AOCyt with a variety of conpounds,

cgﬁggﬁgﬁzﬁglggﬁﬁﬁﬁgeated control group. [0035] Figure

6 is a graph show ng basal CYP 1Al activity in

hepa{@29] es The peatednvdntibn alsv provedes nadthedsrfpowsiagsthe hepatocytes

conpared to an untreated control group. WO 2004/011622

P@Wh%%%ﬁ@@r%&@ﬁn f&hdii0R 36 cridgeneevatios bdhepatodpést er n

blot for CYP 1Al in 3-MC treated hepatocytes. [0037]

Figure 8 shows the results of treating rat prinmary

hepatocytes with a variety of agents. DETAILED

DESCRI PTI ON OF THE | NVENTI ON [ 0038] The present

| nvent | t ermt primary

hepa %e@%ﬁ%ﬁ??ﬁgﬂfﬁg%\ggg?gcyt es in the presence
of an anti-oxidant(s) as well as a second agent,

wher ¢4gB0] he BBaeONdepigtnhe CYN( A1 mdbetiun meshahisimhi bi t or
of an enzyne that generates reactive oxygen and

reacti ve nitrogen species, or. (2) an_ agent thc?t
[0031] TFigure 2 is a table describing the mechanism of redox control for

various treatments.

[0032] Figure 3 is a graph showing the fold induction of urea synthesis in
hepatocytes treated with a variety of compounds, compared to an untreated control
group.

[0033] Figure 4 is a graph showing the fold induction of albumin secretion in
hepatocytes treated with a variety of compounds, compared to an untreated control
group.

[0034] Figure 5 is a graph showing the fold induction of inducible CYP 1A1
activity in hepatocytes treated with a variety of compounds, compared to an untreated
control group.

[0035] Figure 6 is a graph showing basal CYP 1A1 activity in hepatocytes

treated with a variety of compounds, compared to an untreated control group.



directly inhibits the reactive species, or (3) an
agent that increases intracellular glutathione. The
woepatootes of such cul tures display functi onpPEos2003/023869

periods of tinme greater than four days and/or

viability that is greater than one week. One preferred

enbodi nent provides a conbi nation of

2-oxo-thiazolidine and tocopherol succinate. t he

pr ef OBEH eHigot Trehwwspr Wetaasblat fon PPNk T B13-HC treated

NG net hyl argi nine and mannitol. [0039] The

hegpatoegieses cul tured by the present nethod display

| ong-term function. Such a long-termfunction is

defined as displaying at | east_one w

di f f K087 i aFieyre 3iprawsdhe gyl %fstff‘@;t)fl%efl’ir%‘ﬁ PheRpiopales with a

expression (sonetinmes EROD activity) xenobiotics

medrédopbf sgentset c. and/ or structures such as

fenestrations, bile -canniculi, binucleation, etc. for

at | east three days. Preferably, the hepatocytes

denonstrate EROD activity. More preferably, nultiple

functions and structures. Preferably, the function(s)
ﬂﬁﬂbaEE§CRWT@ beeste INVENIEYS nore preferably

t east WD 2004/011622 PCT/ US2003/ 023869 10 one

week, still nore preferably at |east two weeks, even

mor e [(9138] er Abk presentlieestion grovisey snethads thas Permit BHERED| v

at | east three weeks and still nore preferably at

| &sdtocyRd byt thElepatoaytes ipthefresahte/ofan dntasidB(s) as well as

days, yet nore preferably, at |east two nonths.

Vi $kRiliiab¥nt ﬁh&%ﬁ{ & 3Rlo¥d q?érﬁ‘iﬂl')‘ﬁ‘ﬂurﬂ:hohﬁaﬁﬁlbﬁ@%ﬂuﬁezhzyme
nore pre era y at | east weeks yet nor e

pr.eferably at |ea I
fhalt g?aréelratgﬁ ﬁa%t(levev\% ély\grhdgﬁg(t& “?‘?%emﬁr er a % %? i it
| east . one. nont et nor.e er abl | ea
e 50 Bje FoRNGsBguh 1 ﬁ%ﬂﬁ% i %lﬁs%svm&%“‘ﬂaf
fusion nmol ecules, in which the antl-OX|dant and.the
so(ghgattjloageﬁ?e hﬁ}@t%y@i@ﬁﬁuqltﬁlﬂqﬂ@stélawglyifw@lﬂlﬂ: ar Ié‘fr?@&ﬁ time
idative stress is known to contribute or |ea 0 a
V @fdagdrthaof fodi 8@ a@d/or viability that is greater than one week. One preferred

embodiment provides a combination of 2-oxo-thiazolidine and tocopherol succinate.
Another preferred embodiment provides a combination of N€methylarginine and

mannitol.

[0039] The hepatocytes cultured by the present method display long-term
function. Such a long-term function is defined as displaying at least one wild type
differentiated function such as cytochrome P450 gene expression (sometimes EROD
activity) xenobiotics metabolism, etc. and/or structures such as fenestrations, bile
canniculi, binucleation, etc. for at least three days. Preferably, the hepatocytes
demonstrate EROD activity. More preferably, multiple functions and structures.

Preferably, the function(s) are displayed for at least five days, more preferably at least



For a review of diseases and di sease conditions
associated with oxidative stress, see Drugs of the
wéuabaroeje2rol . 13 (10), p. 973 (1988) and Ml ecetausamd023869
Cellular Biochenmistry, vol1o 84, p. 199 (1988). [0042]
Reactive oxygen species and reactive nitrogen species

are well known in the art. For exanple, reactive

oxygen species include but are not limted to

soteevezki sl 1H62) prefeyablpatylbast OH) weglss ovep meR@Epgierah]asgast 16
(RO, and hydroperoxyl (HO2) groups. Reactive

Nddyk O@e ﬁmi@ﬁfé'feﬁﬁblmocleuﬁeh@el tweaksandatilllmonetpeefetably at least one
ni trogen oxide (NO and nitrogen dioxide (NQ2).

X! ae. : _
EIglglét@]a [Bsgg %n(f‘?%(h%?ég%@ly AHRGL50aY S yRERYRIESTetdRE at least two

prevent oOxi'dative damage to

S\éllp%lt?lﬁ.n %‘fﬁhgﬁ@ :pﬁegt\al\fgblszhrg%g&%eh%? }fjaQB)Lntg %%k,crﬁ&terpfi%frenﬁithgy dat least

) |n_clue t are not 11
to tocopherol succinate; mannitol, which Scavgggﬁfyatbam

hiptr Wes)ks ¥ed eaar preferplly|ab jpast fiiostreky 2pd Ygiore pr
peroxynitrite and superoxi de anion; NOHA, which
gehneera¢aks and still mooxprgéerabiy e0lpastwhe s1enits Hplneks preferably at least
i nduci ble nitric oxide synthase; n-acetyl cysteine,

Wi chohther eases i ntracel | ul ar gl utathione |evels; WO
2004/ 011622 PCT/ US2003/ 023869 11 PDTC, which

scavenges hydroxyl radi cal and super.oxi de anion;. a dhth
ol ucBEAT ne The prespms imsatiomplso Biavitien o Bolsguisiiiaiich the
succinate and mannitol. [0044] In addition to the
amti-oxidantant] the $esomt egsahareipresent indie spelésileor a
second agent, which can be a functional inhibitor of

an e t hat . gener at es, reactive, . P

nitr E@éﬁs pg)é‘?dé’g,v © Biress A ket totcﬁﬁ%mb F%%g%dstggn\{m %litds:f seases.
the reactive species, or an agent that .ingreases

| Hor s baisen sndiissaes CEORST SepEalsd e ALy SU5H soe
inmportant role in protecting cellular systens from
oiragtdfitke Batoeg sol. GB (1At pi VAE1988) and Madsaulariang GsEplar de

that the body conjugates to xenobiotics (foreign
C IRgEEneRkstryOvolc 8030 unels)os8n render the xenobiotic nore

[0042] Reactive oxygen species and reactive nitrogen species are well known
in the art. For example, reactive oxygen species include but are not limited to
superoxide (O,), hydroxyl (OH); peroxyl ROy), alkox\yl (RO), and hydroperoxyl
(HO,) groups. Reactive nitrogen species include but are not limited to nitrogen oxide

(NO) and nitrogen dioxide (NOy).

[0043]  Anti-oxidants function to scavenge free radicals and thereby prevent
oxidative damage to cells. Treatments which function in redox control are well known
in the art and include but are not limited to tocopherol succinate; mannitol, which
scavenges hydroxy radicals; ebselen, which scavenges peroxynitrite and superoxide
anion; NOHA, which generates nitric oxide; 1400W, which inhibits inducible nitric

oxide synthase; n-acetyl cysteine, which increases intracellular glutathione levels;



hydrophilic, thus pronoting their excretion fromthe
body. The synthesis of gl utathione involves a
woOwrm4gtiep2r eaction, with the first being catal peeaskon3/023869
gamma- gl ut anyl cyst ei ne synitthet ase. d ut at hi one
synt het ase catal yzes the second reaction. Thus, as
used herein, the phrases "increase in intracellul ar
gl utat hi one" or "elevation in intracellular .
gPDTE! whishetavengésrysiered radicahanthsuproxie Anign; 2 glucosamine.
tripeptide itself, as well as the enzynes responsible
f Prefdrted agyixidmissaranetopherplayatingta and meanivdli ot i cs.
Cysteine is an inportant amno acid and is the rate
limting substrate in the synthesis of .gl ut.athion
Howel0Ad1 wradsaTiPdhe RO Frosgy R AN SI g5g for &
cytoxic. Cysteine prodrugs have been denonstrated to )
beecofid egeni, wehitimcapr ot @fmictienat sthiitosof aw grzyEesthpt gspprates reactive
various forns of stress. For these agents to be .
ebf @eh iaM@ rddctivenibegessprties, dran agére tiprt ditecily inbibiite the reactive
cl eaved either by enzymatic or non-enzymatic neans.

