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"This invention relates to a cultured animal cells and a to 1
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spheroi ds of cultured ceIIs and bi o-devi des whi ch support s
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Background Art
From a functional viewpoint, animal cells are roughly

classified into parenchymal cells and non-parenchymal cells. Among
these, parenchymal cells fulfill functions of tissues or organs. For
20 instance, hepatocytes, i.e., parenchymal cells of liver, undertake the
synthesis, decomposition and storage of various substances, and are
therefore very important basic units for a living organism.
Thus, there have been proposed some kinds of system for the
cultivation of hepatocytes by which to imitate in vitro the expression
25  of the function of hepatocytes in a living organism. For example, R.
Singhvi et al., U.S. Patent 5,976,826, disclose a process to cultivate
hepatocytes in a cytophilic regions which are separated by regions
that are composed of hydrophilic and cytophobic substances, and a
device therefor. In this device, individual cells are seeded on surface
30 regions (generally 1-2,500 um?, preferably 1-500 um? which are
composed either of compounds which have hydrophobic surface or
charged moieties (-COO~, -POsH") or of extracellular matrix proteins
or the like. The cultivation which is mainly mentioned or intended
in this U.S. Patent 5,976,826 is regarded as so-called monolayer
36 cultivation. On the other hand, there has also been tried



- further been provided devices to use cu

2 three-dinmensional architecture (three-dinensional growth pattern) with a
view to inproving the function of liver, e.g., enhancing the secretion of
‘liver-enriched protein (M Smalley et al. In Y tro Cell. Dee Biol. Anim

. (1999) 35, pp 22-32). In such three-dinmensional culture 5 nethods, cell
strai ns which have been derived fromnor#al human liver are cultured on a
gel of coll %h@ée*diﬁfbﬂm@haﬁaréhﬁ@@ﬁh@ (tﬁl’éé"%ﬁﬁiér?’éﬁﬁd‘%&é?vé% fn)have
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Japanese Pa I h cells),
Japanese Pailgﬁré;%cﬁé??%%x{%%%l%@cbﬂ?%&alﬂ} k%%i‘%gfa %5%‘%@95) -308186 (the
cul tivation et @ﬂiﬁ%lﬁélmatrléiel | s), etc. ] As menti oned above, it seens

enerally that th ven b
'?hr ee-di ?lren5| onal ngégﬁqié@ﬁ?%h%&#%é %%Yl\éhé g’é&‘&“%%‘??%ﬂ?? |>/s cl oser
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cul ture suppells, a&%ra&rbﬁrﬁc%&nbé% '&%éﬂ%ﬁ?ﬁ‘é'tfﬁ‘?ﬂée)ga afpte dritdeUPRerta e

ever been reali.zed on attern sutface nsi ona

archi tectur @RRIW%O@llrﬂédsOBﬁal N@alk@ﬁnélﬂ%l)sﬁm (aidswidesfoardther y i n
the d d nt enance of
function, 3 %?%EQOS?%“PQFE%%%%%E Rk Bick i S BT L SR s oies
(groups of aaid noha:eﬂhgdhesmﬂeasulffane):, |thn)almdveinié1etnenédr]ﬂ Shdtees. | n nost
Copstit tet es kee e r nction
by ough 1 ne 2305 826 iBe U a8 Bebhtirtesl clnbansis RaUaRt et s, tence,
from ahV| e}/\/@@ﬂ?ﬁﬁﬁf’(?tldlehgﬂﬁwt%ﬁﬂ ef @ﬁﬂbbﬂlé‘l‘ial &iljl%)a%b%‘i‘xegé Ibé?cted ‘ffﬁen ol
arenchymal .cel.ls and._a en renchym I fies cellular
gr owt h, Y gAARRligat é%,lﬁlhoépﬁﬁr@&trk%l? lﬁh ﬁél i (1 @Q&b.&@é’e&% theset forth
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I's given by the cocu tivation epat ocytes and fibroblasts which are
non- par enchymal cAisimepsionedBabove, tseaims geheraligiERat dherfanctidal of 13

(1999) 83- n hus Go- cultur d h tes which
I's encl %@ed éﬂ%d Je'il {}E‘r‘éﬂg 3%8?533{13}}{;% 8 ?gg‘?fg'u% fane, the
i ntracel | ul hmlebdmmensummﬂ(gmmhalbatﬁet‘n) id @Ioslenitbétlh% of HeprRey tus/ f1£S
whi ch are | gcat att ae& ance, of thraecgi{? %gr cells frogmthe houndary
bet ween to tHE ?’I%l by 19npEeBltyre vhdch axe given by manalayes
cultivation. Cultured cells of such a three-dimensional architecture
system are liable to be peeled off the culture support, and, therefore,
25 no three-dimensional structures have ever been realized on a
patterned surface. Thus, three-dimensional architecture
(three-dimensional growth pattern) is still unsatisfactory in the
degree of expression of function and in the span of maintenance of
function.

