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Summary Disclosed is a surface, wherein said surface
conprises (i) a polyner substrate and (ii) sugar
groups and peptide groups coupled to sai d substrate.
Accordi'ng to a first aspect, there is provided a
‘surface conprising (i) a polynmer substrate and (ii)
sugar groups and RGD peptide groups coupled to said

subghale, th%?é’fﬁln@ssseﬁ'ﬂb §étﬂﬂfcy@rs@h$i‘51d§ gnipxaitakdue to the poor mass
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process for providing a stabilized culture of
Iggﬁgﬁ ioggtses clon'pr [ sg g p%ow ding a surface which

a polyner sugar groups and

peptide groups coupled to the polynmer substrate;
i ncubpistipgedtib e sstfadeaodetein sdidsyfes eoraprisss (i) @p)gb@@grts@lgstrate and

invitro for a time and d
(i iz S A BpoRtHE EOBACOIPLE P PRERr f aco. and
cul t UM:&]) ih ‘1?0 FRAt RN e s phbvaded zﬁﬁﬂﬁl&@ BbmpAsibf€) a polymer

surface'to uce a stabilized culture of
fhibpiadte cwtl o) sugar groups and RGD peptide groups coupled to said substrate,

wherein said sugar groups comprise galactose, a galactose moiety or a combination

thereof at a sufficient density which forms a 3D hepatocyte monolayer and wherein said
RGD peptide groups co-conjugated with said galactose, galactose moiety or combination.
thereof stabilize the 3D hepatocyte monolayer. ‘

According to another aspect, there is provided a device comprising a surface
according to the first aspect. ' |

. Alsa disclosed is a process for providing a stabilized culture of hepatocytes,

comprising: )

providing a surface which compnses a polymer substrate, sugar groups and

peptide groups coupled to the polymer substrate;
incubating the surface in the presence of hepatocytes in vitro for a time and under
conditions suitable for the adhesion of the hepatocytes to the surface, and
culturing the hepatocytes which are adherent to the surface to produce a

stabilized culture of hepatocytes.

According to another aspect, there is ;ﬁrovided a process for providing a stabilized

3D hepatocyte monolayer, comprising:
(i) providing a surface which compriscs a polymer substrate havmg sugar groups

and peptide groups coupled thereto;



According to another aspect, there is provided a
process for providing a stabilized 3D hepatocyte
nonol ayer, conprising: (i) providing a surface which
conprises a pol yner substrate having sugar groups and
pepti de groups coupl ed thereto, a2a (ii) incubating
the surface in the presence of %epatocytes invitro
for a.ti nd .under. condjtions suitable for.the .
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sur f ace.
b) 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.



The step of activating nmay conprise reacting the

pol ynmer substrate with an activating reagent to
attach activating groups to the surface of the

pol ymer substrate. The step of coupling nmay
further conprise a step of guenching the polyneric
substrate with a quenching réagent, thereby quenching
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The device may be a BLAD. The BLAD may be a bioreactor.

According to any. of the above aspects, the polymer substrate may comprisg a
thermoplastic polymer, such as a polyester. The polymer substrate may comprise a
polymer which is graftable by means of plasma or UV methods. In one embodiment, the
polyester is polyethylene terephthalate. The polymer substrate may comprise & first



~3a polynmer and .a second polynmer galled to the first
pol ynmer. The sugar groups and peptide groups nay be
coupl ed to the second pol ynmer. The second pol ymer may
be pol yacrylic acid. The sugar _groups may conprise at
| east one nonosacchari de group?aln one enbodi nent the
. monosaccharide is a hexose, such as gal actose. In
yet anot her enbodi nment, the gal actose may be a
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be derived naturally or synthetically. The peptide group may be RGD peptide and/or a
YIGSR peptide and/or a GF OGER peptide. The peptide group may be RGD peptide, such




Brief Description of the Figures A preferred

enbodi nent of the present invention will now be

descri bed, by way of exanples only, with reference to

t he acconpanyi ng figures wherein: FIG 1.

Schemati c di agram of |igands &Lonjugation onto the

PET- pAA (polyacrylic acid)filin by a 2-step reaction_
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oE PV R PR RAOLH) CROTRA DA AP el TRyt PR PET-fvbrid (@
(%Cb oA SREEALyISres df RBIYRetidy eito fthy FETDAAC; (B) Conjugation
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FIG. 6. p-FAK and E-cadherin expression and distribution during hepatocyte 3D
spheroids formation. (A) Dynamic changes of p-FAK expression quantified by ELISA
during 3d spheroids and 2D monolayer formation; (B) Western blot analysis of E-Cadherin
and B-actin expressibn; GAPDH was used as loading control. (C) p—FAK/E—Cadherin
double staining of conventional 2D monolayer, pre-spheroid 3D monolayer, 3D spheroid.

