Bi oactive Surface Technical Field The present

invention relates to the stabilisation of a hepatocyte
wouowliayxss cul ture through a bioactive substraPamsGIene/000147

present invention further relates to the use of the

hepat ocyt e nonol ayer cultures for hepatocyte-based

applications. Related Applications This application

clainms the benefit of plication No.
60/ 802,768 filed 24 thﬁggggﬁh§§epg+é@fosures of which

are incorporated hereln by reference in their
entirety. Background of tFeshhivabRieldbn Cel | s

di ssqe ﬁ&% L § rv@ﬁﬁ% Gh MRtttV e stdbilRales of HHRpASc§to @‘nonolayer culture
nd, the

manmar pancreatic islet, the lung or |
thi@vgh hekinadiseonbstraed Tie p@swpam@lonrﬁl@heraf?&t%m ﬁ{eeuse of the
experi ment

h"rﬂ"l‘tf’?%% ogP Veraﬁgﬁuéeé gnre]&e '?’aéanal‘pg)gtc ?tédr#g and

architecture which resenbles their original tissue.

Th bility t d t trol th

rm?pﬁolgelnegl soo?nt ﬁregealgglf‘g’ ﬁg‘i"l‘gﬂo% et i ssue-1ike

st r URHis) lappilca‘som caims! e hermifit @Pﬁjlé%ﬁ’mﬁ@smlﬁal cAwplicatiep No. 60/802,768
c\{ Sﬁ Z\Ez?}? 2(?0? &pag%/ur%ng%{y 1c§%? %e{gcg Gf‘eﬁéél HEreli£ B AERnce in their

&eldiyassenbl ed spheroi dal aggregat es of |soI at ed
prl n"éry hepat ocyt es have been obtai ned i n suspensi on
culture or by utilizing noderately-adhesive substrata

of natural or artifighakerithdd¢aid MveatioRmt ri ces such
as lanminin, fibronectin or coll agen |. The

ext rednl distbéibtctreton x v@xﬁ@ty oif tissuee nidhes ¢l mboweryrglangathe pancreatic

cogj ugefllt ‘S(%p ng%ﬁf gﬁYF I%?II &'énf%eg ¢§ge§ Su%%pﬁ &I%n)der appropriate

éiggﬁfﬁgﬁtal ReRad QfyiestlRsiiansle tih@hinulticeBulah aggirecates w1th organization
bstrata, which results in extended and_spr

amlr phbitc;@qre \a]mlgh|rgwmlgeﬁeﬂglropnglp@leplssgﬁeC'ﬂaq ‘g[illty to understand and
cd)él ray ﬁther enm %@n&%y J2€ kst Cild BheREHRM ORY¥uB-like structures is a

I'n contrast, 1f hepatocytes are
fndhoemd dbpative oﬁeélyaltdcﬂech]@pm@b’@t piatagy and tissue engineering research.

Clee gl[q f%tﬁ %g%f gﬁﬁtarte g%s?u%?eéngglhheehgl ?SS Ingés ngear §Bheﬂ)1dal aggregates of

fsbl%feﬁepﬂlﬂnkl? E&akocg ek | have theeg | dbtaindd i lln( snspenﬁom ioulttine endy utilizing
enhanced | iver-specific activiti

poferpiely-adhesive spbstzate qfnapuzaligr Ggffleﬁwé egga%qﬁ.llugg nba]tlilcées such as laminin,

ﬁ%‘ﬁ&tﬁp bt ol?] QAL ] YRetdxAaselfst BaRix PrtéihOMgentibh&l above may be
eatures ofC pat ocyt e spheroids Slic(geSt their

ool egatédawithapell adl@ﬁSiO@rR@PtldeSo s asi AigcPlarAsp (RGD) pad dyr-Tle-Gly-Ser-
g? V:ﬁfgisﬁt@\%‘}’%? lbg%g?@ gﬁ’l?éré ¢ ]ghp%'?ﬁh%tsé’)éhﬁs‘tfa}ﬁ which results in

ness O epat ocyte
sxibRtediad spﬁadi cell troepluhlexyt end oav jswels oﬁhgg-me@rﬁgmghwﬂm which may

u%;elfS}el E??b Q\;%%gdeo%c?{éobl otics and netabolites into

In contrast, if hepatocytes are anchored too loosely to the substrata,
hepatocyteaggregate into spheroids which form in vivo-like 3D architecture and which
exhibit tissue-like cell-cell and cell-matrix connectivity and enhanced liver-specific
activities, membrane polarities and -liver ultrastructure, such as bile canaliculi, tight
junctions and gap junctions. The features of hepatocyte spheroids suggest their potential
applications in bioartificial liver aided devices (BLAD) and drug metabolic/ hepatotoxicity
studies.
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In one embodiment of any of the above aspects, the peptide groups comprise
peptides which are three to ten amino acid residues in length. These peptide groups may
be derived naturally or synthetically. The peptide group may be RGD peptide and/or a
YIGSR peptide and/or a GFOGER peptide. The peptide group may be RGD peptide, such
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FIG.15. Response to the acetaminophen-induced hepatotoxicity of hepatocytes
cultured on different substrata. MTS assays to show the cytotoxicity of cultured
hepatocytes under 24 hours (A) and 48 hours’ dosage (B) of different concentration of
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It will be understood that the term “3D hepatocyte monolayer” is used herein to
mean the monlayer of hepatocytes in culture which results when hepatocytes are cultured
on a surface which comprises sugar groups such as galactose and peptide groups such as
RGD peptides. The hepatocytes in a 3D hepatocyte monolayer exhibit cell spreading, but
also exhibit many of the characteristics of hepatocytes present in the 3D spheroids as
described above.