30 To begin with, organs of animals are constituted by tissues
(groups of cells having similar function) of different properties. In
most cases, cells which are units to constitute tissues keep their
function through interaction between the same or different species of
cells. Hence, from a viewpoint that heterotypic cellular interaction

35 between parenchymal cells and adjacent non-parenchymal cells



decreases down to the sane degree as that of purely cultured hepatocytes.
In such a co-cultivation system it is difficult for cells in an

‘aggl onerate of cultured hepatocytes to performtheir |liver-specific

. function stably is Hence, the objective of the present invention is to
provide a systemof cultured animal cell$ by which to maintain specific

function of rpadéfiedyeRlnegtewthiCiigsatieAdndvt Fiffereagdativbr2®Nover a | ong

- period of tige, .and by which to keep cropattern stably when cells of the
system are rﬁgﬁ'@ﬁa?tt%ﬂ ed forth Fﬁ%‘ﬁ%@g]ﬁhe@I’Gudﬁ\fé‘rhheomm&w&ﬂtl@ilsof)f this

I nvention h | EVEAE f : as one of
two di ffereﬁ%&?%%%t??}ggﬁol?%%ﬂ&g?é‘ﬁ%ﬁ?ﬁgﬁlﬁ%ﬁﬁ%ﬁhgfc Ogﬁﬁﬁjﬁéhﬁ@ at ocytes
whi ch are othepatedytesoanddibiratiastd wihieh iare sysparenthemdlaedly KNt ant |y

Wocertart  doharti i PRE JASEE Aofranl ol ap U BBe: FEsan Aol TriE"
co- cul ti vat adonbldyerost ﬂﬂl@ﬁ@*@uﬂfﬁire@héﬁaﬁﬁbpﬁgg wggi'&?aiglgf]f{tqgi&% Egaﬁhus
bhe

interactiondg@guoc ur via heterot pl(i inter )

above- ment i red\nonzparenghyraal gells oprthe sams plana thepatvacetulanr m a
spheroi d whi : ; : ' . t hus
formed s pherégpgﬁglgl:?g?%%@lgﬂg l}ﬁ%:i'? ?’?&F\}\ﬁ%%ﬁég dgg{ﬁ%}s‘g{"%‘*ﬁ gpl)(t’él? %‘%ﬁt es,

e.g., a fundocated at prdistaneceabbtiiee er fimiy celle framl thregbgendarly bietwiees.

Furt her ngr e, - re. whi.ch c rises_the ahove-meni.i oned 35

spher oi an&hgoﬁr%grl}@%}geelfgghgegmcitg%ﬁ@%&?%ﬁ’éﬁ%@?ﬁﬁﬂ?ch 4 forms
a substr at urddcreases dotvnid the saehe Hogres ds thad of puelycaltw@ld construct
(hereinafter, so ti%%s rhIeferred to .Spheroi d/ cultured, cell ]

nonol ayer / sd}f’é)(ﬂr‘{g?y - c HeSeh Aseasculiivatign aysteme ik isidifficudt fon edleinr
show resi st a4 I N $romthe
Suppor . 1t eaEEforRbate uf clityPER HepfhtBly RRLtD Beribrid G Ve Snetifc
cells, ot herfunﬁbl@nh%f@éﬂﬁcyt es, which are capable of form ng spheroid, or to

non- par gpachymal c cell construct as nmentioned above
provi degga spher o?i-lg%entscgfémlﬁagghfgtgﬁgﬁ Qreqslengéﬁggp quocﬂr%’éaﬁsa function
of ht hesg celsbrstehmfaoﬁéauil hgff&mrﬁmhmﬁw leaichUthsiﬂaahU@ilrf apedifiefunlctiorsai d
spheroi d, endothel i [ or f.ibr asts have geperally strong
proliferous9 Mﬁppgynﬁcﬁ%}s Hach Wﬁﬁp%y%%gtq%ﬂ | gRdivera T% grow on,
the peri pheperidd bftimnd £AdBIPRAiIERL D MbtEhhi ' wt},%lﬂ