- FIG. 7. The polarity and tight junction formation of hepatocytes in conventional 2D
monolayer, pre-spheroid 3D monolayer, 3D spheroid (A) double-staining of bile




junction protein ZO 1 and basol ateral marker CD 143.
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corner of each processed image is a quantitative
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Throughout this specification, unless the context

requires otherw se, the word "conprise”, or

vari ations such as "conprises" or "conproni sing"
WOMM1138¥4under stood to inply the inclusion omca%@ﬁaw@an47

step or element or integer gr group of steps or

e{enents or integers but not” the exclusion of any one

tep.o ement .or, i nt 5
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necessari !Iy directly fromthat source. As used herein
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peptide that conprises t Pefipition® aci d resi dues
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“.comprises the aglino acid er)e(:};i lTetS tAQg-‘bl?r-e}Ps%F °§éﬁhﬁ§s Ccléh{aﬂﬁﬁ? RED may
specifically bind to-integrins expressed on the surface of cells via RGD recognition sites
(Plow et al., J Biol Chem, 2000). An RGD peptide may comtain one or more amino acids

flanking the RGD motif.
As used herein the term “3D spheroids” shall be taken to mean the formation of

cultured hepatocytes in a 3D architecture, usually in the form of rounded aggregates
wherein at Jeast one of the following features is present: (i) well established cell-cell/cell-
matrix interactions such as the polarized expression-of E-cadherin, (ii) possessing activities
specific to the liver, (iif) exhibiting membrane polarity and (iv} posses'sing ultrastructures
which are presented by hepatocytes in vivo in a greater extent than hepatocytes cultured on
a collagen substrate.

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 hepatocyie 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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whisg Riegmibcathesietht indmgon PHOBYes? SELa§ qosApKIsEi) at least onc
pollywlrn%ra Q{ﬂ)’strate, such as a polyethylene terephthalate film, and (ii) sugar groups such as
galactose and peptide groups such as RGD peptides which are conjugated (coupled) to the
. polymer substrate. - The RGD peptides and galactose on the polymer substrate enhance cell
adhesion to the substrate and liver-specific activities as described herein.

Pretreatment of polymer substrate '
The polymer substrate may be activated prior to coupling the sugar groups and

peptide groups thereto. This activation may occur by implementing a pre-treatment step
which allows the substrate to react with the sugar groups such as galactose and peptide
groups such as RGD peptides and form the surface. The substrate may be activated by a
" chemical reaction, that being the addiﬁon of an activating reagent. A suitable activating
reagent may have a functional group capable of coupling to the polymer substrate and a
separate functional group capable of reacting with the first émd second reagents, which
contain the sugar group and the peptide group respectively. Altematively it may be capable
of activating the reaction of the first and second reagents with the polymer substrate. In one
embodiment, the first and second reagents at least comprise one amine group and the
polymer substrate has surface’ carboxyl groups. In this embodiment, 2 suitable activating‘
reagent is N-hydroxysuccinimide. This reagent is capable of reacting with surface carboxyl
groups on the polymer, and may subsequently be displaced by amine groups on the first
and second reagents in order to couple the first and second reagenis to the polymer
substrafe 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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peptides (or derivative thereof) having a thiol group via a RJ[lehael type addition to produce
an N-hydroxysuccinimido thioether group.

Tt will be understood, however, that numerous other functional groups and activation
strategies commonly employed in the art {o specifically immobilise biological molecules to
polymer surfaces may also be employed. Other coupling reactions that are well known in
the art may also be used. These may comprise any of the well known methods of
introducing chemical groups into a molecule or onto a fanctionalised solid. These include
nucleophilic substitution of a benzyl halide (e.g. chloride or bromide) group, “click”
chemistry etc. Suitable click chemistry may inclade for example cycloaddition reactions,
such as the Huisgen 1,3-dipolar cycloaddition, Cu(l) catalyzed azide-acetylene
cycloaddition, Diels-Alder reaction, nucleophilic substitution to small strained rings (e.g.
epoxy and aziridine rings), formation of ureas and amides and addition reactions to double
bonds, e.g. epoxidation, dihydroxylation. ‘