8ies G ShSeBR: thit ih&bRRS Blractiluldfusitatdeorgonver ted into
gl'utathione™to denonstrate a therapeutic effect.
[ 0046] One class of conpounds which function as
cyst §)048] pr Glutagpsorieplaysinamppitait pele A protasting celldar systems from
(Cancer, Chenot herapy and Phar macol ogy, Vol. 28, p. WO
2 00uhWel 8222 R TR L2 3R6A yid@pdpfiide (10 8i) basiydtonjughtes to
Gerontol ogy and Geriatrics, vol. 1, p. 299 (1982)).

F i oh BEerbiS8ls Of c6BpdRdE) to render the xenobiotic more
?é%qéﬁ«%@?ﬁ{oeﬁgt hll?eazol isdi ﬁe-g- ca@boxyl ic acids as

YRS RLOlRink P QoS! 3L Bt of

oﬁ¥%?p@ﬁcﬂgP%P%@%ﬁugEhﬁgggéﬁgﬁﬁggnEeen ?}epor?%d.

However, none of the substjtue fined by ;the )

" GheH Biobe TTRDP £ ORIAA TG 8An b e LS By A% by gamma

scavenging properties to the reference 2-substituted- .

t lglwaroylcwteine aynshethsx WHlntthienesyabisinseifrialyzesi the pegepg reaction.

U S. Pat. No. 4,868,114 discloses a nethod of 3 ‘

S tTihisl 28 ik étbhdrbia, the phymseténdrsasefin gituretilargietathfone” or “elevation

manmal i an cells by contacting the cells with an

efif ffbbMf A BHAhiGle ¢emtaidad to Byt b gRitphiode ugseptidaiself, as
well as the enzymes responsible for its synthesis and conjugation to xenobiotics.
Cysteine is an important amino acid and is the rate limiting substrate in the synthesis
of glutathione. However, when administered directly, cysteine can be cytoxic.
Cysteine prodrugs have been demonstrated to be effective in protecting cellular
systems from various forms of stress. For these agents to be effective it is necessary

for the prodrug to be cleaved either by enzymatic or non-enzymatic means. Once

cysteine is released, it must be converted into glutathione to demonstrate a therapeutic

effect.

[0046] One class of compounds which function as cysteine prodrugs is

thiazolidine-4-carboxylates. (Cancer, Chemotherapy and Pharmacology, Vol. 28, p.



U S. Pat. No. 4,952,596 discloses N-acyl derivatives

of thiazolidine-4-carboxylic acid conpounds which
woassass2ant i pyretic, anti-inflammatory, nucol pCrasand/023869

anal gesic activity in addif2ion to activity in the

treatnment of ischem c pathol ogies and in pathol ogi es

caused by the overproduction of oxidant radicals. U S

Patent No. 5, 846,988 discloses fusiqgn, co i fh

A5 e309 cpoilcinh. Gerenislagy 98 Geramop ldl Po BB ot

t hi azol i di ne-4-carboxyl ate portion for use as .
caraaplatisctsewd ceein Rssubftowdithiazqlidiieet-caos icorrddsagénsteine
is NG nethylarginine, which inhibits nitric oxide.

[ s ADRI-DRAMBHAE T def)iree®o besed gL Odtarhets in mammals has been
Zggéﬁkthiazolidine, which 1s a cysteine-prodrug that

L}r'ég&tté 9 nBhe! Bf’{hg OB RAR IR by MeGefedindalintpartshe

sen I'nverdition al so provides for preferred second
agents. which functjon to.incr [ ) - ;
ot beted AR ARy PR o P s gce S Blngtpige
The liver is remarkable in its ability. t rge i
<prasalidioe 4-csroaae Comsepe Serlah Vst ERy o «het 119
functions are the cytochrome P450 enzynes, which ,
edistlosesa mbhni of stymuletingtic bjosambesinobglytathiencgmupmaln cells
toxi ¢ substances. The |iver WO 2004/011622

P6Y £&2200:3/ 182 38B9itH 8n effgtivameutthd sertain Iy oyseeityyprodrugs, and
i nduci ng their expression after it encounters noxious

ageRtsS e N& &S®28306YdIRSoRE R-dc§Pddrivafl vésast thidzolfdifiosd ¢atboxylic acid
however, they also negatively nediate di sease states

in the context of b i kel -
SPGBl ARO o FROE e Sl
i nducti.on of the cytochrone P45 nzymes an have ..
pa¢thalydg iaéglltl% it %Cté?tfyé’& the tre/_a\ﬁngg é’ﬁ‘bslcﬁe% ptaﬁng chgﬁ%uac i'on

of the P450 enzynes when a person takes botd: %coh%
apethblogiss caussd bydhe avaspranstinged oxidant wricaln U-2<Tagnt o,

acute liver failure. _ _
5,846,988 discloses fusion compounds with an anti-oxidant phenolic portion fused to

a thiazolidine-4-carboxylate portion for use as cytoprotective agents.

[0047] A preferred second agent is N methylarginine, which inhibits nitric
oxide.

[0048]  Another preferred second agent is 2-oxo-thiazolidine, which is a

cysteine-prodrug that functions as a glutathione precursor. Accordingly, the present

invention also provides for preferred second agents which function to increase

intracellular glutathione, including glutathione precursors.
[0049] The liver is remarkable in its ability to purge a wide spread of
toxicants.

[0050] Critical to liver functions are the cytochrome P450 enzymes, which

employ a chemistry to modify and catalyze clearance of toxic substances. The liver



[ 0051] Using our culture procedure, long termeffects

of drug candidates could be nonitored. Currently,
wouno@/oiian 140, 000 drug candi dates are brought PCTUS2008/023869

vitro testing every year, bgt very few make it to the

mar ket. The failure of |lead conpounds is |argely due

to unpredicted toxicity and | ack of efficacy over

extended periods of tine. A cell culture nodel that,

reqdatesithes enzyines baindpcing théivexpressiopGiterd §BFQUDEHS DRHPF

greatly enhance and streanline candidate testing of

Righk] Mehetlé e1B5mek QRB{uiTdiefor atarsavddal miasdwor,fthey also negatively

cul turing hepatocytes is also useful in using such

hepake gli\{geg& S dleBinRhO8SHid: lof baid EtBbinstedHs ©F middiges used to

Liver sease Is a promnent health problemin the

Uni t ed. St at.es, . one. of

JBd AL BTy e PRk £ O AR i vy
patients suffering fromacute or end-stage |

cho8 dke DRBOloBICHL TR BiEFtS viF Cramie i ik Pftign Obee P4s0 enzymes

exacerbate the situation, there are nearly four tfines 1
asheremperpert faker both Alepholsad larendoses plasetamingphegogich cpip result
donate them This situation leads to nore than half

o abie 1p@t fa&ltss not receiving a needed liver. Due to
expected increases in the incidence of hepatitis C

infection, for which currentl there i.s _no.vaccine

of 1 OSEL ( VEmERR Pul T R BBHS A9RE GTh FURPHOhE e cidttes
liver disease is estimated to triple by 2010. A BAL . .
denrild be prEmithredu Sadrently, paere élmlsl4@m9§ &ryg Gapdidates jeq brgpeht into in
is conprom sed, nuch as dialysis is used for patients
svitdoaedting cfegnyeki, dneyer\\@v2 60ké (116 BRI EETY. due 28 86d

14 failure. The market for an efficient bioartificial

X i O8roefy @INEGhBRdIcRAItoERRER] lagk féffigadynovehextended
ngaﬁﬁ%glgggﬂgrg%ﬁi sis Igr gely dueﬁ?o an increase in

R 5 R s o

use uction of proteins for

t her api es d for research,. includin h [
oronsigen begrs b BB ot s eSO SRS cres
hepat ocyte growt h factor (HG).