As used herein, the term “stabilizing” or “stable” or “stabilized” shall be taken to
mean the prolonged existence of the 3D hepatocyte monolayer as described above such

that the transient cell-spreading phase which occurs between 2 cycles of cell-aggregation
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substrate via amide groups. Another suitable reagent is dicyclohexylcarbodiimide (DCC).

Other similar activating reagents will be readily apparent to those skilled in the art.
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Conjugation

As described herein, conjugation can be any chemistry that is used to conjugate sugar
groups such as galactose and peptide groups such as RGD peptides wherein these groups

may be conjugated to each other and/or to a substratum in order to produce a surface which

is suitable to perform the invention. As des_cribed herein, coupling can be conjugation.
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excretory functions but without the above-described limitations of the 3D spheroids such
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stably onto the substratum as a monolayer while maintaining the non-spread cell

morphology, tight cell-cell interactions and high levels of liver-specific activities typically
seen in 3D hepatocyte spheroids.

In one embodiment, PET film was surface-modified with polyacrylic acid (pAA)
(see Example 1A) followed by conjugation using a ‘two-step’ ‘EDC’ chemistry (see

Example 1B) and characterized with X-ray photoelectron spectroscopy (XPS) and reverse
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compact mature spheroids.

Also contemplated herein are cell culture surfaces for bioreactors in the field of liver
tissue engineering. It may provide methods of improving the surfaces to obtain 3D
hepatocyte monolayer, a culture configuration with better cell attachment and function.

Model system to study the mechanism of tissue morphogenesis
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This hybrid substratum may also be useful as a cell culture surface of a bioreactor for a
bio-artificial liver device to obtain a 3D hepatocyte monolayer with better cell attachment
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With the effective adhesion of primary hepatocytes to the substratum and 3D cell

characteristic, the prespheroid 3D hepatocyte monolayer stabilized on the RGD/galactose
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With its chemical and mechanical stability and quantitatively controllable bioactive

cues, the transparent hybrid polymeric substratum provided herein for producing a 3D
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- (iv)Microplate based metabolism and toxic studies
The spheroid-mimetic properties, monolayer structure and effective attachment of

the hepatocyte 3D monolayer cultured on hybrid substratum make the hybrid substratum as

described herein a superior alternative for a conventional collagen-coated 2D substratum
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pressure maintained at 20Pa. Plasma was generated at an electric power of 40W for 1 min.

After the plasma treatment, the PET strips were exposed to atmosphere for 10 minutes to

promote the formation of surface peroxides and hydroperoxides, which were used for the



pressure mai ntai ned at 20Pa. Pl asma was generated at

an electric power of 40Wfor 1 mn. After the plasm
wonrestseast, the PET strips were exposed to at nBeplsec@7/000147

for 10 minutes to pronote the formation of surface

per oxi des and hydroperoxides}gmhich were used for

aefced VU EpA BT Bt itegU VirquiaentFouartzhigbes with length
sukb\@ﬁ%ﬁ'g%ﬁﬁiﬁe fartz tubes with Ien%th 0{1 éicg].aggs immersed in
of t2@nene dianfetd GEntome mera used. Thnplapninaies PELr P
L PET-strip was i rsed in 8 ROk Ht3Olubs.i Agon was
JOE’CFIn?’gFI]‘ﬁ ﬁ%ueé)gF Wnﬁogcgo&ltaﬁkﬁlﬁg hrggr}g%a??z tube. "Argon was
pubbieRks@uintRushutioReo ShirutEion remotcharsgan ang carapgumder Argon. The

oxygen and capped under Argon. T uar.t ;
qupttabbe Was pheaed in Bateh %ht‘ﬁ‘ﬂgﬁ‘?‘f?faélﬂ ﬁan}%ee Fr%%rr%é)ttfgrggc\g?&g?& Sl;b;aei
I hen.subj joWadoatlh@p ih arv-Fo40unis (Pegraeol-Eloso
tOEB\%W?‘f%%‘H‘ F‘Jé%p%ﬁﬂ u%}{\ﬁ/fg lévzzd(%?(l Eﬁ%ofa (Pgr:acol - El osol d exhaustivel
GBI Afidf reftingy aetPET stripheasPairens o of thadulpeaiichWathed grhaustively

t he tube and hed exhausti vel | WWels] th face.
il WP A KBTS M A e o by B ek Pthe surface
the surface. Exanple IB: Fabrication and
characterization_ of bioactiye substra -
(1" o Eramly U owrimtias g SR Rh bt Flbstra.
Ci rsahasPETSks. REThprdftedraiidr pAR) BlipsnvPencwrigiey cirgiyy disks wi
into the 96-well mc | at e i : d ealact
g P64 TRGR RS K LG TSRy LR SR RO poprie and alactose
240 ARG p@@ﬁ- Qo Edatsd h§4 rahide sidar aitel the opAAc-g-PET substratum
& mJF gous y '

tan using a 'two steps' EDC ( 1 ] .
sepktanaty - 3er| 3 simiiltmsedwsbanivsmgr oyl {ear BiEES | it Ethyl-3-[3