This invention is based on the surprising finding that hepatocytes which are cultured
on galactose-conjugated bioactive- substrata undergo 2 cycles of cell-aggregation and
spreading to form large spheroids. Between the first and second cell-aggregation phases,
there is a cell-spreading phase in which. the hepatocytes attach to the substrata as
monolayer but exhibit many characteristics of the 3D spheroxds such as well-established
. cell-cell/cell-matrix interactions; high levels of metabolic, synthetic, detoxification and

excretory functions but without the above-described limitations of the 3D spheroids such
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balance between cell-cell interaction and cell-substratum interaction through cytoskeletal

reorganization. During different stages of hepatocyte spheroid formation, hepatocytes in a
pre-spheroid monolayer stage possessed strong cell-substratum interactions and cell-cell
interactions when compared with a conventional hepatocyte 2D monolayer cultured on
collagen-coated substratum. Hepatocytes in this transient pre-spheroid monolayer stage

- exhibited improved cellular structure and polarities, enhanced cell-cell interaction and
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1996; 8:121-159; Lu et al., Biomaterials, 2003 Dec; 4(27) 48 3-49031. A variety of natural
or synthetic polymeric substrata have been employed for hepatocyte cultures (e.g. plastic
* urfaces or membranes coated with extracellular matrix proteins such as collagen, laminin, -
fibronectin- or conjugated ‘with cell adhesion peptides, such as Arg-Gly-Asp (RGD)
ashiro et al., J Cell Physiol, 1991, Mar; 146(3) 451-459] and Tyr-IleQGly-Ser-Arg
[T )
(YIGSR) [Carlisle et al, Tissue Eng. 2000, Feb; 6(1):45-52]). Hepatocytes anchor tightly fo
these substrata, and exhibit extended and spread cell morphology, with low levels of liver-
specific functions. likely due to hepatocyte  de-differentiation [Ying et al,
Biomacromolecules 2003, Jan-Feb; 4(1):157-165). These substrata have been extensively
used for drug screening in microplates [Gebhardt et al., Drug Metab Rev 2003, May-Aug;
35(2-3):145-213; Coecke et al., ATLA 1999; 27:‘579-638; Kikkawa et al., J Toxicol Sci
2005, Feb; 30(1):61-72] as well as for BLAD bioreactors [Park et al, J Biosci Bioeng
2005, Apr; 99(4)311-319]. Galactose-conjugated substrata are atfractive alternatives for
hepatocyte attachment through the galactose-asialoglycoprotein receptor (ASGPR)
interaction.

An embodiment of the invention relates to a bioactive substratum by co;;_iugaﬁng
both RGD peptide groups and galactose 10 a polymer such that hepatocytes can anchor
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 spectro scopy (XPS) and reverse
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easily and readily incorporated into the current microplate-based automation platform for
high-throughput drug metabolism/hepatotoxicity screening as an alternative for collagen-
coated substratum. As exemplary drug hepatotoxicity study indicated, the 3D hepatocyte
monolayer configuration provided improved in vitro prediction of the xenobiotics
pharmaco-kinetics/dynamics data that better recapitulate the in vivo biological responses.
This hybrid substratum may also be useful as a cell culture surface of a bioreactor for a
hio-artificial liver device to obtain a 3D hepatocyte monolayer with better cell attachment
and function. ' 7
| With the effective adhesion of primary hepatocytes to the stbstratum and 3D cell
characteristic, the prespheroid 3D hepatocyte monolayer stabilized on the RGD/galactose
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pharmaceutical industry. The routine practice of preclinical and clinical drug ADME/T

evaluation is apparently inadequate, as evidenced by the yearly withdrawal or severe use
Timitation of marketed drugs due to unexpected adverse effects. As the parenchymal cells
of liver, the liver being the main organ ‘of biotransformation and detoxification of
xenobiotics including drugs, a hepatocyte based drug screening has been widely used to
evaluate .the metabolism and toxicity of the drug candidates. Most of the current
hepatocyte-based high throughput metabolism/hepatotoxicity screenings of xenobiotics are
done by using hepatocytes cultured on the collagen type I coated 96 well or 384 well
microplates due io the easiness and consistency of the substrate preparation. Several other
in vitro culture configuration have been tried to improve the functionality and biomimicty
of the hepatocyte-based system, includes 3-D microcapsules, sandwich cultures, 3D
spheroid culture micro-cartier culture, perfusion culture inside bioreactors and co-culture
with non-parenchymal cells. However, those complex systems suffer from a technical
complexity which is not easily adaptable to the standard high-throughput screening
platforms, which provide automation and instrumentation which support parallel processes,
such as plate-handling robots; high-density microplates and plate-scanning readers for the
dye-based assays. | |

With its chemnical and mechanical stability and quantitatively controllable bioactive

cues, the transparent hybrid polymeric substratum provided herein for producing a 3D
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This enables monitoring of multiple assay parameiers (such as mitochondrial frans-
membrane potential, intracellular free calcium, plasma membrane integrity) in one step
whilst elucidating cellular events and responses in the 3D hepatocyte monolayer which are
indicative of hepatocytes in the liver.