[0052] The improved method for culturing hepatocytes is also useful in using

such hepatocytes in a bioartificial liver device (BAL). Liver disease is a prominent
health problem in the United States, one of the ten most common causes of death.
The current standard of care treatment for patients suffering from acute or end-stage
liver disease is to undergo liver transplantation. To exacerbate the situation, there are
nearly four times as many patients that need donor livers than donors to donate them.
This situation leads to more than half of all patients not receiving a needed liver. Due
to expected increases in the incidence of hepatitis C infection, for which currently
there is no vaccine or effective treatment, the need for a treatment for liver disease is
estimated to triple by 2010. A BAL device can be used on patients whose liver

function is compromised, much as dialysis is used for patients suffering from kidney



[ 0054] The hepatocytes can be used in a cul ture nodel
of hepatitis B or hepatitis C, which does not
wouormnid2y exi st. I ndeed, such a primary hepat BCyU82003/023869
culture should be able to1assay for viral hepatitis
infection and replication. Industrial and academc
scientists have been struggling for many years to
develop in vitro nodels of viral hepatitis. This in
viiatlus. ndte magket fieqrnt 4ffipignteartfieiakliver dayige ki e@qg)ected to increase
throughput screening of anti-viral agents as well as.
gesatly i the géneecddeg Tafs it kegdipdue wednl ingreasstin dgpathisdafections
def ense nmechani sns. [ 0055] These cul tured hepatocytes
cabn@ls@. be used in hepatocyte cryopreservation.
Human hepat ocyte availability is presently
unpredi ctable. Thus, effective cryopreservation .
t echi¥0§3le wHepategyiesraas aksp b apest for dedirpdiycsion p8 PteiRgfor
Currently, hepatocytes are shipped either plated on
pihasibies afd féresatvheinetudny tas prodectioneofchepatotytéwolated pirofeins
a vial but have presently yielded nostly disappointing
r I ' t t S(HGF)epat ocyt es shoul d
ag\e}%lﬂgg ? WE%‘%%‘T@?@%%? ggﬁgdptf%tgr(m f u)ﬂct i on and
viability. Assays for hepatocyte function [0056] An
assap0slj chTabasmedogtdszes b hedfinactltae noddehepheratiiis é@r
can be used to determne the long termfunction of

t fggpaﬁfié RGhidheRRE asvdueRntl PeaaY Inded, 306h 2001MY heghtocyte culture
PCT/ US2003/ 023869 15 hepat ocyte functions are wel |

Koo, 4.0 il o8 Snd'Riplitatnt @Adisial and
a@&%@%b?%@Qg%g%%X?@qgﬁnﬁﬁg%%Hgg%gagﬁ%yﬁ@é, neasurﬁnélan
proteins and c ounds expressed by hepa es, .
G5 S80S BIFSYER Tty Geneso RS iR Fhodels of
hepat ocytes. [0057] Assays _for hepatocyte engz ar.e

k Misairhepatitish elhig tn vitkogaedsd of Bepaiifls iopld f?ﬂgr%éfvggﬁﬁrgughpm

nmet abol i zi ng enzynmes such as CYP 1Al, aconitase, and
otdre¢ning of anti-viral agents as well as genetic engineering of the host cell to study

host defense mechanisms.

[0055] These cultured hepatocytes can also be used in hepatocyte
cryopreservation. Human hepatocyte availability is presently unpredictable. Thus,
effective cryopreservation technique will aid researchers and clinicians alike.
Currently, hepafocytes are shipped either plated on plastic or they are cryopreserved
and sent frozen in a vial but have presently yielded mostly disappointing results. This
present cultures of hepatocytes should avoid the problems of short-term function and
viability.

Assays for hepatocyte function

[0056] Any assay which characterizes the function of hepatocytes can be used

to determine the long term function of the primary hepatocytes. Assays for



cytochromes. A preferred hepatocyte enzyne is CYP 1Al,
i ncl udi ng both basal activity as well as inducible

wacbtiqoiieg2z Assays for CYP 1Al are described foPCEXNSRBO23869

r, in Pierce et al., 1996.15As used herein, EROD is
et hoxyresorufin O deethylase activity, which is also
known as p450 CYP 1Al1, an inportant drug netaboli zing

enzyne, and is a marker of general dru netabol.ang
aleepiatacyte fupctims geg yelh Kpew by e art apg inelyfe b are;nod :‘IHHTS to
cytochronme C (Clenenti et al., 1996), and cytochrone
Pagha foi sapwiyes hspatbeyis eiynB6, IRGsUrifg progeing anghgpmpounds
cytochronme P-450c (I Al). [0058] Proteins and conpounds

eXRIreRe€By RypeRalspant msasufing exjgedsivn laves abgenes exgresed in
to urea, albumn secretion, and CYP 1Al. For exanple,

t tion of albumn is characteristic of full
dﬁ@g&%etgi ated hepat ocytes. Al bum n secretion can bg
measured using well known standard ELI SA assays, for
exanfl057hs desaysiftetphtocytBenzyness aat knovii9puthe eyte lepatocyte
synthesis can be neasured by detecting the conversion

OfnzyiR3ndIRdd Mde RReMRIizindeng@ney subleds CWPHAVE etoniese, and other
al.,” 1960. O her proteins expressed in hepatocytes

i[ g%‘éé%%&&\FAa%ﬁ@%ﬁH ﬁQ@J{ % &Zgﬁl‘a\{\g bmﬂﬁn&lﬁﬁé both basal

Redgd) nes are expresSed 1 n hepatocytes

include transcription factors _t '
oA AR A6, ey BT ] FRRRRSIEN o xampie
Exanpl es jnclude, HNF-4, HNF-3, C’EBPa ang G EBP(3. .
TiePiexgsres 8k k1901 & gped l@rellﬁ»rfe%,‘égdé Ribexyresgru %Bdgﬁﬁgﬁyfaéa activity,
usi ng assays well known in the art, including Northern -
bwditidhi is @lsb dnd®n 26 P45 Q CYEIA RaT/isenos dor3segbolizgng enzyme, and

-measure nRNA | evels, quantitative rt PCR and Western

blisd tlafl@r bbgéRad die: Meabelizing daiwil $n pHispet leepptoeytes.
culture systens [0060] The present invention can use

AR BRFRQGHERE Y theHrBme Y588 et 1@, 1996), and cytochrome P-450

isozymes such as P-450 PB-4 (IIB1) and cytochrome P-450c (IA1).

[0058] Proteins and compounds expressed by hepatocytes include but are not
limited to urea, albumin secretion, and CYP 1A1. For example, the secretion of
albumin is characteristic; of fully differentiated hepatocytes. Albumin secretion can be
measured using well known standard ELISA assays, for example as described in
Dunn et al., 1991. Urea synthesis can be measured by detecting the conversion of
urea to indophenol, as described in Fawcett et al., 1960. Other proteins expressed in

hepatocytes include TNF-o. and hepatocyte growth factor (HGE).

[0059] Genes which are expressed in hepatocytes include transcription factors
that are responsible for inducing transcription of liver specific genes. Examples
include, HNF-4, HNF-3, C-EBPa. and C-EBPf. The expression Ievels of these genes

can be detected using assays well known in the art, including Northern blotting to



are well known in the art. Preferred hepatocyte

culture systens include primary hepatocyte cul tures,
woepaoooete cell lines, liver slice cultures, aQw@US2003/023869

expl anted cultures of whol® [ivers. [0061] Any source

of hepatocytes can be used. Hepatocytes to be

subjected to the primary culture may be any cells

constituting the liver of a mammal, and such «cells

anguste BNl alegels fquentitaties itiP&; and Wasteam blpging t TReasure protein

met hod known in the art. The I|iver donor for

gbtaé.ni ng hepatocytes is preferably a normal or

transgeni c ani mal donor of either the nmanmmalian or

rodent species, nore preferably of equine, canine,

Jdersitanete @NIURRSYSSISur | ne speci es. [0062] For certain

applications such as a bloart|f|C|aI liver device, a

por CfO@EO]hg(n)gﬁg %ﬂessenm Q/r%ﬁmrl c}é.nms H%J ﬁscyQLtealthRe stygﬁm which

ease er ani ma lver or gans,

rene By s ey it Bl TiebdRy it SoRit e prmar

as a source for I|ver or gans. _Q her mal i a C

i Ireplatod Ve gukneahepateayta celd lings, lisgslicy 53@@?8» AR 92&@ %‘f cultures
enbodi nent of the invention, the hepatocytes are

| ofcdwieadel livernsiepat ocyt es may be induced in vi vo before

they are isoI ated fromthe animal's |iver,

vitro, ter isolati n of the hepat ocy 4

I ndu&oﬁi]n i ﬁn%SQ‘HC?Q W@P@V@BFVG%&SF@T %@EMBL}QIQS to]be subjected to
adm nistering at |east one induction agept to

atthie peiimedy peliture inzaydieraag cellngaasiuBpg the Livee o H@Hg%aﬂeaéﬁsu"h
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i edilsape bé isotead frym the livertof amasioal & 4 yethodmpwn in the art. The

i nduction agents may al so be adm nistered to a donor

Uﬁbé}g‘loﬁlnhﬁﬁ ob@iih%hépéﬁdéyﬁs iopradelably b hamsaler oahdgenicanimal
by inhal ation e or nore iInduction agents nay be

685';50'} 8% Eﬁﬁ%qh@{na&%htah BErddlnt 2 85&19§ Ifore PRIG-aBIy HFEQHInG, canine,

ime as separated ses of different

[ nductl on agents. The
porcme ovine, 0r murine spemes

[0062] For certain applications such as a bioartificial liver device, a porcine
donor is presently preferable. Due to the ease of handling smaller animals and liver
organs, pigs between about 5 kg to about 20 kg are used, preferably about 8 kg, but

any size donor may be used as a source for liver organs. Other mammalian sources
including humans can also be used.
[0063] In another embodiment of the invention, the hepatocytes are induced.