Hydraochl ori de), cheni.st | i 1)t BEefly, at the first

e irgpors Bt e T Pl e LD E ey, at the f

st;ég,nlt()ﬁhﬂ 'bggﬂajs ?Fﬂet’i@t@nﬁﬂgpﬂ.?’h@Sﬁ%mms@%m L@Q@@écp.3mg sulfo-
eac - we contal ni ng .t he - g- ) )

NBES vveet sddefido saelt doevellsBERYRE dhy Péf%ﬁ%"f’@dﬁhlg‘% 13 Retivgpghe surfece

esters. Af

Lte i i t EeRResRht Feom tdiaperature, the
RS %&OPB%B%%ngg 1?%?5?%@?%%2%1 gnd. repl eni srrrl1eéoilﬂp ffor (0.1
MES Qolhﬁ@i’kvalﬁ _b@ﬁ)pgamlﬁ r%métlfedraxﬁ(r,eplengsh@—w@fh.lﬁpus phgsphate ;Zu er (0.
contal ning 1 gangs an owed to rea i
Mbot Adussgit R 20 HSBRDA A At s abliibA Gy shaking
. endqr.f 4 UeRG@4ar. PET- Gal was
a? 5&;}? Yal'é &ﬂ%rg&?lg}é%gﬁgget\%@{% FdF%{GD pepti de (t GE%) ot RGDS
gal 25TeR6D bgRAA-Gal was fabricated by reaction wi h peptide (G ) or

(1-O0-(6.-am exyl ) -.D-.gal L OS] ARBG tively. The
st bty (A0 SR SAUPA PR vt T
ek st PRIOSNRABSor Tvith UiotnogEnBREDEx BN 0 an

%eﬁﬁﬁgﬁgfvﬁgfetﬁ?@at ig%g. After conjugation of the

witlodifferene rdtiogands, each sanpl e was quenched with 0.5%

et hapol am ne sol ut.ion -1 LAt &8nd1® wWak Qfikénched with 0.5%
: non-/gigeéc‘?qni“&gaﬁﬂ? é’&é{@ ibgo%étliﬁuielg?gis%}%&unr (_e%c; edq{{ﬂ.é

SRIRENMhE Solafion B Wid H niiheted epbibdk porspecifieinteractions due to the un-
m croplates containing different substrata Fi i t
rsbaed |cashoeyly SEQHIs W&gvﬁlﬁ hhePé%%ﬁeFraﬁB? pisfopfies, soptpining d‘fferenh
rinsed 3 ti ' A Yememaentadhsitdshemtinged 3 times wit
%)dbgtf%?é‘beé? ggﬁﬁfle\éﬂl%u agﬁgﬁg%}om of 1.5my/m_col Ielgsgen/ { coll
BR% UChIRfpch-tbated anhstratint wof prepared@yviesubating i BYlatdsome/ml collagen

SOO\{I?'(EOI:II i%l‘g(} eaﬁ':th \ﬁellc'of t 2696?\)7(\1%1 %%cr%guteas%%nﬁght at 4 °C. The excess collagen

solution was aspirated and each well rinsed 3 times with PBS.



solution was aspirated and each well rinsed 3 tines

with PBS. The graft density of carboxylic groups on the
WORBT0711363%8 was determi ned by a col orimetric nmePOoo8G2007/000147

usi ng Tol ui di ne Bl ue staining%previously reported

[Ying et al, Bionmacronol ecul 2003, Jan- Feb; )

4( ﬁ%ﬁéggﬁémi{% BE ¢artRkyRd erdupegsmlitie PEIOSImS wkg2determined by a

11 = XPS was used to qualitatively verif theﬁ@@'A[Yin ot al
colgriafetrion anetimall lusiggndolsistine dHbe oTRIBIREoPINIOUPETIOPO & ’
.Measur enment s ) v S5 AHB I hngmuir, 1993; 9:1221-
Bl%‘B%‘E?rPSi}g@ST‘ 2\&?{’2‘%&%&’ %Q)%%rlgﬁsourcee%?%. 6 eV
llﬁ)ﬂptons) at a constant retard ratio of 40. The XPS

w'de scan spectrum of the pristi PEL fil . ;

peats vor edartsig o ot Ui il BB Egpascon o

2P Mbaspd AN VBBREYAL ABMKHI gacaaheter twith a Mg Ko
thep '3\48%&16%“%%%%% nggnk%r%%/gen signal s, The spectrum of
X-BETsoR AR 253, e (Fplgptorss) tbpeoristait regaAetio efifbled the sane

eaks as pristine PET fil ho - di
P eRSRES Wik RS SPGRYE B oo AL O T SEAURE poiks corresponding
to gi;lrill[]s R@fﬁdfﬂgl éHeI'%}?/QSB@V PEAS b IREOREIG eharyy, TR PAAGich revealed the