- (iv)Microplate based metabolism and toxic studies

The spheroid-mimetic properties, monolayer structure and effective attachment of
the hepatocyté 3D monolayer cultured on hybrid substratum make the hybrid substratum as

described herein a superior alternative for a conventional collagen-coated 2D substratum



(h) Drug Studies ADME/ TOX drug properties, nanely,

absorption, disposition, netabolism elimnation and

toxicity, are inportant drug properties relevant to
wotbeiesui tical for clinical success. The ac®UI&GRO07/000147

predi ction of drug ADI vl ET.Jemai ns a major challenge

for the pharmaceutical industry. The routine practice

for Réga&afﬁlqagé@a@bg@mn_@ ki asahiqﬂigi@-@?mf?ﬁv@m gnd bepapgoxicity
apparently-i nadequate, as evidence , L

testing tahd ﬂaWate@O%%@%?@@%‘équ}cﬁ?-@ﬁ%Bwnz’% the'é ‘%’?’Za? g?%a§°§°f*f°fty

stu@ggii‘ g&é\?{] ﬁ'xl)égag{r;&y@%l ﬁgﬂ?&i@& 5 gkl Qetigsubicatiieshpaed nobngnsensitivity

ver being the main organ of -
towhide WParPsthen hapetoomteanditwed ox c9liage®i on of xenobi otics

i ncludi ng drugs, a.hepat t € G864 @adligagPET-Gal to
hé@leb@%li‘?%vﬁeﬁﬁqvtyugfege agocg\?/éaélcglgtg%at %eﬁlrgrgt 3bol i sm and
ace%%@éﬂ@@%ﬁ)ﬁﬁxﬁw gepastdiiday esghtiMostausstl byrbe dighpefytochrome
epat ocyt e- based high thro ghgéh oht that the ‘amplified effect of
P45 {EE B merBIE SKPERES gtcr1 PH%gs OF xenobiotics
,hep%%%xgcq 8 ?gtﬁésicggldﬁmgg&gyhﬂac@u(mpdnight bhedue to the higher
agen ty

pe | coated 96 well or 384 ) .
BT FT Eb et dcprieries e B Eoa DIgHSET-Oul

the substrate preparation. Several other in vitro

culture configuration have been tried to inprove the
~functionality and bi oni niE¥am@Ies t he hepat ocyt e- based

system includes 3 -D mcrocapsul es, sandw ch

| tures, . j Lfsdtioao¥aGatspRerobl31d hepatocyte
F\E’i"r ]andgﬁlﬁ%ﬁg’h?‘iﬁg %félr%#orseagt or :q&aﬂé_;go- culture
Wi th non- par monbiayer stegd o galpgigexjated sy "Wonpl ex
systens suffer froma technical conplexity which is
not _eagi ! Al Sed@nldPPEY ARSI aFtediveith hérytivghidut
screeni a%ﬂ?egf@or (Wnal C r Qvide 0 ' di 100 i
i nBiaxipeneEeish Pﬁ&%@ﬁ @ﬁp%f)%h&'ﬁig’?eal(%f) ?)irg%éc gfsfs%g; ' I'_Lm "
midHel @ e@»xﬁﬁs-eg%ﬁ%l ith@dfe‘ﬂbﬁr_tIﬁc. dficgimhﬂﬁg?ilﬂ-ylt- The galactose ligand,
m croplates and pl at e-scanni ng. r.eade or the.. »T
-6 -chindexp Sagaactqyyranagsids @ﬁ&iﬂ@g\’? v @Wg*ﬁﬁs%g? according to
‘ stabi lity. an i tat] RhEGorklies DOG3atdn-Peb; 4(1):157-
the g ?ég%‘élqugR%g’gdﬁéh{%f%%%’%gl ymsriOc SUbSLr atUmMy 1 ot a
16BF PuideRAMREr B 1T Pept ProvaincReng 1Q9BDMap43(3):477-485; Welgel ©
2007/ 136354PCT/ SG2007/ Q00147 & (GRGDS
CarkohggduResy 1844 ’/Pé%dgﬁya“u n& Ef'%r% te ?ﬁ?@“ﬁﬁé@??ﬁgﬁt ( , )
W |bg)ﬁgﬁlmw IR Bikd] O]l Pl hemichls were purchased from Sigma-

t hroughput drug netabol i snf hepatotoxicity
AlddicleSnpappraunless aharwisssiaisde for col | agen- coat ed

subsyratum T &R{ a%fgﬁ | PR ErfileOsdfge vith enmodified
is%’%@?‘ﬁﬁ%@&o I&%’%i e?éng]ra%sglg in vitr% s _ ol
profogsi EYihgnetoﬁl,tmbmaermbﬂmﬁqsszmrmggb; 4(1)157-165; Gupta et al,
ki net | cs/ dynami ¢ b ) s ani-t ks &), Briefly,
B
PAF BB Svel T fitd %gﬂu»; ith QtrifReantircimaaphinestharioy bitiecpir-dried PET strips

substratum i n - . ] . .
were subject to argon plasma treatment which was carried out in SAMCO Basic Plasma