Hepatocytes may be induced in vivo, before they are isolated from the animal’s liver,

or in vitro, after isolation of the hepatocytes.

[0064] Induction in vivo is preferably performed by administering at least one

induction agent to an animal donor via direct injection to the bloodstream,



donor may be dosed with a conbination of two or nore
i nduction agents to upregulate certain desired
wdetmwifdzezat i on enzynes to crate a hepatocyte earsSem®3/023869
having a . custom zed enzyndel7activity profile. The
dosi ng of the induction agent may be admnistered in
a single day or over a period of tine, such as over a
nunber of hours or days, before isolating. the
Hepameasié(yneéﬂy;fqronﬁram@ca%ﬂ&thwqyé% indugHop ﬁ%ﬁ‘rgP& may alsphe
i nducti on agents such as phenobarbital are relatively
uBtiaisteeedol edanoessing bider routes euch asroreldy, dragedesmaln @r by
are, therefore, nore effective if provided at multiple

| iAh ALY SOndPbi MbreiDdURtios UpéMigmah Be adgatistertiat amotime irod single
the i nduction agent in the dose depends on (1) the

(%E O bog o H P tinRIS @% é&é@g@seg 3? diffRfert BRIICESN agein?e The

sex of onor, e m) e of administration
duct
AN g& i fohin e
agent is adm ni stered over serl es of dos

depstaijedasired ﬁate@tfica%onaﬁwmveﬁts 2 hepatocyig éuﬁ?fe élﬁ‘“PF 4 n

the art would be able to successfully determ ne how

t cushmmizedibretymet dog sidy podiles glhsadosingtad the inductipnagentmgay be
obtain in vivo i nduced hepatocyte cultures for -use in

t h@nimtdied m Ofinglbelay pr eseatpetiod ehtiineysuch @9 684r aAmymber of hours
i nduction agent that is known in the art may be used.

! Bp&’aé/g 'l%fore%lﬁﬁng‘fﬁ@ﬂ@pa% R4eRkn thadonbSlirPEbE & a@iple, some

i ncreasi ng or upregul ati ng hepat ocyte cell functions,
partlcul ar | 0 V. lecules aft
gtion %ggpys OSHE]h oK a?l%%lgé% a[l aﬂ: I% aYl% }’Mgﬁ%ble m% e%ur est ah er

conjugatlve reactlon i nvol ved i eto i fi
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i mproves other hepatocyte cell functions d

2p0ay 10 pre2eingdR Usan0Ehozsewy of thy lnﬁl&,qt@auaﬁ@“ﬁ%f%i&s? gepends

functions such as ammmoni a cl earance and synthetic

f bA¢h)ithemdustiehagent o dgants nsah R)tthaspscissy size, prbsicafitemdonor,

[0066] Induction agents are selected fromthe group

| 09 tHOidele BEhdMstration b4l least one induction agent, and (4) the frequency
of dose administration. Typically, when the induction agent is administered over a
series of doses, the dosage of induction agent may be less. One of skill in the art
would be able to successfully determine how to manipulate these dosing parameters in

order to obtain in vivo induced hepatocyte cultures for use in the methods of the

present invention.

[0065] Any induction agent that is known in the art may be used. Induction
agent means an agent that is capable of increasing or upregulating hepatocyte cell
functions, particularly those enzymes involved with detoxification, particularly
cytochrome P450 or the conjugative reactions involved in detoxification. Itis also

useful if the induction agent maintains or improves other hepatocyte cell functions



to: beta-napthoflavone (BNF), phenobarbital,

3-net hychol ant hrene (3MC), ethanol, dexanethasone,
weanoeivion2 1254, 2, 3,7, 8-tetrachl or odi benzo- p- dpPaxius2003/023869

phenot hi azi ne, chl or promazi8ne, i sosafol e,

gamma- chl ordane, allylisopropyl acetam de (Al A), trans-

stil bene oxi de, kepone, acetone, isoniazid, pyridine,

pyrazol e, 4-nethyl pyrazaole, pregneol one : i )

1echidingametabdlisrfiunetidng syehaammenif sleAwBes aidsyathedy functions

clotrimzole, clofirate, clobuzarit,

dsucR-ae hbyhtie ayd yrpdstdreh praduC@iEHP) , or nono-

(20et hyhexyl ) pht hal ate (MEHP). Particularly preferred

i nduction agents are 3- nethyl chol ant hr ene . o

bt AR hol s REALCERTEe SleHiPL R SRBFBEE Jicluding but not imited

met hyl chol anthrene is the nost preferred inducin

age heta-raphefipvaed BHF) riheaohasbital 1 3-Bisthyghplenthrang (%Iglq}sf‘é‘aan"l’

in vivo to upregulate the enzymatic activity of the

hépahetkese, prachlor 254, &3, 38 tetrachlaredibeyize-1i-diguiy, phgnothiazine,

agent may be admnistered to a donor one or nore

t LB réthhAhe, iQshdR), hmAA-chldidaiel bioylisag@pyRcdtyidel(@IA), trans-

conbined, neaning as a m xture or a cocktail at the

S [ r v

i Pele. s, Repdi! dlcnk, 1o BRRAL A RERAPRAENE Bty lpyrazole.

profile of target. en The.,amunt .of ~i,pduct i

Cesneden L HobeFrrobRE B SEe L AGn AR o B TG ElgRazole.

i nduce the hepatocytes to increase their functiona

nelofifie. clotweesity 13- ehtythexybphtagate\PEEEY, QIgneRe-| et hal to

the liver organ or the donor. The tine that the

i (2ettyhexyl)pidfeddte (NMERPy Paidulady arefemest ind Agiancgpets pesnty

enough to result in upregulation of enzymatic

d afeeryildHobatitirere, d6taintpthoflapsref (BN shdathehelambitAbBut 24

hours prior to isolation. [0068] Dosages for these

[ j AYERLS; J oL ; el € descri bed

| RIS en{’éﬁgﬁ@%@% zf%%%@n\%%&?gtgg/ 011622

PCT/ US2003/ 023869 19 [0069] If a recipient patient is

i n nE@H7df IOQnear nass insluctionezgentsimhayf g used in vivaite apiegwlate the

where the expression of detoxification enzyme activity

| 8n2yeMuticactil L of s Bksdtocytes prior to isolation. A single induction agent may

be administered to a donor one or more times prior to isolation. Induction agents may
be combined, meaning as a mixture or a cocktail at the same time, or serially,
meaning separately at different times, when administered to upregulate a profile of
target enzymes. The amount of induction agent contained in the dose should be
enough to induce the hepatocytes to increase their functional metabolic activity but
not so much as to be lethal to the liver organ or the donor. The time that the induction
agent is provided to a donor should be long enough to result in upregulation of

enzymatic detoxification activity, preferably at least about 24 hours prior to isolation.

[0068] Dosages for these inducing agents and additional agents are described

in U.S. Patent No. 6,394,812.



devi ce may be prepared using a m xture of cel
i solates having a profile of hepatocytes with a

wounda i@k enzynme activities upregul ated to achCeEWS2008823869
greatest range of detoxifil®ation activity and provide
a tailor-made culture for treatnment of acute failure.
[0070] For isolation of primary hepatocytes, any
met hod known in the art can be used. A preferred
met H0069]s tlfie recipienstpefiens ds inatge 85 Bverassisir RIS SPIAT on
met hod. [0071] For exanple after the induction stage,
hegiaitRsyWse darexpeession bhdadxifisativg ezymd iattidtt is dew.of Liver assist
t he Segl en hepat ocyte isolation nethod, as descri bed

' Bofed REPRRRLAILIREIiS0AES RN prlofiest
d%v Clg‘%&ﬁye&l\?er I?w%ls |n§g)CeII Bi ol og§ (DM é’rggigott ed.)

ﬁlgpatocr:]}%'esr@ﬁﬁ(A%%%e 5@&& I\iltu;{s llepJeéLﬁZt@d to m&%@gﬁﬁkest

ani ma nest et| z opened and t

d | d f
et B0 SR AR i

rinse bl ood and excess induction agent fromthe |iver
tdacytsfeilurthe excised liver is transported to a
bi ol ogi cal safety cabi net where the remai nder of the

roc r
'FI)'h o @gﬂi]ﬁ ce?% lﬁo%atpo%{ B )'i(li?a? %c g’lﬁ tgﬁg%g\flg gpt%e art can
structure the liver is th
SR iSfn ) IR GRS e %%tgt"en%&? i tjOohpethod
C. 2 foI | owed by perfusion of 1 ng/m coll agenase at
00‘7'1‘} el eﬁﬁﬁble%te@ﬁﬁQ%&tloﬁ@g?E SlePatobPaddican be isolated

t|ont|rrE|saout 22 mnute Furt her digestion
|s then 0 h
it B terpoaf i Salh @i, SR hn AR Al Sibedin
serum _Digestion of_liver trix.r
cglera§f? Srapasation ofiseld pal e il e ReS Fucd) @18?0@ (DM
suspensi on of cells. Undigested tissue and aII adde
aPresac edelol. AhdAeademictrass@eY, DofY.h A&7 Q,ll%fé)&léof?@ the

t hrough 200 m cron and 100 m cron stainless WO

2804107k b6 22hAZTd, UP2RAB AR 88 G poRd liveeis|casiwated andperfused in

rel ease cells and cell aggregates. The cell suspension

| SRk @61dt1¥t8ed Ringers solution before excision to rinse blood and excess
induction agent from the liver tissue. The excised liver is transported to a biological
safety cabinet where the remainder of the procedure may be performed under aseptic
conditions. The extracellular matrix that provides the physical structure of the liver is
then digested by quickly perusing the organ with warmed EDTA, preferably at 37° C.,
followed by perfusion of 1 mg/ml collagenase at 37° C. until digestion appears
complete (mean digestion time is about 22 minutes). Further digestion is then stopped
with the addition of cold Hank's Balanced Salt Solution (HBSS) supplemented with
calf serum. Digestion of liver matrix releases cells and cell aggregates from the matrix

structure to create a suspension of cells. Undigested tissue and gallbladder are excised

and the remainder of the tissue is passed through 200 micron and 100 micron stainless



by centrifugation and decanting of rinse nedia and the

cell pellet resuspended in nedia preferably after the
wohooubirdizmse. At this point, cells may be cul t BRCEBASRV3/023869

culture nediumor cryopres®rved in a cryopreservation

medi um for long-termstorage for future use. [0072]