I'ng densi was ‘quantified by TBO cal or|] rig.
raaayof dirhgn and akygeBisumal ShereRsUiEs oBBE &b AT DisbysFie 2 top, lef
4(1)157-165; Uchida et_al. i e relative infensity ratio of
e e
03805t b&Bor pORs8s Afphdr OPEDH AR filidrtham iy prigting Wil The pAAc

tained by varying the_ initial concentration.of.
graftingldensiggcivas auantfied by JBR FIATRFYI e BiobDromolecules
2@9; Jf%g{é@g 4@@3?@5.%@ a CAT OX¥himuB! Q995 ond21-1124]. PET-pAA

0se [1gands was not expected to Ilzad2 b
sdiRtrsth Gt icadokyldipfoliprdensitiss ifronh 826k Ja 888 3524 pBPIKHs cOwd b°
f

ormation and functional mai.nte ce lution from
olined by SR (e OV CBPEITOD i JBC pS0E gkt epompr soluton
10/?_Iagﬁag:ronol ecul es 2003]. 3.75% acrylic acid nonomner

Ution was chosen to fabricate PET-pAA w t%]l cailr lgox;il ds was
gr oWpe diffesérioy intle®@ty SE@atboryhi EIOHDS ARst CAIIEESATS §HAGG 82"

| i gands _conj ygat i on. an | ] t i . d
neHeved Fo el Ja TGO e eSOl STt fomation an
fLﬂf]titiglgalt &Qi,n'i?laﬁéé vigky thoefehiitie ment abewt eqrtdin D@lue [see Ying et al,

chemstry Hersel et al, Biomaterials, ﬁgios, Noy : sen to fabricate
Bléih2e4dmoRetled 2063]. 3360 pupli¢ add megRepsy sqiyen (}’}faSél'O

ey e St i ienfollowing ligands
e S A o

cgﬁgéét{dfpﬂidbéépoRﬁufézh@ﬂQ)n oder womthievstreasonghly Jughn Bgqugconjugation
andoPET-

-pAA, a new peak correspondi ng N , ¢ al
debitydiusiyeetbe P60 WetpEar B8 19 ¢ RO GpasERE ey Hesel o o
ET- - . - Adbyid films. To neasure the

]g%‘ﬁ fia ffﬁéﬁé&%ggggﬁggr AHG conj ugated ontq the te PET
fil fI@GDt;kb?ti&@ (GRGDS) dn@REDSah Hgirst ( FEte eenpgatef onto the PET-
fromthe filmby acid drol ysis e dhy XPS (Fi

e e e rerrhb opyas f Bl way domfiieachy XPS (Fig
i)l. HOL SR %S5 GrAGhe PRI andlBIPT-pAA, a new peak corresponding to N 1s (binding
energy, 400eV) appeared in the spectra of the PET-RGD, PET-Gal and PET- Hybrid films.
To measure the amount of the GRGDS and/or AHG conjugated onto the films, the
conjugated GRGDS and/or AHG was removed from the film by acid hydrolysis, and the
hydrolyzed GRGDS and AHG quamtified by RP-HPLC with a fluorescence detector after

derivatizing the a-amine on the hydrolyzed GRGDS and AHG to fluorescent substances.
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Example 1C: Dynamic process of hepatocyte self-assembly on galactosylated

substratum

The process of hepatocyte self-assembly on galactosylated substratum was

investigated by using the following methods.
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Example 1D: Cytoskeleton reorganization during hepatocyte spheroid self-assembly
Since the cytoskeleton is a major force apparatus which mediates cell spreading,
migration and tissue formation, the dynamic organization of actin filaments, one of the

main cytoskeletal proteins was investigated during hepatocyte 3D spheroid self-assembly
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Example 1E: Regulation of hepatocyte self-assembly by the balance of celi-cell and

cell-substratum interaction
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applications.
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Acetaminophen (APAP), a commonly used analgesic, is known to cause
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administered after chronic ethanol consumption. Hepatotoxicity stems from acetaminophen
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t han t he nonol ayers (Fig. 9). Higher sensitivity to
%i‘é’@?eé]ﬁprﬁbl; n or afl atoxin-i nduced hepatotoxicity was
al S%ﬁ@&'ﬂrﬁ%ﬁ%@c%ﬁé&' feptyRarig dlltcultdie dﬂﬁﬁ@hl@ﬁeﬁSSshowed similar
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srsfsanivephca sl Flatedepiuged (hepatolxinto s Alastsegai D spheroids
50*]1?pared to 2D monolayers (data not shown), indicating the drug response of the

prespheroid monolayer mimiced the response of the 3D spheroids.