fibrobl ast slpgre seeded and ?&T)t [ \}at ed.Hé‘ﬁ%ﬁlilﬁv nefﬁoﬂggﬁ%g%/%w owevéerl?é 2%
further foukBedystemaare puicsopaiderngdof said island with a surface of a
certai nghydrophilic and cytophobic polyner can prevent not only cul tures of

said endothelial cells or fibroblasts or the Iike but also spheroid which
is formed oDisglasure|afiinvention s frommgrating or noving fromsaid island,

and that a co-cul i a _special form2 an, pe,,t hus .kept ,stable on a
support. Thus, t hlhls{{’%ﬂ@%:étqr}%lmﬁll&/’?{}g@naﬁ%ﬁ? ts&lé{?dcgﬁh @d?’r%lprv%&or\‘/\hi ch
conpri ses osgstémwfdiepatoeytes a4 lonier &5twd d@ff‘éf&ﬁ@@#eé}@é Rlcens! AAdAheA

in such a red cell construct_conprises a

Zgﬁg(r)(r);[ d 53 ' Qﬂggigﬁo- r‘il{’izlgﬁlr'g‘f bepateeytest g k@garg Obtai@@d ﬁ‘IODQB_&l&df ferent cell
Sl eSasly SURTORASIABAT) houS e e anPORhA bk Dhafl B, | Y
speci es, whhepategaesaneseultinadedon atelllaumonolayeraafta vertainaiegispher oi d
?Eﬁcit foﬁ?patﬂ" SubtivaBdt BHAGEASal BlEd of ?fﬂpo%ﬂ&s,s R3S Rrra\fleéiewﬁﬂd
non-parenchymal cells on the same plane so that interaction may
occur via heterotypic interface as taught by the above-mentioned S.N.
30 Bhatia et al., thus cultivated hepatocytes form a spheroid which
adheres to the surface of said monolayer, and that thus formed
spheroid exercises a function which is specific to hepatocytes, e.g., a
function to produce albumin stably over a long period of time.
Furthermore, both a co-culture which comprises the above-mentioned
35 spheroid and a monolayer of cells, other than hepatocytes, which



30 As anot her enbodi nment, this invention provides a bio-device which
conpri ses a surface conposed of two or nore of the above-nentioned
‘co-cultures. As a further enbodinent, this invention provides a process to

. prepare a cultured cell construct which conprises one, two or nore 35

co-cultures of different aninmal cells on%a support in which co-cultures 5
spheroi ds t fie¢mBaysubstrathied it ¢ohtaes with atd sphbkléidaagdsa RRAERE 641l

. separated plural |sI nds, i ch process i characterized in that,_ on_the
surface of Sopgt@Ictdhespingitensemesimes referred torparharuidienltured eells

formed a po%ﬁﬁéla‘y@‘fﬁuﬁgﬁ?gw@g\gg og‘rf]{lﬁfﬁrsgéf gl cglé(ﬂ%résﬁﬂgfjéﬁsp 5 of

whose termn I S*unbo to a conpou cted from
the group ctherefor sdos remsbanoe sﬂa:bghkya)cmpeeﬁng afruaohj ofgnddapredieellshl ch

Chat " t neb an Syt e RafBaR,0 7has ABPEhERE (G Bunalto wheik heblied ot *vi -

a mask patt pmehahyﬂmlmetlrsaloth@r @hﬁﬁ%@aﬁ&fég@és vvahfdh éf'@cﬁﬁﬁbleabﬁd from one
anot her at an |nterv%@m){d | east about _ 10 ave a di aneter-

of about 50iawming gp emmgr@mcmrm«h@elf%rﬁw@dafcuétﬁneg eeldis whi ch
correspond Vi , C
subst ance |§82%ﬁl%icggg to sal gﬁgg Vd%é Sﬁrh ﬁPSéﬁ aﬂ%rrlghas eééln
renoved, 1506He(10rmmrlmﬂ1whleh keeplsd'tmctfqrboﬁthem eeliase cuI tivated on the