The cells are cultured as a cell suspension or plated

on a surface suitable for animal _cell or tissuye

el siewes toucleasssells and ealiraggenestss. Fhegel sugpension is washed twice

roller-bottle, which allows for hepatocyte culture

anydeatai ok etvanad. defheingel Hasomydibend teorefpeletadsuspendgd in

bi oreactor, either in suspension or plated on a

%E&iﬁ??eféﬂdjﬁﬁft df@t GheSHed riage. At itk boi g ing, cehemdy e clilitired in @rture
on a flat surface or nmenbrane. Suitable cell growth

SIZ%Q hfnag)r @ﬂesewdeH gtcgﬁ) fe%laﬂv%t1&?ﬁ1e9ﬁn9fo?%hgct@ﬁn l@@ra'ﬂgﬁ)for

b|o oglca conpat | terial whi ch the cel
c@? adhere and provi de an anchorlng nmeans for the

(Y 48& i x construct to form Materials such as
gl ass; stainless steel; polyners, including

pol ymﬁﬁrna"rﬁe celﬁ%é/ SINFERTE, 2 Gl sYi¥peyion B blitddden a surface
pol yvinylidene, polydinethylsiloxane, fluoropolymers,

aﬂ%taiar ;f?fe Lsnﬂﬁl gﬁlle(y}}ékl?@%ltﬂfeo Byd eéﬁled’ mﬁ’tﬂ% &bH, 'ffé@l@ or roller-bottle,

used SI I Ca, po ySI i con, or

sili crystals use cel l-Qar

SWP¥°§ %grhegﬁtﬁg}r% gultwe @n&mag}:t%ﬁ% Tg% g E)[ay be 1nco¥porated
bot h, the cell growth surface naterla

chiembieedaripr.teiibet BSuEEnHsEPF Plated ap) aefa%%%%%’é‘if%tﬁ Spqh as a culture
charged, or coated with biologicals such as with

ekéadan&lHent| oaon mEttat urfawe mp oreariraneo Suisade palkgrowthsubgisates on
enbodi nent, the hepatocytes are cultured either

Wishflihthe EclRNtah e gbawif emebeainydidibgicslly compatibid mhterial to which the
di sposed on the culture surface such as collagen in

teE%ls dc%ﬁ @df?ére QH&: Bﬁ;tvid'égan%cﬁolﬂﬁgl mednR foPRe A Ematrix construct to form.

epatocytes are cultured on either a

e R i Ef%lé% ﬁn&?ﬁe@%ﬁg?gfﬂb"%ﬂe

;SEBE%%%%&Q@F?EC RIGKS1 oY RaD PP s B e

PCT/ US2003/ 023869 21 _ _
fluoropolymers, and fluorinated ethylene propylene; and silicon substrates, including
fused silica, polysilicon, or silicon crystals may be used as a cell growth surfaces. To
enhance cell attachment or function, or both, the cell growth surface material may be
chemically treated or modified, electrostatically charged; or coated with biologicals
such as with extracellular matrix components or peptides. In one embodiment, the
hepatocytes are cultured either within or on the surface of extracellular matrix
disposed on the culture surface such as collagen in the form of a coating or a gel. In
another embodiment, the hepatocytes are cultured on either a liquid-permeable

membrane or a gas-permeable membrane. Other cells present in liver may also be

included with the induced hepatocytes such as endothelial cells; Kupfer cells, a



speci al i zed macrophage-|ike cell; and, fibroblasts. A

co-culture of hepatocytes with one or nore of these
wonom@nen2t ypes of cells nmay be desirable to opCTmSz®3/023869

hepat ocyte functioning. [®73] In one enbodi nent, the

in vivo i nduced hepatocytes can be seeded in a

bi oreactor that is used as, or is incorporated into a

LAD. Sone LAD designs are based on a hollow fiber .

cwpecinlizhgenatzephyse-ifke cellitangd, flphiasie A ee-cyltareof bgpajocytes with

either in the lunmen of the hollow fibers or on the

Osttesdr@gorefof thHese tiodthavypdsldicslls Mg bh desimatleftp loplimizediepaigcyte

as a culture substrate that ‘allows for liquid or gas

tfRBgRRES. across the hollow fiber. GQher LAD designs

incorporate a flat planar culture substrate.

Hepat ocyte culture between two col |l agen gel |ayers is .

desci0083H i n anesmipgimentiobe irbyigo mdysed hepaipcytss gambysggded in a

to Dunn, et al. Another design using a planar culture

Shibfdatidi that B W3k ad, 08 Bdncdrporated.intBatLANoSorse 628 dgignants based

in International PCT Publication No. WO 96/ 34087 to

Batlgholl & fiBbr c290#iBe ibdén Rhavake Bipasicy@t ate stededusther in the

m cropatterned so that two or nore cell types may be

e ot PR Bhers B Bc o IR EIBER T hollow b

Bhatia, et _al. The djscl.osures..of. these af j

ook s acnlre e BRTBS LR 6 Uamger B cutaRt AEP, BERltiow

and their use as a bioreactor device to treat

pibéereRther LA, desdgnsringarperateadiat plangr enlfuse sHbstplg, depatocyte

herein by reference. [0074] A preferred bioreactor

deslge bétoreet bweo calldgan eeldhycheisalesaibed én Ui Pot. pisad £62,826, and

gas- perneabl e, liquid inperneabl e nenbrane that

defolinase tyDuh€ Pt AN Anohler aesb%ﬂ!s@@gi planghvaither substrate is disclosed
Hepat ocyt es are seeded on the surface of the nmenbrane

cyl Hu ‘i%gt. . 3 65%,2?2 A ROt Wi hep €D 9a8liciEioh No. WO 96/34087 to

oxygéenation ah er gas transfer not only in the

cul ture i u ut_als cross t .

et St gt e s R By RN ERE o Bat oo or more

i mprove cell adhesion such as b% nmodi fying the bstrat

elelk tprE 12y be Kaltyed feethse 353/ s8raiHute, Y W&E&%ﬂ%\s on a substrate
di scharge, or by treating or coating the WD .

260 BiiGeeraibelbydietiazs gk The disclosures of these aforementioned

patents that disclose culture substrates and methods and their use as a bioreactor

device to treat patients in need of liver assist are incorporated herein by reference.

[0074] A preferred bioreactor design for the culture of hepatocytes
incorporates a gas-permeable, liquid impermeable membrane that defines two regions
of a bioreactor chamber. Hepatocytes are seeded on the surface of the membrane
cultured in a liquid medium while engaging in oxygenation and other gas transfer not
only in the culture medium but also across the membrane. In alternative embodiments,
the membrane is treated to improve cell adhesion such as by modifying the electrical

charge of the membrane, as by corona discharge, or by treating or coating the



22 menbrane with extracellular matri x conponents,
pepti des, cell-adhesion nol ecules or other chem cals.

wé piqafieneed coating for the menbrane i s col | agemus2003/023869

[0075] When cultured, the c@lls are preferably

contacted wwth a cell culture nmediumfor atine to

mai ntain their netabolic activity and opti mal

hepat ocyte function. Al beit in varyin

qoerkane with entacedlslar magnix mr@pqr@atSapemUé% gell-adhesignamolecules or
nutrient source for cells in the formof glucose,

ajthéiehadiodB, Aviréfenedsoatmgdor tho mupamirend iggellagenoget her
wi th ot her basic nedia corrponent s. Culture nedia

general ly conprl ses a i ent a

suppl087int ¥ hep epltusee thic e\iléraéﬁ Gt %ﬁ%ta{lﬁwbtﬁgrﬂen culture
such as amno acids, growmh factors, hornon

antdiwingfot 2 fiimslto agpantais theinmgiabpli¢ @ﬁﬁ@’éﬂy 284 @ﬁfl@al hqu@cyte
preferred mediumfor use in the nethod after

hRaek@C Wi i inokalihgtoncenpaticaeseell cWitireimeria pvidedi kamic nutrient
newborn calf serum (NBCS), glucose, insulin, glucagon,

h§6 Ec‘g%cfo LR QR @he foRREBgIueBled SR acﬂstWtdimﬁlﬁ,(Hnd indrg4did jons,

l'utam ne. I'n a nbre preferred enbodi nent, the

;}%ngti lglgﬂﬁhgn%ﬁﬂsgé I%lea%aﬁlger?é SURMGE AR g{:Nﬁh‘?aIW @o?l‘?ﬁﬁses a

secon gen conpri ses: l'i"anms
rredla su pl enmented with u to 1% ne

(NS bage ErgeY Sugplpsaled Bty d P QR tign Oh’d’?’%‘m“"h e
gI ucagon, 7.5 .nmu.g/m hydrocortisone, n‘&Soarr{rlié{l HE ¢
nayhinlo aBidE, grawth LOPrHRPHPIes aftineacteryah age Rty 8?%36 ﬁ%en s.
for the aforenentioned nmedi um conponents or their

f One piederadd raediimafoendesin ity mbiod efter heipatedytedsolatina geynprises:
one of skill in the art of hepatocyte culture. [0076]