Kit (Samco International Inc.) operating at a radio frequency (RF) of 13.6MHz. Argon was
imrodﬁced into the chamber in the SAMCO kit at a flow rate of 50m1/min with chamber
pressure maintained at 20Pa. Plasma Wés 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
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solution was aspirated and each well rinsed 3 times with PBS.
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To meaéure 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
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derivatizing the o-amine on the hydrolyzed GRGDS and AHG to fluorescent substances.
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The process of hepatocyte self-assembly on galactosylated substratum was.

investigated by using the following methods.



WO 2007/ 136354PCT/ SG20071000147 19 The graft density
of carboxylic groups on the PET fil ns was determ ned
by a colorinetric nethod using Tol uidi ne Bl ue
wWOoDE19633¢ previously reported [Ying et al, PCT/SG2007/000147
Bi omacr onol ecul es 2003, Jan-keb; 4(1)157-165; Uchi da
. et al, Langnuir, 1993; 9:12771- 1124]. XPS was used to
qual it at iV uan fatd hdiga R AdVillCo-dish Kit
dofy SR By Gl h IR BB it

d
(N SIS VM dtherbpdl witbifee srlaa et RET Rdm et gy in Example
Iﬁ?%meg%ggalsﬁggiap&seh V%tgh%ggé%:)al d?etgitﬁl Hohe Béi@(;mreﬁ‘fpfﬂr. ?glg special dish |

e scan s'pect rumo .
us@d Wad & BEMREESH. iHepativpiae svepemkdedoants dwrasingiasylated fdm & a density

bi. ndi ener 85e) nd .0 | Walel :
BRI APzt 08 Bl Y Ry o
coﬁﬁ‘d&@(@lﬁﬂ ]?_ieﬂs@ﬁ |'I$:|ms"ﬁ&iﬁi<ﬁpimﬁgemaﬁ IndpateEsfte Em;;htjlbgm@ﬁ qgptuped every
‘top, .l eft_panel.) shouwe e..SaNne .pe t
S piirising WX RBRES of 2res MePor RGBT RELI PGBt F ol 3 daye. The
dyﬁé&ﬂﬁedﬁal{lg% WSE@?@Fabg% hirSteht}A% bfthei sfpieBEﬁg géhﬂell‘uiyi wag qQuentified as
In pristine ilm e e .graf.ti ng_densi : '
* theyingeltanea eI QBT GE0° R SIPEY gl GfiREing Process
Prgé.{e? '3?@ ERITRLEE W §%hsBANR, colafipEellculdled b Mbribfibratitic hittiahe area of
et 'a

, Langnuir, 1993; 9:1221-1124]. PET-pAA
thepisssecgding oflls # ®ar boxyl group densities from 8.2+2.3

t 0 3268 224, 2HIRA| QTR SOUhiHIRCHG YRR TS WAE Rieh pobiixed with

ini'ti'al concentratron of the acrylic acjd non r. ¢ ethanol
. ossratétumiderforml 19 shydratien W'?—@P@ﬁé@wﬁﬁm%r?sgr?‘% ries of ethano

erii ?%%”7%% C gdtf/é)g g‘ﬂ%g&gﬁﬁg +@8l Aeh @§fcd|ippRRdSied for 2 h in

expect ni fi1cant differences
abisluleesahol; yiestdDnp hdrass duibfaad mapitareoaisd Winelaiemg (JFC-1600,

i\nt enance when the.densitiies: | Sabh ahid TSM-
e e e b R R
7480F yiB0g)aci d monomer sol ution was chosen to fabricate.