I slands,to forma tivated, cells nd, t hat.cel l.g which are
differ erlié from safA’gRBﬁg B‘“@Ek‘?rgnaﬂ' ﬁubﬁ tb‘mg S@f at | vat ed
cells to fosphérsidj@mldih@haﬁ lrelle&ir! broblastd hueatgmrallycst@bﬁgl des a
co-culture ﬁ@lf}ie whi ch has been, 20 | ed of f m(e? support of t

above- nent i us pential al&@/@gtmer&ﬁltymné temdetn nHgTate EQ@F?JHY B&@Wabove
achi eves anofl ERE pedihieiy of MM é@b?ﬁb@gﬁ&fchaﬂwgn@dtﬁéif‘al%'lfs' FAtion

of hepat ocyt e$ an For 1nstance

spheroi d of fibroblastsexrensqestestgnd sculb]ivmtadins Thﬁ m\mﬁ:ors &maveh&m&ve/mks an
Br i o0 7 SEPAEF Tolhel itk Bhg The BritilnettGieid Tl KB¥6iA EREBRRE %xposeo
pores on gl aestaanrhpdn&)p}hhrc azmdeyt@}mﬁclpblymcbﬁmpeeveﬁhnao omdgk pattern
Whi oh Shovs cilzed Henid mrblcrbelial celelar GhfantBats or %Sﬁﬁ@uimﬁai&i‘?dngs
gfer :avgcrdafm r gap\%ﬁféﬁr wgﬁcmg qcsnatﬁdFdrggﬁeyeulEuﬂé& eeﬁs fford rﬁl graE in place
g whi ch_ shows spheroi ds fornmed of atocyte ave
adher ed onl J@ying from said island, and that a co- culture aving a spec1al form
20 can be thus kept stable on a support.
Thus, this invention provides a cultured cell construct which
comprises one, two or more co-cultures of different animal cells on a_
support. Each of co-cultures in such a cultured cell construct
comprises a spheroid which is derived from cultivated cells of one of
25  different cell species, preferably parenchymal cells, and a
substantially single layer of cultivated cells which are derived from
the other of said different cell species, which layer constitutes a
substratum in contact with said spheroid and is capable of making
cells which form said spheroid survive and function.
30 As another embodiment, this invention provides a bio-device
which comprises a surface composed of two or more of the
above-mentioned co-cultures.
As a further embodiment, this invention provides a process to
prepare a cultured cell construct which comprises one, two or more

35  co-cultures of different animal cells on a support in which co-cultures



6 endothelial cells which have fornmed domains according to a pattern as
shown in Figure 2. Figure 4 is a mcrograph in place of a drawi ng which
"shows that, when interval between circular holes of a size of 100 ~mis

. lLess 5 than 100 ~,m cultivated endothelial cells may nake a connected

pattern. Figure 5 is a confocal |aser m Crograph in place of a draw ng
whi ch shows sphielroiks thatehave beleni fmgﬁed)frdmnflﬂmrécbcé]@@emelsﬁ!mﬁmte@@n been

. formed on endot he cell.s,arrayed. gccordi ng. t tter t Mode for
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ce that takls un S defi uits the p 0S this
i nvention i §lhtg8 1923} sc‘é{h"etél cﬁgﬁé%\'}gﬁ/ﬁ% dsqm%m QH @é‘ﬁtf%’rﬁnExarrpl es
of parenchy mml deﬂ Whifalke deReptdrdathhy theta%mdmfeﬂthﬁaé&gslyxﬁem Jer

i nvention include, although not resfrictive, hepatocytes et'a cel
pancreas, caf &l leq#ﬁdc,tpéﬂegm% treptmenkyia a mias mtemmsmmeamugal

(kerati RECYLEhilaf lﬁ%’I‘é’% Qﬂﬁhﬁsa Wéﬂ?rgﬁdoﬁgt&hﬂﬁ(ﬂﬂ?{' a?[a[l?ﬁ#ettrva En 25

cells. However, not on ned par
non- par enchpm'deas’eabeuaﬂGOmmlanédvhmhhavalao&mmetm'l afrmhbwtnf)ﬁalomplms o)

mvent on. Yok Pol@RERByer is RhUhRofo Rl Soth B MiicheonfemAR 681 <

whi ch are t@hb@b%wecme@uﬁéne/@h@%y&ha@elﬁwce%@ﬁfy Q@t@?hﬂ‘i‘é bﬁbgﬁhﬁ&ﬂﬁ as
t hey, when co-iél(tlvat%d serve, to hel p the above-renti oned