feasibility of stabilizing the pre-spheroids 3D

nonol ayers, so that they could be used in long-term
wappl7iieedsions, by conjugating GRGDS peptide an#CT/SG2007/000147

gal actose ligand onto a PET substratum (RGD gal act ose

PET-Hybrid). The methods to f2&bricate different

b (3T Repatboya PG er B hyhylk RGD/galactose

alﬂégﬁ@léég %%??H“?)Jed in Exé\a )Z | B. Exanple 2A:

Hepat ocyt e attachnent on Bub#at¥k substrata

Hepat ocyte attachnment on different bioactive substrata

( PESinézathe pﬁpm@w 3pEmbydayed iidemsified iy expniniad dyonly a transient stage
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ek@ﬁ@b@@%hﬁamaaﬁﬂﬂmml nellk/lfaf er ent substrata after 2h,

s Feeahis et 1 SERRONE B i Pyes SUed g Rlfflent substrata a

1%0% [1]1s/cﬁ{3%1t1§h0983@e1}1 niigrdz)glat@]ail?]d £6lured (la)ma@msmlham s E culture
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olbon cupplamerigd ETLYORVESEHAG | FmERRL PSR (s Rl pEspighelial growth

lixravl B)Ounits/mi
f%ci(t)r @Cﬁﬁg ghg}ﬁlﬂ o ui%?%ﬁé\%t(dre%%g?%% %gﬁ?ﬁatu di@BcidpB00units/m

o o
peMoll ke, udral I(hagim) strélmgnmmaeh]éﬁ weeg IncHbaed Witk gp ébz at 37°C and

SSEh PR 8, RS B ARSI e s ol v
rERBAD GHE vellst wedaniimied ontlel PHBSe aech rederistted awidh ieesh: culture medium.
exp ressed as the seedin i€ (atita
Inl@r‘?b@;ltlgq: of Berptenytasovr %Eé‘L &6?}52%%1 s aqd, un, %P?cqwﬁ ehils were removed.
S eecfﬁ%)d c@Zt SHEWIMER dnl BffdiShs subsgandfienD, llmtblemrg after the unattached
ni t

Si g 'y enhanced hepatocyte_a tac rrent
delloactd vemaegtswancalcupied basyd o 2 YS% giﬁ%rggﬁ et al., Anal
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LGB T S T e s e o
feddzt W6y pycd by (fr'Eé‘Ei_)lg 1rSDNA-ﬁ1ee RlrmssersatoB0Kepraraieht ggi thaw at 37°C.
lg]glkigo?lcérﬁra?l%g was Je%e%%eﬁ%s@ie@eeﬁ@tdsﬁﬁﬁ &uzﬁm%‘atloﬁ Kt (Molecular

Probe). The attached cell number was determined using a standard curve generated from

the DNA concentrations of known number of cells. Hepatocyte attachment on different
substrata was expressed as the seeding efficiency (attached cell number divided by total

cell number initially seeded).



Cul tured hepatocytes showed different attachnent onto
various substrata during 7 day culture as shown by the
woab@l13&NA cont ent change (Fig 10B). Total DNAPCDSSGRIN /000147
was used as an estimate of vi gle cells attached to
gl(wg)smigztratum[Dunn et al., 2 seb J, 1989, Feb;
: -177; si.rcgi et al, Tissue En 2001, X
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dur i t he dai l h f di :
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b 511996 e akashbl EURE. TiZhe E88UDOGL, SAaye?(4938580dd The gradual
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dp¢reasetafvetal D@T@nwtms ﬁ@ftﬂqed ’ tod& rg@p[ys etp ﬁglﬂ EP’SS E\mng the daily
cg?(;it%eg)glsr@égﬁ eabYRMrS &lﬁéﬁﬂﬂ)@gaﬁ% dMREPBadE S@stratum after day 3, a
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steepedrdp Sn gMNAI cantent| off hapetocptes feuttiwedserb PETagal ivas seen from day 3
~characterjstigs, ..such t '
BRSO R Doy P TR A obsene T
100 sBtaY BINA Fogitehl op hegatadyses phidisieedcam PEASRGDnwge duoto theelower cell

It h
g
HERBYE ALAIRINfIPHERE SttRhneRt @8ANAr PEUGANdir Ddjab oamdrds (P<0.01)
non-spreadi ng aggr egates on PET-Hybrid &R&D Gal =1: 1‘2 .
dnhing @nb sjsek oeljuresThs meyltsshpyed 5?1@5‘63‘6??1 C tplfgr seeding due to
o], p T S
ERALEE SLEUB Nl 1P, S, BARMIE R r oD o
habiidh detached from the substratum Hepatocyte on
PET- Hybrid forned | ess-spreadi ng 2D nonol ayer with

i g%?é%]?;@&k'gﬁgllolﬂcgf%%? %fnl.fﬁﬁg&&géﬁo%\ggﬁgvecsgPftgzéteanover time

subsgr ll‘ﬁ&atn? _i%ﬂfe'ﬁb@ Qrfthd eibstaRme cBMREterificsd8ictbas the presence of
mat ur e Spheroi ds were observed on PET-Gal nost of

anhjughted dicectiedligandmonthepaietide marrhelogirgstsodpered
.n}) gf)jfj‘&gﬁ?{p??%}ljtls::%r s(e‘)eldcacl)?lﬂaﬁ %\;}i\lﬁg%ébd'f'tﬁe &lﬁé@%‘{&?%s at dayel, day 3 and