PET- pAA Wi t h car boxyl 0 Sit Yy, Qf : SRR
" nno? PHOYH égg'ggﬁeg%}yn glé? q‘c?%%n%éx‘beg r?jc%%gct? ?%%Hﬁrﬁgrpholo‘gy and
sulﬂéﬁfdtm§ ebdaisic A8Ghkwh gy emﬁécalﬂma‘:_nmilasi;iﬁw 'ana@&é&;ga}ﬁ)wnﬁisgm images
i gand conj ugation density using the r R }
ot - cFarkodies. ape guvapes it i beryin) FRPeayfoy gretes of el
ag%ke%ﬁ@%ﬂa Ed'( Bdrth mARRS s Mds.%ﬁ%lé)heﬁﬁﬁ&yt@%]ied BEhis galactosylated
eptide (CGRGDS) an or Gal ligand (Al wer L1 .
s@sﬁ?ﬁ@g{g@ﬁogﬂ sqxﬂg ag@qgat%sﬁgn? ne Eé{e&_} %ga’.tocaﬁe& within 12 h with
regegéﬁegl%ﬁulc FRRIUGAR HRN s@hstiabu@tanosigiisn CoNfthe nedls biacilitated the
> (Fig 2). I'n contrast to pristjne PETcand PET'g?AAt which
establigmengatd eoileell promiiciy 20 QRITLCHEBF ing Sell gigercestes
gré%%ﬁa?n@rg%%@%ﬁa}%t‘ﬁ%ngﬁﬁ&t chisefs hike Plhy ROR: island-like clusters

brid films. To _neasure,the anpunt
wakrtdne HEREDSMEAdirgto KB wonglarpss adthdhe sraxppanm spppiratum coverage
the canj ugat @G&% QARG R ! S0 of fiRMeddieof the pre-
w?%“rfﬁﬁcg?l'sacﬁag%/ ro ys?l%g%/na%g t he Q_}/élrol yzed aGRGDS_égnd
sphelGidimantlbfractrb yir@Bhedrb EoMiint raulilayers a5¢ epppacted into mature and

S e S S A e igbt e,

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 filaménts, one of the

main cytoskeletal proteins was investigated during hepatocyte 3D spheroid self-assembly
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hep%ft%‘c?y{l%fs neoHBES caﬁlpgcg crald§ ngerr%foalﬁg‘ed on PET-Gal some of
which detached from the substratum. I—Iepatocyte 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
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and T nducrl bl e haefroprotei n enzynes that netabolize

many endogenous substrate as well as numerous

xenobi oti cs and therapeutic agents including
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f OW ng hepat ot oxi crticriﬂst udy [ Bl ack SD, Faseb J
11992]. CYPI A hepatdnytesicubfuresd ahbipativesuBEram, o o

tvg&’hd{ﬁ% | hmioh ahyeplopaser anenhafinmCiiationy tais i hsteved that the

( ROD) and the activity of the nzme'sﬁ- be.

hepammgegu]byecgowﬁ_li’fpgy GFPerifnge; SFon: qéehﬁgpa@r?ocg cglés d weaker

celE Y] el SRS DDAk Soich Bl eliored hEROBytcs.on
PViTy ‘over '/ days' culture. The indyced | e A

PEggf_ybgggn Iniaén:tamtiﬂy céll gieepholpayh The pRIBISAHET 15% glaiﬁglﬁ-ﬂybﬂd
- and PET- i . : ‘

g b BB g bl amosbsppagn Pt o
so ;ﬂﬁ Etg%?{act?é(bé&éryt% Eﬁe hfellfa&b saldtes gublsarved abpvey dibe g monolayer of
a e hal :
et i s T RSt SRS onghons
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m@fgﬂﬁ ggeﬂ he%f] gglg—;sg‘t{ism {int@?giﬁqjl_. ToaPR savoljprer on PET-Hybrid
B
incﬁéeﬁﬁ%l &rong cell-cell interaction characteristic of hepatocytes in vivo. The p-FAK
distribution as intracellular clusters is a specific indicator of the cell-substratum interaction.
The punctate p-FAK cluster signals were strong in the 2D and 3D monolayers and very
weak in the 3D spheroids (Fig. 12) confirming that the 3D monolayer experienced stronger
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.



1H. Figure 15 shows the survival ratio of hepatocytes

cultured on different substrata after exposure to AMP

or APAP co-admnistered with 3MC for 24h (Fig 15A) or
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5. The surface according to any one of claims 1 to 4

wherein the pol ymer substrate conprises a first

~_polyner and a second polyner grafted to the fast

WY/ ragssd _ 6. The surface accordi ng tRET/SG2007/000147
clairn.5 wherein the sugar oups and peptide groups

are coupled to the second ngymsr 7. The
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;g{ yﬁlggmg%' %e&%t(%cgfféé@cg]? 0 Aﬁ'f}%%petfnge H‘ﬁoﬁ&ﬁ%r&qmtrata
gg ras@eaﬁ@' QbR 8Ndaisiyed 8b Edpaiodtie Jm@nmlazzemfmx BET-Hybrid

. _ tose noiety is |actose.
weslinf@tgatadcording to. any one of _clains 1 to 8

f u | tglem Er@_{ %Iﬁh Ip@ﬁsgnep\{% %&&PB& @& P1@o(%mm efhi tes used to.
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nometioe d:lertgmttmnc:lam ton @ cqume i the gqi]elopg@rgébﬁfﬁalgt subsieata throughout

the?-flgg gﬁ e%lzl n?as% '.T dl@&@qﬁwcﬁmcﬁ%7 Hang etlﬁ Tlssue Eng,

ordin any one of clainms 1.