spheroi d-fo 9 pal tﬂlél}dﬁlfV@maWchlﬁh pelymer layer hag been zemaved, ar e
di ffereqg f'i:gr ob?‘ @tﬁ@ﬂﬁl Q%es o?rfmﬂﬂ)l §ld Sre Eﬂﬂ?@r dfgﬁ thelik gqr}c?spl;(g hel i al

cells and fi can nment |one as exa sSuc
Pref erabl e ﬁ@rmraanmmdamr ioflcudtivated lcallp,aand adrcedlagivhidndoe défferéntcel | s,

i br ool ast s fs SCHIRALRa RS Ble Fultfael of ALl fHRIIE cor 1 <

whi ch are drﬂsmraeﬁheﬂomlldspehe 8dllstissues of an am mal body Fi brobl asts are

to be chosen acco ells ch forma spheroid n cul tivated
as menti oned abov@(El ,‘Cl'nvma H@ﬁo\}ﬁpﬂé eg amospliure nax sew éyhlaﬁﬂ?ﬁecfhnt

roles fof tphaeldd emﬁgpﬁoﬁf om@aaaoe%gﬁgl A ARREFEAd @e{l%ﬁs'iaﬂu&m I's

exi st are preferably use nbi nation o erent ani ma speci es
which are to be cdhisinvention a8 esplaineddadaove achidvesiasmeffoct which is

above- ment i giGH3N8Sthéfone attained by the cultivation of hepatocytes and
endothelial cells or fibroblasts. For instance, a spheroid of cultivated

hepatocytes maintains, at least for three weeks, an ability to produce
25 albumin at a high level.

Brief Description of Drawings
Figure 1 is a micrograph in place of a drawing which shows

exposed pores on glass surface that were formed in accordance with
30 mask péttern as prepared in Example.

Figure 2 is a micrograph in place of a drawing which shows
cultivated endothelial cells adhered to cell culture bed as derived from
patterned pores of Figure 1.

Figure 3 is a micrograph in place of a drawing which shows

35  spheroids formed of hepatocytes that have adhered only on



1o conbi nation of non-parenchymal cell-non-parenchymal cell such as
fi brobl ast-endothelial cell and epithelial cell-endothelial cell, and a
“conbi nation of parenchymal cell-parenchynmal cell such as cardiac nuscle

. cell-hepatocyte and beta cell of pancreas-hepatocyte, although not
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wherein an alsonon- parenchymal cells are included in the above- mentloned

animal cells so long as they are capable of forming a spheroid and suit
the purpose of this invention, as stated above.
The other one of the different animal cells which are to be
30 co-cultivated may be any species of cells so long as they, when
co-cultivated, serve to help the above-mentioned spheroid-forming
cells to survive and function, and so long as they are different from
said spheroid-forming cells. Endothelial cells, epithelial cells and
fibroblasts can be mentioned as examples of such cells. Preferable
35 are endothelial cells, in particular angio endothelial cells, among



Island with a larger dianeter supports a feeder |layer and further a 25
spheroi d thereon, each culture or co-culture may possi bly show a tendency
‘to peel off the surface of support, or the spheroid may possibly fail to
. stably maintain the function of parenchypal cells fromwhich the spheroid
has been originated. As stated above, when endothelial cells, epithelial
cell's or 3o whishohinisutamveirehdbttaeléal cells aeé navst déaﬁdbbs ment i oned

- above, thus | tjvated cel,l s ma der ances, rate out of the
" island, naklﬁr%rér?}?lats 82€ialpe HIS}‘?%‘:HE? gﬁh‘&?ﬂés a%"i’lén@%q agt- g@“é’t%’m fied
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termnals i the cells that form the monolayer, come into contact with the

25 cultivated cells which constitute said monolayer, and, through

heterotypic interaction, maintain a function specific to corresponding

cells stably for a long period of time. The phrase “form substantially
a monolayer of cultivated cells” means that at least 80 %, preferably
at least 90 %, more desirably at least 95 %, of region on which to form
30 said cellular layer is composed of monolayer of cultivated cells. As

for co-cultivation, if only the above-mentioned different animal cells
are cultivated together for some period, it comes under the definition
of “co-cultivation”. In an instance to facilitate the understanding of
this invention, endothelial cells or fibroblasts for example are firstly