_ yers h~wer e romth
day! b yafiep celh deeding DWMithio oay dag affer seeding, hepatocytes formed small pre-

hepat ocyt 007/ 000147..30 | d -

FOPIUGoN TEHECE: Pl BRBAPIAYIER dEEIopheS o Ly D o D Gl =L:1)
While fdc?te§ Qlakeld RespFRddirPEERAD andtollapas bubkiramek

beforé cells detached fromthe substratum . The dr\{ tP 8

or phBFTChgas! ChR Isey PRt S FRAEIS PET. FPBFd g PL1-Gal some of

SclBd i Rhed RoBP AR @Sfratum. Hepatocyte on PET-Hybrid formed less-spreading
2D monolayer with distinct cell-cell boundary. Hepatocytes were fully-spread and

flattened on the PET-RGD and collagen substratum to form confluent monolayer.
At day 6, mature spheroids were observed on PET-Gal most of which detached from
the substratum. Hepatocyte monolayers cultured on PET-Hybrid stretched to ‘island-like’

monolayers which were distinct from the fully spreading 2D monolayers of hepatocytes



this was distinct fromthe spreadi ng 2D nonol ayer seen

on PET-RGD and a col |l agen substrata. No significant
wonoEphoeéxsgi cal difference of hepatocytes cul t uPedSaR007/000147

PET-Hybrid with different RGD peptide was observed.

Therefore, only the hybrid sé%stratumvvlth 1:1 ratio

of RGD:. Gal was used for he t ure g }
cukbtredioe PEJeRED pukcalieeen. nlhe C?‘%‘i lﬂ?qné a{srbt Rt hybrid
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interaction than the 3D spheroids on PET-Gal so as to
adhere better to the culture substrata as observed
above. The 2D nonol ayer of hepatocy ltur

c o Exampie ACHBmetnipriAToaed F-rdhese Sistriinlians a8d RPrespign of
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sl?ollj.ll[l 5§ Ha 00, BidndeR bell Bebsg@tunt) thirbétivagthes |tlie-3EIspher01ds on PET-Gal
efaction characteristic of hepat ocytes in

s®ak A adhest betiert foothe asiltiet subsisatp (5 Hbsay @gq)\ga i ?D monolayer of
S p %o C | ra il a5 atq;%@rkl g{:rhtl.?)e}rgtﬁrl SRR Rh D diR e @CHib@8 throughout

nal's were strong in the

%Eeﬁg ancﬁ tidp @ﬁbﬁg/ &4 Esubisgatvy Mtembnl(Fugt h2). H@@p%em@@red as the
LU UG SR L ernoJ; S thap NCelolayer on

38X mmglayelc oh |RETBybridthad less e8P SITBH ﬁ s B gﬁe Y

cgﬁ%ﬁ{] él:ll? Httgx)%bslyqsﬁl o astltegérﬁl;eli? tﬁ% SBBesDi dsheroids, indicating an

ression as ic indicator of d
1&%}&16&;&13|strbﬁgtﬁrcﬁcdenwmbmummmesaqt@at &lhe 3ECmmmelayer apdET-Hybri
found to localize at the cel

exibiedyrerticai f-aspn R BrU BLETTIRE AB Y PL] SoieyiEs el R gp PET-Cal
13(21%‘[?1}%2%&%%%%&2 Gt ﬁﬂeﬁéﬁﬂﬂ @h&gﬁe@s@cmﬁé@yc&mes'rhl \svo The p-FAK

ronger cell-cell interaction in 3D.
JraABhEEss iamstetipheclotds it hapecifigingator of the cell-su stratum interaction.

| 2007/ 00147 3.1 Ex er
T irals A gter el et TRg i TERPkld IBUhHRIARS and very

nDno ayer

Wcig! &2 %Mﬁﬁﬁ aka dhaH0 haoriodaypepéxperienced stronger
aca?l]on ﬁﬁgﬂ%}){?@ gfffigt he ) ﬁh@

cell-substratum interaction and could adhere better to the substrata than the 3D spheroids.
E-Cadherin expression as a specific indicator of cell-cell interaction was investigated. E-
Cadherin was found to localize at the cell-cell boundaries in 3D monolayer and spheroids
but intracellularly throughout the hepatocyte cytoplasm in the 2D monolayer. This
confirms the stronger cell-cell interaction in the 3D monolayer and spheroids than the 2D

monolayer.