20@4)8@@4()&“1@69 E@)ﬂ:ﬁéglﬁﬂd}e groups conSi stof the. am no

d
aCI fs s g e%ﬁg qi%)haéld 4%2 thg ha?bu?x%.&f %{‘élglrug? ?}s@&‘%&g of hepatocytes
culwéd ae PET-GalPand iRES- Hybnd wa3 highhe tsur fwse adsddphgrollagen

suﬁsgra%g%a\%?g&@&gp cult%}lglr nﬁi&%é ";&gra él\]%m%%tedlﬁerteﬂ&s%h{ 845F3 to day 7

ce conprising a
Wh%fé" faﬁﬁxﬁnﬁcﬁﬁlr Ghird0 st@e@dly dfnhepafoog’teal ctutedt @nl8pllagen decreased

f
drwc@g sv' et Padfs MeR s el othg gﬁtﬁtﬁgea' fa_ inducible

ha T s that metabbfize bRy dadod o%ﬁmsrﬁiata twell as numerous
%@5 I m 14 or 15 wherein thcﬁ dgw cegk,fﬁ 3

xenigbjotich enddgrapeutRagsig dipg SREFAT A RS LR fhRgie] drug of the
FollAvAaRs hepotBkitly ¥hP [B1adB€PH Faseh 1, 1992]. CYPIA is the primary enzyme

responsible for-the metabolism of 7-ethoxyresorafin-O-desthylation (EROD) and the
activity of the enzyme is known to be induced by 3-MC. As shown in Fig. 14C,

hepatocytes cultured on all substrata could maintain induced EROD activity over 7 days’
culture. The induced EROD level was significantly higher with hepatocytes cultured on
PET-Gal and PET-Hybrid than on collagen substratum.

| Example 2F: Response to the acetaminophen-induced hepatotexicity by hepatocytes

cnltured on various substrata

The effect of hepatotoxicity caused by APAP alone and co-administration with 3MC
on 3D hepatocyte monolayers cultured on PET-Hybrid as compared with 3D spheroids
cultured on PET-Gal and 2D hepatocyte 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 htemcﬁon 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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' tox%cit & Hhé’%ﬁ%ﬁ*ﬂ'mgal (survivaltio %) pro PETSbrilofsuivivgl rago 89%). A

claim herein the grafting of the seco oly
v S 1523 S B b
and{ or. -in - - . .
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481[1) g& ote 15 lfBr%M Ab&p 1@fidOmost of the cells on different substrata.

, The amplified effect of hepatotoxicity of 3SMC when coadministered with APAP was
not shown clearly at 24h but was significant after 48h. Almost all cells died when exposed
to 10mM APAP plus 3MC on different substrata. When exposed to 2mM APAP plus 3MC
for 48h, hepatocytes cultured on PET-Gal (survival ratio 19%) and PET-Hybrid (survival
ratio 28%) were almost three' times and two times more senmsitive respectively to

hepatotoxicity than hepatocytes cultured on collagen substratum (survival ratio 48%).
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‘ﬁﬁﬁﬁﬁmwmaﬁfﬂb 29 further conpr|3|ng a YIGSR peptide, a . -
g@ﬁﬁe&%ﬁg%d&c&am@mc n@%f'c?ﬁ’nst ?@rﬁaﬁemn the po:y%ﬂea sébstrate
- bi oreac or cujturi atocytes, Wierein sa
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of “&|7ak meridck acdbBding to claim.5 3Mereifiige Higer @aus@nd aegide diongs are
c&ﬂmgnghgggémw@gﬁﬁan the bioreactor is in the forn1of

a col um,

rane a mcrofiter well,
hol {-die FV'@&P aw&"q"‘@lf? gpimy@wpgrain the sppand @B‘Y‘Bﬁ ttomp@%wa'vwﬁc
afig. a n1crocarr|er 33. Use of a surface in a

D1 dp el Unfl-Blucdliferiy awsr% GOk 6B WSS e

ace I'S accor 0 any. one. clal
lactose.