36  cultivated to form a monolayer, and, subsequently, these feeder cells



10 coval ently bound a nono- or oligosaccharide or a certain kind of
ol i gopepti de each of which constitutes a binding domain of ligand to cell
‘surface receptors, or polysaccharide, although it is said that hepatocytes

_adhere to saccharides. 5 Hence, a surface which encircles the

above-nentioned island is preferably mad® of pol yner based on PEG segnent

al t hough SUﬁhdapéwﬂéﬁ‘inﬁliﬁeﬁb%‘i‘e%lﬁ%ﬁ%e&ftogé'ﬁiblcomounds as mentioned in
. the U S Patent” 5,976, 826. The phrase "based_ on_PEG segnment " neans that

sai d pol ymer, whehhetahere-mentigaed easioghelial oplls; epishplial sellgwnt 10 so
Lhat thus T SRR AECAIE SO G ARSI Yl thd EGRRCRTREG segment.
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tendency to peel off the surface of support or the spheroid may
possibly fail to stably maintain the function of parenchymal cells from
which the spheroid has been originated.

As stated above, when endothelial cells, epithelial cells or

30 fibroblasts are cultivated on such an island as mentioned above, thus

cultivated cells may, under circumstances, migrate out of the island,
making it impossible to form a culture on the island as specified
above.

In order to evade such inconveniences, this invention provides

35 a surface, produced by hydrophilic and cytophobic substance, which



pol ymer wherein X denotes nonosaccharides is disclosed in the 25
above- nenti oned WO 96/ 32434 (or U.S. Patent 5,037,969). In accordance with
‘the nethod as nmentioned in this WO 96/ 32434, any sugar residue as desired

. can be made to be supported. A slight nodification of said nethod gives a
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to which lectin can ! : rophific polyner in this
i nvention. Myemforming eultivatedecells cannptiadbereitata syfagphwhich pol yner is

like, from . ' rs, der  20,.cell-cul tivation conditions
of i s 16 ERERE B 83 B B pRE XA EvtopBithlc SfbRncs Yntict Bl iRabiRRG) o o
Wn: ch i s(walbendﬁtﬂdlmbhe.meﬂe'rormgl hiter,emt _evengb'}idugh ?d?e?ecppdﬁamer wher eijn

pol yner (polye ene, i n the abqve-nenti gned gxanpl.e i ch,corresponds to
pol ymar-coné%i ?ﬁﬁ'd@é’g’ﬁ’éfﬁl’tnti%ﬁgﬁ’taéﬁaﬁ rete ﬁBééYSY{ PYBHEN the art

woul d be ablgltiPatéd 86Hs cUnBWESSilY A2thEhE] B HTRT cl@&'xﬁ'ﬂng%r_cﬁfi!ﬁ@,em Iy
usable in this invention, fromthe aboyve-nenfioned polyners in the light of

Exanpl es wh@el, shaspstherpesenghymal vellgrare tg be ppltivated latercemd ances, in
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25 a surface as mentioned above may be a substance which forms a
cytophobic or biophobic monomolecular layer as set forth in the
above-mentioned U.S. Patent 5,976,826. Preferable examples
include compounds which contain a portion of polyethylene glycol
(hereinafter may sometimes be referred to as “PEG”). In said U.S.
30 Patent, for instance, there is concretely used a compound [e.g.,
HS(CH2)11:(OCH2CH2)sOH] which has six ethylene glycol units.
Furthermore, what is preferably used as cytophobic substance
in this invention and gives a much more unique feature to this
invention is saccharide derivative or peptide derivative each of which

356 is based on a polyethylene glycol segment to one of whose terminals is



13 silicone, or when a surface which has hydroxyl group has been rendered
hydr ophobi ¢ by silane treatnent, Y-Li-(B)- may be so selected as to forma
"bl ock copol ymer wherein m denotes an integer other than 0 (zero), e.g.,