peptide in this hybrid substratumis believed to
stabilize the 'nonol ayer' stage through binding with
wOheo711a638gr i n nenbrane receptors and to prevenPCriSs€2007/000147
unfol ding of the 'nonolayer' into 3D spheroids. As
shown in exanple 2B, hepat oc§1es whi ch mai ntai ned a
nonol ayer configuration w thout spheroid formation for
up to 1 week before they detached fromthe s&?gtrat UM er
Exhiample 2DeStobilizadorcomabde-stahlizadon af thepresphegplf pf monoiay
deggrib her.ei n,m jon, the role of the GRGDS
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escription of the nethod) on the hepat oi:yt es :
whi Lhshevreincexlatipiee?B f lepatocyies kvhoeh PRIt a}onﬁ_apzﬂ]@onﬁguratlon
expression of the hepatocytes, gr ' b ‘
wiglhaut ﬁghqrppél m@tﬂor{%?%a}ﬁp ’to. ¥ éyee%e%grg latln%}%’ gétgﬁ{eﬁ%(?rﬁ the substratum
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neeparise pres iy S AR Pl A HER RGNS oBDlah from forming
sﬁgl?fo'ids?UbSt ratuminteractions allow ng the introduction

GRGDS pept i de. Sol ubl - hdded. t
CheTiial v cxvmicd Db it SHERGPIE. Barbbr BUT IR Hate BLISA (see
E%%QQE g@: F({fl (M&oﬁ%e%ds BE thERefdvdvvited Wity wel8)ltured for a

was’ responsi ble for | )
wetlabh PEZLMghid) @-AE-expiession df therispatpeytes gsivallydnesepgsd during the

tide, at I OOV ati 4 i . .
e DAy e AEE DAL e LERAR bEPS 48 e DO Fie
: 1%%&;@%%&\}“ 9@}11{%{%%&%@8# p 3RS Bhstesisisas 1D ephureid] fprmation on PET-

e conj ugat ed ¢ eptide for -
Gl ) dgysFlee SANTIShineh ik bypmsten pf abeariesyias i BET-Hybrid

GRGDS pept i des s f cllit h Rictid® of GRGDS

SSERs) TuRery G PO R b HE T Ro@leih o

pI]Ft?&t nment of the soluble GRGADS for 24h al so caused

sTight toxicity to the hepatocytes. as not.e.si
ﬁl 16 hot

| .e.de .
cel Selubby GREBAEpepsideiviere prided te Hiesp UL ApP ?R%gm?%g’tﬁ?’glpete with
control s. tr . sal > . : S @i sde if GRGDS

GRS e LA e pgshasiarey) e st
whhessheslean: shsiligiak det meybhdreld maixdeyeat um or t he

pre-Spheroi d nonol ayer on the hybrid, substy

2D Ifopiio GREDSopRtEgent anl @&M é’@@ﬁen&?ﬁg?’r %%Ea#]%g nt% F glep atoc;(fite
2E: - Hepat f . il fsefoi@atid0at tondpact 3D spheroids,
gTpleven e T ‘S‘é@f‘? R e ot abl | 76

. .zed 3D
henato0y cempeig ayitr theonorEgaied) STR GDRepetidn o8 (iR g1tes On the
hepatocyte cell surface. Soluble GRGDS peptides also facilitated the detachment of 3D

spheroids cultured on PET-Gal from the substratum. Treatment of the soluble GRGDS for
24h also caused slight toxicity to the hepatocytes as more single dead cells were observed
in the treated samples than in the controls. In contrast, soluble galactose ligands did not
induce any morphological changes of the 3D spheroids on the gélactosylated substratum or
the pre-spheroid monolayer on the hybrid substratum or the 2D hepatocyte monolayer on

collagen substratum.



Total DNA content per sanple neasured by the PicoG een

DNA assay was used to normalize the function data to
weacoewunedsior the cell loss fromdifferent subspcatsa2007/000147

t hroughout the 7-day culture [Dunn et al., Faseb J,

1989, Feb; 3(2): 174-177; Ji a g et al., Tissue Eng,

2004, Sep-Cc 10(9-10);1577-1586]. As i '
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as, tics and therapeutic agents
%ﬁﬁbFﬂﬂlﬁgqﬁgépgnlnogﬁgg?mhlch Is the nodel drug % e
f ol A9whegn hiapBigot 4 i apidt Y4Bt theyalpBnie @ndsgrenggqgf}lojl of hepatocytes

Lﬁ@ge‘i}o @pf:gﬁlf(ﬁeltl? ! cp %&g{/ ﬁér/g{élg ug'gsz ){@fg o 313 P%tb%lo E:uftﬁ’i%dt &€ collagen

s@)@ﬁlathﬂﬁ)v%ﬁm V4 yf @iltuting. ’Errez«ywerel ssgrkificamt dtffel tnees %ng@qy 3 today 7

by IMC. owm in Fi 4 t oc
wl;pqe gl,}p[gg;m a@lgl ABER d;eﬁr&p (i:)lf %Ieﬂag(&%% ? &[lﬁtgeﬁ) Ndecreased
%1 at?}ocﬁf&n’ié" rg504d hBelbmgl ueed EH@ d»fe\oehstmmsve and inducible
SI gni fi'can