" 8. The surface aqx:ordmg io. any one of claims 1 to 8 fur’ther comprising a YIGSR

" peptide, a GFOGER peplide ora combination thersof. .
10. The surface according fo cialm 2 .wherein the RGD peptide comprises the amino

acid sequence GRGDS,
11 The surface-acoording to any one of ciaims tio 8 wherem the RGD pephde groups

consist'of the amino acid sequence GRGDS.

42. The surface according ‘to_any one of the claims 1 to 11 wherein the strface is -
porous. . ‘ o
13 The ‘surface according to any one of the claims 1 to 11 whersin the surface is non--
poFoUs. '

14. A device compnsmg a surface accordlng to any one of claims 1 fo 13

15. A device for growing hepaiocytes, wherein sa:cl dewoe comprises a surface
according to any one of claims 1 to 13. '

186. The device according to claim 14 or 15 wherein the device is a BLAD.

17. The device according {o claim 16 wherein the BLAD s a bioreactor.
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34. Use according to Sim 33 wherein the RAD is a

bi oreactor _  35. Use of a surface according to any
one of clains 1 to 13, wherein said use is selected
fromthe group conprising high-throughput drug
testing in a nicroplate-bas8d platform high-content
screeni ng, hepatotoxicity testing, netabolic testing,
useld. A pfdcads-i padvedingl :ostatifizéd CBahepatodee mdestiyee Soapiahar

na ﬁ%m@ aass%tgacgl &rﬁ%%kgns%s a’%%mgre&b§g‘?eeﬁawng %ﬁéa@ﬁmups and

peptide groups coupled thereto;

iy incubating the surface In the presence of hepatocytes in vitro for a time and under

conditions suitable for the adhesion of the hepatocy’tes to the surface, and

(i} cutiuring the hepatocytes which are adherent to the surface to produce a stabilized

3D hepatocyte monolayer.

19. A process for making a surface according to any ons of claims 1 to 13 comprising
coupling sugar groups end RGO peptide groups o a polymer subsirate.

20. The process according to claim 18 or 19, wherein the process further comprises the
step of graiting a second polymer onto a first polymer to form the polymer substrate pnor to _
the step of coupling.

21. The process according to claim 20 wherein the grafiing of the second polyme'r ohfo
the first polymer comprises plasma treatmeﬁt andfor UV-induced graft polymerization.

22. The process according to claim 21 wherein the first po!ymer' is graftable by means
of plasma treatment or UV methods, ' .

23. The process according fo claim 22 wherein the plasma treaiment is argan-plasma
treatment. o . ' 7

24_The process'uf any one‘ of claims 19 to 23, wherein the step of coupling comprises:

a) actwatlng the polyrer substrate {o form an acfivated polymer substrate; and

b) reacting the aciivated polymer subsirate with a i rst reagent comprising the- sugar

group and a second reagent comprising the pepfide group o form the.surface.

' 25, The progess accordi ing to claim 24 wherem the step of activating €omiprises
" reacting the polymer substrate w:th an actwaizng reagent to aitach actwatxng groups-to the
surface of the polymer substrate . ,

26. The process accordmg pie! clarm 25 where:n the step of coupling furkher comprise a
step of guenching.- fhe polymeric substrate with a- quenchmg reagent thereby quench:ng
unreacted activating groups.

27. The process according to claim 26 wherein the activating reagent comprises N-
hydroxysucclmmldo (NHS) groups and both the firsi reagent and the second reagent
comprise at’ Ieast one amine group. '

28. Tha process according. fo claim 27 wherein the quenching reagent compnses
‘amine groups. .

28. The process according io any one of claims 18 to 28, wherein the sugar group '

comprises galaciose and/or lactose or a combination thereof.
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30. The prueess according to any one  of claims 18 to 29 further comprising a
YIGSR peptide, a GFOGER peptide or a combination thereof. ‘

31. A bioreactor for culturing hepatocytes, wherein said bioreactor comprises a surface
according to any ore of claims 1 fo 13.

32. The bioreactor accordmg to claim 31 wherein the bioreactor Is in the form of a
membrane a tube, a microfiter well, a column, a hollow fiber, a roller bottle, a Hissue culture
plate or a mrcrocamer ; )

33. Use of a surface in a bioariificial fiver aided dévice {BLAD), wherein said surfacs is
according to'any one of claims 1 1o 13.

34. Use according fo cldim 33 whergin the BLAD is a bioreactor.

35, Use of a surface accordi};g to any one of claims 1 to 13, wherein said use is

sefected from the group comprising high-throughput drug testi-ng in a microplate-based

-platform, high-content screening, hepatotoxicity testing, metabdlic testing, use in flat
plate bioartificial aided devices andfor membrane-based bioreactors. '
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