. five or nore, in the general formula (1), and, 5 thus, with use of the
hydrophobicity of thus obtained ester séﬁhent said polynmer may be adhered

to said surfcavalaitlytldm(haanbﬁ@r br mgfmh@cleaﬁdefcﬁc@ certaindeiombf |
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functional §Y& ec%an(al%éfeé%ﬁﬂﬁl({fss'-@h ‘Eﬂip?ﬁﬂﬂdﬁaﬁﬁ menfiened indhe: Uodbal
group are giPignt’s,0h6 mve'rﬁsgm&%d‘bléséd AP PR el it A e fOr

by a part of the preseht Invent How to provide a support
whi ch has ashidpolymer, yhemiti lsaq)aptswgaxyremdaa, cmnpnmseabBEG seghiearted U. S.
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to the abovi’%ﬂ?é@%ﬁr’f ﬂ‘élficeﬂ 1@%95§ 3%“8#9“’[91 eﬁfas cidead ﬁé!t and

i f necessar yfre@l dHHiRAhBANnk '&esﬂ&'tétofﬂo!l&’ﬁeﬁlr&ié‘i i RiclPBal ?e%h

the surface OL support is made of net al sucﬁ (f r an
the group Yta ed’e%ﬂb%ﬂﬂlmdlﬁé‘r%p@@f@mﬁjonbyh&mIﬂacadpnlaymalqu@bushe
general ;£ormy %u( ) can be adhered to substratumthrough so-called chem cal
adsor pt| on, an hus, a desired surface can be produced. |If necessary, the
above- ment i oned |Alldnxohghy1dba'elstnatwd sucka polstmet, &)rssugamdeﬁ&nth%
cytophilic. heterm hil.i,c" in this 14 speci fi on means that,
when t he ang eﬂ}/@rfp &ﬂ@}lﬁapr peptide d ?J'i'lf’ﬁgll eaWi’é%P h”@soﬁ‘nfl brobl ast s
are cul ti vabh@opapmdwésaaaenfafs the ﬁdll?&wmé)g@ﬁéfévforhb&ﬁa @yl tivated cells
adhere, and thus adhered cells are not detached by mld cleansing or
rinsing. Such a surface nay be fornmed of a corrpound whi ch has hydrophobic
group (gpg., hydrocarboy_g; rg@)mq_l_xbl_g\g] Srqup.x al kyg )fl uori de group,
etc.) or a compound (incl ud ing protern ‘tonsfitutes extracellular
matri x) which has charged group (e.g., - , -PCaH, etc.). Such a surface

W th one of 1ot g §L%§¢d£4%ﬂi§@$$téfﬁ%gf% oL oL Ao Lo
to produce denoté zaternde hyndppkygérs asohsorhiekker! withntlse pauvize ﬂla?tyt ophilic

art, such Al BRI AR PEPE AR Lo G APR taERTTto BRRY AORONE VRERER, |

ar such a rri

Pref er apgy, ba,ﬁdh@wyg@ﬁ atofd 8Rdfie@vi ng a cytophilic surface are produced in
the foll ow ng manBer a surface of hydroph| lic polymer is forned on a

sui tabl e support, 10tes a pempantidiebthe fellewing foxmadaa pattern on which
hol es correspondi ng to islands are arrayed in a desired manner, and, via
t hese holes, a pl %srra treatment with use of H2 + N2 is

opper

i
——OCHCOCHC— —O(CHz)p—C— or —OCH,CH—
1 Lo |
R R CH,4

30 wherein R! and R? independently denote a hydrogen atom or an alkyl
group having one to five carbon atoms; p denotes an integer of 2 to 5;
X denotes a hydrogen atom, a sugar residue or a peptide residue; Y

denotes a hydrogen atom or a functional group which is capable of



20 conducted to renove pol ymer |ayer which has formed said surface, and,
then, thus obtained islands are, if necessary, treated wth a conpound
‘which may formthe above-nentioned cytophilic surface. The above-nenti oned
. term"if necessary” is intended to nean that, if a surface (which may be a
surface of device per se) on which a surtlace 26 of hydrophilic polyner has
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edian
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i ntroduced i ﬁt%l&%ecabwéeﬁémh d8aydravRe Flpbt)@ 1héuger|1mta@mfembly a
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am no group dexeaigy ef/ligasdytoreadhsunfaceeceptars, mpjrefarably (usedrsmneta ve

am nation r [ sed the l,ocki ng
of the abovga?riedn({épvg\#e@{laggwm?f% %&Fﬁ‘% gfg%‘”c? ’F%‘k% tl}f’f t he
resul tant paidpesion af erhasti iscealbad wltmvatlvdcéeibﬁwhfs ﬁﬁveﬂﬁﬂ@ﬁldl Ag on 30 the
speci es of pokyner ed.. y a mer . layer js. required to have a

t hi ckness V\/E? h:%mwé”ugﬂ’fes‘ rﬁ&@%ﬁssﬁ ﬂé%arf; Hg‘?s ¥%ﬁ1}ﬁcg@9€‘éiem§ her cells