Amm%{s’ Pl SbwBEH ¢HH fefiim ENBUOSY), digedsedatudiny plasagon,
makes use of a mediumto which pleiotrophin (PTN),

R Ll (Rem) dfdYlutadthe. In a more
aﬁ%ﬁ%BC é@gﬁgn&ggéﬁh gl% éded l\(/b;GIg‘) pr e%ﬂ erably, the
medi.um further coptai asc h t
aﬁ%ﬂfmw@w B35 ARSI ARy s
this WD 2004/ 011622 PCT/ USZOOB(X})ﬁ3869E
anti-oxidants and second agent comprises: Wifliams”E media supplemented with up
to 1% newborn calf serum (NBCS), 4.5 g/l glucose, 0.5 U/ml insulin, 7 ng/ml
glucagon, 7.5 .mu.g/ml hydrocortisone, 10 mM HEPES, 20 ng/ml EGF, and 200 mM
glutamine. Other concentrations for the aforementioned medium components or their

functional equivalents may be determined for use by one of skill in the art of

hepatocyte culture.

[0076] Another preferred medium for culturing hepatocytes makes use of a
medium to which pleiotrophin (PTN), fetal bovine serum (FBS) and nicotinamide or
an analogue thereof have been added. More preferably, the medium further contains

an ascorbic acid or an analogue thereof (e.g. L-ascorbic acid phosphate). To this



23 medi um the antioxi dants and second agents descri bed

above are al so added to the basic nedium [0077] For
woxenplies22i n one enbodi nent of the cul ture met ROWUS2003/023869

described in Japanese Patest Application No.

133985/ 1996), hepatocytes are cultured in a m xed

medi um consi sting of a nmedi um contai ning FBS and

ni coti nam de or an anal ogue thereof as colony-form'n%l

i medienti the tstidxadantseqnaltsoegndengenis deseribeh apevicsre dsAacHed P the

(CM of 3T3 cells as a growth pronoting factor for

heprtAsHtLS, Where PTN is added in place of a CM of

3T3 cells to the medium of said prior application.

[0078] The conmpound PTN i s onge of ar i.n- bi ndi o e

pr ot @%Oﬁ%l aher §*eEPke i1 ¢ enél%?d&P%qlgt e I&ﬁ‘g“’? gS%Hibgd n

factor for nerve cells is known. Sone researchers_ have.

r Inpandse RaiensApplidation dfo. p3AASL1996). benatesyins a3 cwlfred e mixed

cells such as fibroblasts, endothelial cells,

epilingl donkisGRE bSa gledium totitaihing B Seanel ¢ s imaméqroortag analogue

negati ng such action, so the effect of PTN on sonatic

CRlleSf | . i THoehdasyads aall a Bbadidahaahedi
cﬁ‘gﬁ%g%“s@‘,ﬁ% ofa.ih%%ﬂ,n%f\bg?&ngsaﬁa p%@ S en0. 25807, 3002)

7 TN | S . ' L -
 BURbr LSRR SRl RL vl R EraR s i
¢ Fepiprec el alviimaclinto Berirgtint vug phet GRigET
purification procedures described in U S Patent No.

6, 13?063? » PANCERAPo RSP & GRGFhRSAtid-biading pedleis, shB3ts action

cell pared In"the same nanner as i n Japanese

Pat ent lication Nag, .13 - h
cabedh FRoran yoRmp Py Rt Pe inRpabh i Ay have
derived from 3T3 cells may be obtain by, usj.

SFROTA ith SRTRE DA RSN e 8RERe S5 BSOSO BSne

to isolate a coding sequence of PTN from an existin%b .

c Bhitothéliat eglis, epithetinlkaslls etep butEieregre AisQ IGRSHF REELEG FRAL &CUOD,
in a suitable host-vector system WO 2004/011622
PGT IHdS22086{2B8 69 somatic cells is not established (The Journal of Biological

Chemistry, Vol. 267, No. 36, pp. 25889-25897, 1992).

[0079] The compound PTN is commercially available as recombinant human
PTN (R&D Systems Inc.), and this commercial product can also be used in the
method of the present invention. Using the isolation and purification procedures
described in U.S. Patent No. 6,136,600, PTN can also be obtained from a CM of 3T3
cells prepared in the same manner as in Japanese Patent Application No. 133985/1996
or from a culture supernatant of other animal cells. Alternatively, PTN derived from
3T3 cells may be obtained by using a part of a known amino acid sequence of PTN as
a probe to isolate a coding sequence of PTN from an existing cDNA library and then

expressing this coding sequence in a suitable host-vector system.



24 [0080] The mediumto which PTN, FBS, ascorbic acid

or an anal ogue thereof and nicotinam de or an
wanelpgue2t hereof are added is specifically DVEVrmseiosn?3s69

cont ai ni ng epi dermal growt fe4f actor and DMVBO. The

epi dermal growth factor (EGF) and DMSO are not

essential for colony formation but are preferably

added to the nediumby virtue of their action of

pr onfa08AY cFhemediuor iawhion PTN, FB&ctscorbioaid phayanaggue thereof

| ow- speed centrifugation contains endothelial cells,

Kuidf fiestifanSiebt @t fatcduk Sheradferd aided icedetifically DdkManedium

epithelial cells in addition to hepatocytes and is

c Q%Eﬂﬁ%e%%i&eﬁg%gﬁw&?fac{&% R&d DMISGSTHY etpme@nglp%a@{vtﬂ factor (EGF)

SEV|ron t, it sai d nicotinam de or an anal ogue

e ascor hi ¢

iﬂwﬁ ﬁﬁsks? AR50 SEnieSh Aol TR AE delERRIL TG
us. nma it i bl [ turi :

PSTIFRPEITH PRl DRERME BBy Tofftiol B0 pouined

these ingredients added to the nedium can be, for

eJos iph-specaiwentrifagation gontains sndahelial cgflsyKupBer seiqllatacells, stellate
30%for FBS, 0.1 to 1.0 nMfor ascorbic acid or an

apell gue dudrepahdlial teltsdn h0ditingtahephgcy@sand isiconsidaed tavprovide
for nicotinam deor an anal ogue thereof, and 0.1 to 2%

f ﬁﬁ%a%@@s withh §pHceid shvaonsiesd @il daid ficbnAXds bbarPanalogue
atnosphere at a tenperature of about 37C. [0081] In an

glrtl!)i/e?%o'}%sgo@i@gcﬁ éfgl iﬁﬁ@% Lot N8 PAIQONAISSit Meerowth of these

opreserved storage after 1solation unti

needed for inco ratign in_a bi.ore .
ytrEsEht S’Sﬂg Shfting e SR RN Bhety culipesnd o

and engi neered tissue constructs are known in th t

o raligapng sarc e hoEstgofRe St VRPRTH Ol BooBBFe g Added o the
| ong term storage, banking, and shipping. Wen needed

t hedtush Cr b, far exargpiewbot O ¥ ng/mi to#é s giorldgeP TN ie#)% for
rinsed of cryopreservative, and ready for use. [0082]

AT, 08l fohe mids Bbradst &@bicaicid @rmablogu®thereof, 1 to 100 ng/ml for EGF,
cryopreservation storage, in one preferred enbodi nent

t el AfRr hf&gﬁgﬁﬁid%%t RGBS tHRF®E PinATer @bl for DMSO.

I ncor por at ed cultured in a bioreactor.
I(;Iie (?Lﬂél?ec étc%rsldlgcrté) 3 5?% %.guﬂ.fg&?ots{)ﬁ&e Bpgféﬁl%gra\f‘ﬁr% R about 37° C.
[0081] In an alternate preferred embodiment, hepatocytes1 are cryopreserved
for storage after isolation until needed for incorporation in a bioreactor.
Cryopreservation of cell suspensions, cell monolayers, and engineered tissue
constructs are known in the art of cryopreservation. Cryopreservation is useful for
long term storage, banking, and shipping. When needed, the cultures are removed

from frozen storage, thawed, rinsed of cryopreservative, and ready for use.

[0082]  After either isolation or removal from cryopreservation storage, in one
preferred embodiment the in vivo induced hepatocytes are preferably incorporated

and cultured in a bioreactor. Hepatocytes from a single isolation induced with either a
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mul ti pl e doses of the sane induction agent, or a
wounodami@t i nduction agents, nmay be used. |n BAEUS2003/023869

alternative enbodi nent, hepatocytes isolated froma

non- induced donor are cultured in a bioreactor wth

hepat ocytes isolated froman in vivo induced donor.