hﬁ&i'elmemamyﬁﬁﬂ' twg;lﬁt\é\%élriﬁgg%g’t %5{ Lo Su b%ga?? 2 mﬁll as numerous
ﬁré%"{%&s 564 Ehetfifp%g{?é‘fiéen&s%&n& g%‘éétéfﬁ‘ir{b%ﬁél?%idhdy g@dnodel drug of the

cultured on vario
fSllivsihg aepatdibeiciy fsaxly [Bﬂachéiiatl?ﬂsdé( V.c1992]. auBEY in s RERESTY enzyme

rc;ag;lag]gq?lgg n 3 Ctga ?%énﬁag(leﬁstg% A E?%%\M%&ﬁa%n@ dgghﬂgﬁéﬁ QERUD) and the

as comnpare
aSINBS BF dBe Cline 66 WETo Gl iminde® Dyhapa€odis @hown 1n Fig. 14C,

nonol ayers on col | agen subs atu was,.in

heprioeybesaemivradsen al Srstigta oo ma infaif adesy ?2#61%%&% over 7 days’

Yiﬁ? ¢ ? g%@?%@]ﬁ qe\%\f @l'dé dgrﬁﬂcaﬁﬁlydﬁg&rdwiﬂlg hepatocytes cultured on
eraction

to hi gher toxicity. The
PRI EhIoR LT - Hyybtléﬁhanrﬁgl%ﬂlaa‘?ﬁeft FM#B¥hen was carri ed

out according to the nethods described in Exanple | H
Figure 15 shows the survival ratio of hepatocytes

ulture di fferent subst .
e RS2 A SR R A o
48h (Fig 15B) bef or ecudtuiredioh ivagioti eubdiSitai abi | i ty

assay. In a drug-free condition, hepatocytes7 000147 h 3MC
33 CltHetetﬂ'feedoﬁitepatoltommt)sctauattC’ab}shBMdaIQdea“ro adumigystrgtion wit

in MS viability assay | ndicat h d
edB) la,epeiiocv'ieam?m‘?l't‘x}?f%\é\*‘é“rgﬁﬁ yb?c‘gl# %’“E%ﬁ b oith 3D spheroids
SRndiat LANPEdasAr khehh eﬁéiiafbcyte monolayers on collagen substratum was

investigated. The co-administration of 3-MC, an inducer of CYP 1A was conducted as the

evaluation of drug-drug interaction which would lead to higher toxicity. The hepatotoxicity
testing of acetaminophen was carried out according to the methods described in Example
1H.

Figure 15 shows the survival ratio of hepatocytes cultured on different substrata after
exposure to APAP or APAP co-administered with 3MC for 24h (Fig 15A) or 48h (Fig
15B) before conducting the MTS viability assay. In a drug-free condition, hepatocytes
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11. The surface according to any one of claims 1 to 10 wherein the peptide group are
is from the group comprising an RGD peptide, a YIGSR peptide, and a GFOGER peptide
or a combination thereof.

12. The surface according to claim 11 wherein the RGD peptide comprises the amino
acid sequence GRGDS.

13. The surface according to any one of claims 1 to 10 wherein the peptide groups
consist of the amino acid sequence GRGDS.

14. The surface according to any one of the preceding claims wherein the surface is
porous.

15. The surface according to-any one of the preceding claims wherein the surface is
non-porous.

16. A device comprising a surface, said surface being according to any one of claims

1to 15.
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25. The process according to claim 24 wherein the grafting of the second polymer
onto the first polymer comprises plasma treatment and/or UV-induced graft
polymerization.

26. The process according to claim 25 wherein the first polymer is graftable by
means of plasma treatment or UV methods.

27. The process according to claim 26 wherein the plasma treatment is argon-plasma
treatment.

28. The process of any one of claims 23 to 27, wherein the step of coupling
comprises:

¢) activating the polymer substrate to form an activated polymer substrate; and
d) reacting the activated polymer substrate with a first reagent comprising the
‘sugar group and a second reagent comprising the peptide group to form the

surface.
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35. A bioreactor for culturing hepatocytes, wherein said bioreactor comprises a

surface which comprises (i) a polymer substrate and (ii) sugar groups and peptide groups
coupled to said substrate.

36. The bioreactor according to claim 35 wherein the bioreactor is in the form of a
membrane, a tube, a microtiter well, a column, a hollow fiber, a roller bottle, a tissue
culture plate or a microcarrier.

" 37. The bioreactor according to -claim 35 or claim 36 wherein the sugar groups
comprise galactose and/or lactose.

38. The bioreactor according to any one of claims 35 to 37 wherein the peptide
groups comprise an RGD peptide.

39. Use of a surface in a bioartificial liver aided device (BLAD), said surface being
according to any one of claims 1 to 15.

40. Use according to claim 39 wherein the BLAD is a bioreactor.

41. Use according to any one of claims 39 or 40 wherein sugar groups comprise
galactose and/or lactose or a combination thereof.

42. Use according to any one of claims 39 to 41 wherein the peptide groups comprise
a RGD peptide and/or a YIGSR and/or a GFOGER peptide.