In an another alternative enbodi nent, hepatocytes from

tadElOor Multple dmaoof the chme imstiomaiisosdr bypumber efHpgiction agents,

i nduction agent or at least two different induction

ageNbSuRMe It 6ADAIRRativegaitdaimdnt, Hepeatosyawisblatdedamh omon-
IT the bioreactor has multiple culture chanbers or

ri%gﬁc%ﬁ%bnpfgg%%& tﬁhé ’gfﬁ?@agio‘} (8thaRbatdetey Solakatfrd@¥ein vivo

been pre- ferent induction agents may

be .seqgregat but used together .f t

FOHEERGRTAD BAneReE! SISt s ooyl efe Bt irm ovo or more
i nduced hepatocyte cultures that havedgilffereq&ff i
ednnprEsobsiony indpogst by the eame MAYCEIASERLYTHT (R8T 8P AD

w il benefit a patient treated with the cultures in

t indludticora@ants are cambinsrbtogetherin Meggame hipisagiphrls g Hipreagigr has
contain several isolations of different in vivo

i pugRdohaRatRees ordliots, @spdtocypesaivrd différentsimnprs ibat have
witha full profile of upregulated enzynes to achi eve

t > i Rht S8t @ionldoe@t by bRGEEréEAtyd blused together
ap%ggﬁgﬁ%géagﬁgggﬁﬁent IS one?'gwhere|9 thegpgtient may

be treated. with a bi t e T E infAhcd®eBatocyt

- Bsiig sisrd! Bt iotng pE bRl R AL B R irRccieBatoeyte
certain selected enzymatic activities that au t_ Qr

- e E A eV SNEVER AUy Ao S Bt DTS ORE gs riD
patient's |liver expresses low levels of a c?rtain )
detlbkeérefit apatent srsatpduvit he g@furenia the bioeaseiosr Ihens ghebodiment,
used to culture the cells to produce cell products or

t ehefbimehdtonaby yoraain severslibslbitomses diffuert imgivodndussd hepatocyte
normal |y netabolized by liver. The bioreactor may

Sehlfte@f prBvidd thedfhtieA viH & FulPgrotileodf, upgegulatat errysmies to achieve
devi ce toptreat a patient in need of liver assist.

b eférgi}gsltt %g'r%%\f idgt%x{ff&raﬁ&lf' Ltifhtvgc? AN ITRTakiGe Bfbbdiniekt HRYie where

rous types o oreactors used as liver

a%l?el psattier?ter\r/lla}(/: ges frez»%: %?tﬁ%tb%rseac St steg&jed with one or more isolations of in

vivo induced hepatocytes with certain selected enzymatic activities that augment or
replace certain levels of enzymatic activity where the patient’s liver expresses low

levels of a certain detoxification enzyme.

[0083] The bioreactor may be used to culture the cells to produce cell products
or to functionally act on substances, such as toxins normally metabolized by liver.
The bioreactor may serve as, or be an integral part of, a liver assist device to treat a
patient in need of liver assist. Hepatocytes having upregulated enzymatic activity may

be used in various types of bioreactors used as liver assist devices. Bioreactors suited
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conpri se suspensi on neans, hollow fibers, radial flow
weuodsaaer2and planar substrates as cell cul t uUPET/US2003/023869
[ 0084] Hepatocytes that haws been induced in vivo are
useful to treat a patient in need of |iver assist
when cultured in a bioreactor that is used as, or is
incorporated into, a |liver assist device. Usually,
hépathio pytEse eothpsseoruspardionmeans, hoblewfiherse radial flqyy gufages and
or blood are circulated through the device in separate
fbgwmhﬁmﬁﬁm653§bdﬂdmwmgloops contact each other via a
menbrane for the exchange of gases, toxins, and
al bumi n but al so provide an i mmunol ogi cal barq r .
bet wdS4l he Heppwe ey thashalisdeeminduped igiyo argyise iuﬁté)ttfeéh% patient
[0085] An inproved hepatocyte would be useful to |iver
bimhegioftliver assxivben ogiwedin abidreppiar tatiswsedag, or is incorporated
researchers. Because of the short half life of the
C itb U4 Bebrhep@atdecict eGsuatly tgepatoand pedusiet hediym bid thapatient’s
not been possible to study nmany phenonena properly.

[ 8RR ARGl rBIHSRE e V1BV RNk bATCRTANIABS. The flow

using t hepat ocytes with i nproved | ong

termfunction tg screen c :

t Sobsicbh Bt ot S GRoRPERe RitRe Sty 808 dukioxjns, and
PA50 enzynmes is a major factor_ _in whether or not

c aftweia OBt dstproyHie @dggnwn&f%ﬁabb?lﬁ% wagt, e &’FE%B?)@W“ the
process. More precise predictions of P450 induction
wpatiehir epresent a step forward in pharnmaceutica
producti oh schenes. In the area of |iver toxicol ogy,

there can be a significant | ag between exposure and
maWPHEYI%Si on of toxicity. Standard methods of

culturing primary hepatocytes only result in cells

whi chiopgstal nAd HAsblv e RdpaloRyteaydigivbe dasl to NiweMelogistny
agents do not exhibit their toxic effect imediately.
l:%xicologists, and pharmaceutical researchers. Because of the short half life of the

cultured hepatocytes using standard methods, it has not been possible to study many

phenomena properly.

[0086] Accordingly, the present invention provides methods for using the
hepatocytes with improved long term function to screén compounds for long term
toxicity during drug development. The induction of P450 enzymes is a major factor
in whether or not a candidate compound goes forward in the drug discovery process.
More precise predictions of P450 induction would represent a step forward in
pharmaceutical production schemes. In the area of liver toxicology, there can be a
significant lag between exposure and manifestation of toxicity. Standard methods of
culturing primary hepatocytes only result in cells which remain functional for a few
days; however, many agents do not exhibit their toxic effect immediately. For

example, aflatoxin, a toxic metabolite formed by mold, takes many days to have its



exanpl e, aflatoxin, a toxic nmetabolite fornmed by nold,
takes many days to have its WO 2004/011622

WOCH4sR203/ 023869 27 effects on humans. ThusPCThS2003/023869
hepat ocytes of the present 27nvention are useful to
study these long range effects of netabolized
xenobi otics for extended anounts of tine. [0087]
Currently, nore than 140,000 drug candi dates are
beffegyhon hwmens. fThist the hepateqyitay of Ve Rresemhinvepiian g Byefplig study
make it to the market. The failure of |ead conpounds
i shek@lopglryngbledfets of mptaddiieedxenobiotics foy eateddédarkowits of time.
efficacy. A cell culture nodel that behaved nore

simlarly to the in vivo condition woul reat | e
enhah®87nd Qreatirers th%ﬁ@ﬂ@&tcgug %@t‘]if &‘F%O}d/gliﬁi Ijfg 1n vitro
drugs. The hepatocytes of the present invention are

usssfing every gearebufi veryifew meke ib%o tietgarket. dhadaibie ef lead compounds
conmpounds during drug devel opnent, which nust be

t eslaggly dfe toiuvnpredioted wkicity afidizk odeffivecyacs oaip cukire chagial that

i sol ated hepatocytes, but if the toxicity occurs

abLiefved niS:O5ANULY 18 XROB WD cotliiRRh Sfould@Raidy Bi@ifice and streamline
current nethods of hepatocyte culture would not detect

DL b o, PR PSHEE: Bl BB GARA e v
B e PO TR G2 BB oY foomens

termfunction to screen candi date drugs targeted to

t véueh mpstehe testest fog divaiiosisityy Ehisgap be agroppplishedhen isplated

liver can be better tested in the long term cultures
othepdtecypese beinif tHeepricty ptass aftdra pirolongadeskpbenret greaierghan 3 days,
the hepatocytes affords inproved testing of potency,

efclireAGNsthadbftheyhtetfty culh@®$hldHe deteestaa toxiciwe isingthe
al so provides nethods for using the hepatocytes wth

i ay e bR i MRGESR Nod P tefin REFEAS b fhuGic@hdiliht¥€Ean be
o opaLEHes e bKMLiAEHbE ol d1hn BHRAE bE g Bhdihivban
device is anticipated to increase greatly in the next
d&RPHE™ | argely due to an increase in hepatitis

infections world w de. ,

[0088] The present invention also provides methods for using the hepatocytes
with improved long term function to screen candidate drugs targeted to treat liver.
Drugs which are targeted to treat the liver can be better tested in the long term
cultures of the present hepatocytes; the improved function of the hepatocytes affords

improved testing of potency, efficacy, and toxicity.

[0089] The present invention also provides methods for using the hepatocytes
with improved long term function in a bioartificial liver device. The need for an
efficient bioartificial liver device is anticipated to increase greatly in the next decade,

largely due to an increase in hepatitis infections world wide.

[0090] The present invention also provides methods for using the hepatocytes

with improved long term function for the production of proteins, including those



[ 0090] The present invention also provides nethods for

usi ng the hepatocytes wth inproved long term
wouomoion2f or the production of proteins, inclBdTmg2003/023869

t hose WO 2004/ 011622 PCT/ US8003/ 023869 28

endogenousl y expressed .in hepatocytes such as TNF-a

and hepatocyte growmh factor (HGF), for use in both

t herapeutic and research applications. EXAMPLE 1:

Metdgahduzty efpréssedin hepatorytgesucand TINE- o age hepppexyiegroimth factor

freshly isolated hepatocytes, and its effect on

hf@éﬁ??%#&gﬁ??ﬂﬂtﬁ%g%@ ahHR&eh@R app1RaBdds. To study the

effect’ o itTferent tonpounds on the function of

hepat ocyte functi on and phenotype, hepatocytes were

i sol ated according to techniques well known in the

art and cultured in a collagen sandwi ch confi guration.

Hepat o es re.induced with the,addition of .2aM,. .
AN B MR e (i o Yapp SR gk Shsfis if By isolated
using the EROD assay as described in Pearce et al.

1 bemtocatdsuanchitselfece on bepaiReytiiigaoiype and fuaglien.| SA, as
described in Dunn et al., 1991. Wstern blot analysis

was r S| t gchni [ :

ue; T st s B RS Bsp SR e e hlificH b

i nduction_nechanismis depriwét ed in Fi gure % Fi (ﬁurgqg hoi

i Sepatocylst BngeR ArbPIFEODRE: IFBRRGHPS HPGASHURORCEATR & techniques
for various treatnents. .00931 Figure 3 is a graph

s woli mgwinhie thiodrt ancheidisirddan asollageazsangwiich €gpidgyration. Hepatocytes
hepat ocytes treated with a variety of conpounds and

C Welrenddcddowitd thedtalditionad TR Banetliydchmbantintned:-BC). CYP 1Al was
control group. [0094] Figure 4 is a graph showi ng the

f ohsiiBd u_ﬁhg% PRO® RWY 3 REGIHRE iPPedrbe eth@p299H: YAIBEmIn
treated wwth a variety ‘of conpounds and cultured for 8

gg%%?%ﬁ%@%ﬁ%%%ﬁ gg 8&cHBH fnbut QYP; 1. Westemn blot

analysis was performed using techniques well known in the art, using an antibody to

CYPI1AL.

[0092] The CYP 1Al induction mechanism is depicted in Figure 1. Figure 2

is a table describing the mechanism of redox control for various treatments.

[0093] Figure 3 is a graph showing the fold induction of urea synthesis in
hepatocytes treated with a variety of compounds and cultured for 16 days, compared

to an untreated control group.

[0094] Figure 4 is a graph showing the fold induction of albumin secretion in
hepatocytes treated with a variety of compounds and cultured for 8 days, compared to

an untreated control group.



29 [0095] Figure 5 is a graph showng the fold

i nduction of inducible CYP 1A1 activity in

woeprtootes treated with a variety of conpoun@eTansen03/023869
cultured for 16 days, conpared to an untreated

control group. [0096] Figure 6 is a graph show ng

basal CYP 1Al activity in hepatocytes treated wth a
variety of conmpounds and cultured for 14 days,, . \
conp&i098] t o Figure §i # graple shavyng fsi folghipdyetionsp dpducible e 1AL
7 shows a Western blot for CYP 1Al in 3-MC treated
hegatigdy hepatocyidst treaced with a 8arict@ ohenmp@indaged cylogedior 16 days,
These experinents indicate that antioxidants are

etb8pirkd fo & uhthalanhiiel gBr@(ﬂf 1Al inducibility in

primary hepatocytes. NFKB nucl ear translocation is
critical to hepatocyte function. The benefit of

ni t r [@098%i d&Figyse 6healtaph shavwiag bpsh CIR 1k activityjip hepatocytes
oxi de or donating nitric oxide) was measurabl e but

M dahte® b thAMR Sy oft doenpoluadsaraifcultaretlifonkd dayst egmpared to an
scavengi ng the hydroxyl radical or increasing

| phirafed i@ oflupt at hione  was nost effective in

mal nt al ni ng P§50 function. The nmechani sm of

gl ucosam ne protection of P450 function is under

i nved0097dt i diiguradshewsya Wastarn blot s GRP dAdiipRrd&riteated
based on the observation that gl ucosam ne inhibits NO

S HapAesjtss, bultaed fore, ¢2landrb€doshages. EXAMPLE 2: Rat
primary hepatocytes [0099] The function of rat primary

hepat ocyt es prepared using.the nethods of th resent .

| nver0IE velhesarey TR MYieais oF SO R EreduEaT fireasing
EROD activity in rat primry hepatocytes treated and .
urE YR aAé dndveesbitiotie prieexihepasocsteenwiNTkE Tuckpar warslocatipip s critical
nunbers are averages, wWth levels greater than 1.2

beb Repasbyid funeadt. . THRRGRedisof mtrit@xydegponbad by eher inhibiting nitric
deet hyl ase activity, which is al so known as p450 CYP

12%ide?? AR ORIIEES Wi Thddsin @3 /huPRBfithal. Amongst the class of

anti-oxidants, scavenging the hydroxyl radical or increasing intracellular glutathione
was most effective in maintaining P450 function. The mechanism of glucosamine
protection of P450 function is under investigation, and may function as an antioxidant

based on the observation that glucosamine inhibits NO synthesis in activated

macrophages.
EXAMPLE 2: Rat primary hepatocytes

[0099] The function of rat primary hepatocytes prepared using the methods of
the present invention were analyzed. The average fold increases in EROD activity in
rat primary hepatocytes treated and untreated was determined, as shown in Figure 8.
The numbers are averages, with levels greater than 1.2 being significant. EROD is

ethoxyresorufin O deethylase activity, which is also known as p450 CYP 1A1, an



30 inmportant drug netabolizing enzynme, and is a marker

of general drug netabolizing activity in primary
woepatootes. EXAMPLE 3: Mouse primary hepat ocpCEeaS2003/023869
[ 00100] The function of nouw®e prinmary hepatocytes

using the nmethods of the present invention was also
exam ned. Using OIZ and tochpheral succinate u3|ng t he
present method, we were able to maintain a ma

hapeartay d@gfmta@qlgmgeqnzmamnslos a gpyer &f gepergl %F}efﬂ[ﬂ?(’llzmg
as well as maintaining EROD activity for such a
pectivag.in Peienaky bepatoctesThere is al most no EROD activity

in the untreated group, but 3.5 fold in the treated
group. Experinments were done in quadruplicate, with

t he average shown. WO 2004/011622 PCT/ US2003/ 023869
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claim 1. A nethod for culturing primry hepatocytes

' 1. A method for cul tur ery hepat o
or evende. o Aty b hbedRR AW AR II0Y

wherein said second agent is (1) a functiona

i nhi bi Hor ofa @&ihsBRZYME Tokiab! AplePiatremcolgddd{1da 008X\ 8e3);
and reactive nitrogen species, (2) an agent that

directly inhibits the reactive species, or
agent Bhat iZhengasds Ghary BoblInigredt- & 8&?3%7'5% ZQOO%T?

wherein said primary hepatocytes maintain function

for at 4I east%r(l:l .rgseet%ﬁég'r{{é%mo)—h%@gﬁmg (%OOSJ aim 1,

wher ei n"t he “ant 1 - 0xXi I's toc erol” sdccinate or a
scavenger of the hydroxyl radical. 3. The nethod of

clai m 3, wherighéhstdng ehyidrane. Biddimahcrs da¥E) 361 - 1742000);
mannitol. 4. The method of claim1l, wherein the second

agent is a glutathione _precursor or_an inhihit f
nitric 6exi deRayst airh@rcheﬁwd&%fBlen”a’ﬁw?’h1(15/ikg¢'gb ST
gl ut at hi one precursor is 2-oxo- thiazolidine. 6. The
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7. The method of claim1, wherein the anti-oxidant and
second agent is 2- oxo-thiazolidine and tocopherol
woeuseinae. 8. The nmet hod of claim 1, wherein PO®US2003/023869

anti-oxi dant ' and second agext is NG nethyl argini ne
and mannitol .

We claim:

1. A method forlculturing primary hepatocytes comprising plating
primary hepatocytes in the presence of an anti-oxidant(s) and a second agent, wherein
said second agent is (1) a functional inhibitor of an enzyme that generates reactive
oxygen and reactive nitrogen species, (2) an agent that directly inhibits the reactive
species, or (3) an agent that increases intracellular glutathione, wherein said primary

hepatocytes maintain function for at least dive days.

2. The method of claim 1, wherein the anti-oxidant is tocopherol

succinate or a scavenger of the hydroxyl radical.

3. The method of claim 2, wherein the hydroxyl radical scavenger is
mannitol.
4, The method of claim 1, wherein the second agent is a glutathione

precursor or an inhibitor of nitric oxide.

5. The method of claim 4, wherein the glutathione precursor is 2-0xo-
thiazolidine.

6. The method of claim 4, wherein the nitric oxid-e inhibitor is N
methylarginine.

7. The method of claim 1, wherein the anti-oxidant and second agent is 2-

oxo-thiazolidine and tocopherol succinate.

8. The method of claim 1, wherein the anti-oxidant and second agent is

NY methylarginine and mannitol.