di ff er eps thbbeéﬁﬁ@htﬁnﬁd \mlge/saasd (af@scmfarfehtqsebm 96y). 2y sl and and
correspondin | s on not her i.sl and per son woul 8 be able to

determne s ﬁor anfiecwids the ynethad,ps an é@npdrmnfdns WA) 06632434, any
non-restri chiyfr rasidUi K8 AR31Yd Card HRGHAde tolfe JRPBBRLEY! A'slfdi¢m Woul d be

a mnimm modification of said method gives a polymer wherein X denotes
polysaccharide residue or oligosaccharide residue. A polymer
30  wherein X denotes sugar residue can also be obtained by another
method as disclosed in the above-mentioned WO 96/33233 (or U.S.
Patent 5_,925,720), according to which acetal group of a polymer
having an acetal group at X is converted into aldehyde group, which
in turn is subjected to a reductive amination reaction with an amino

35 group which has previously been introduced into mono- or



(B)" On the surface which has been obtained in step (A), a mask pattern
whi ch has plural holes of islands (preferably circular ones having a
“di ameter of about 50-500 Vim is placed, and a plasma 5 treatnent is

_ conducted with use of H2 + N2 by a plasnma generator, and, thus, polyner

| ayer of domains corresponding to the hol%es are destructed and renpved,

and, for inslamacchisidephols gaid avdest GU6Kiaseadchaa des ethost @hich

. necessary, the surface which has been exposed by the 10 renoval of pol yner
| ayer may beositaHratdeppleone galactopyzanopyl gre prefernbly weed. a Althongh

hayi Conhil Lo o . ) ; . t ed

wih' polymit seulreifL el plar ol SOV oFben0ERAr RS tlRldEldkeoBt s C

(D) On t hus wirieus &indsof atadobligbagccharidei | Hydsiphitie, pal§nidresttles e
ltivated, f I nst dot i al I f .su,tabl e, | th

mar ket - Por AHREnGe RenarRCardr e SeheraiRek daRcges B pr ovi ded by

Dai ni ppon Phyligtpeptide sésidae which toMbtibuteésea Pindiks! Hbﬂiﬁd@ﬁligﬂhﬁytovmi ch

such cells can be cultivated (if  sui tag e, .cul ture nmedi.umon the nparket,
for exanpl o coll gt £ FRECPIATSiigadsp pro rebﬂmwﬁaﬂ inyentionl Said
Ltd.), d, h- ' Thy tivati

), and, i ifay Blectily FHbei-YBhAHeGALhAL hRolbOGIEPk. g Tirdygl L1 vali on
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in the step (P S ich argq different. fr the cells that. formsaid

| ayer ofit2t AfRonedds thesp dpAk i el itanaltBonel SehaSetmhive phe
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t ransf or med 36'1‘31{1’(%@{@1? ggy‘@@?l(glﬂ(f AndRspArtIGA dla&@ﬂ?eﬁnéir whieh ganche)f
form ng a spigfatsbiahlSdktd ¥HAE. cel ls on the above-nentioned |ayer of 3o
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endot hel i al cel | s Isradditiasntathe ahovermeotioned segar desimativesiofel | s whi ch

f [ f | ] s, | dl f th
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Thefe cel | ; pudysdecharide tm‘eaﬂal sh;é:_}ﬁ?s ploﬂlpg\allh 5 a&ﬁowﬁaﬁgtggﬂ ?ZRI bﬂ£b378 ﬁaést@e87) : Wr

i nst ance, S. atia et .al., Biatech. ,Pro , , - : en
hepat ocyt es V%ﬁlié’huB@é?%l“hgalP P]Péngmﬂ?%ﬂﬁ?@ﬁ@dg é’é’lquPhéllbﬁQPbY merdn s i vat ed
hepat ocyt es jagentiomd! | Anyonewitinéd ¢h thle ajAvbuld sgeglzggﬁgéﬂﬂbgﬁtﬁﬁé | ayer of

cultivated cells on the above-nmentioned islands. an
hepat ocyt es Ii&lﬁﬁt%fﬁédﬂée,(ﬁ‘oﬂbth@ adoypireciiedspolyneers.i vEnderpar enchymal

then: cur?; v ST Elcvatsen Sonatbiony BE S vehtith, REaRAMTBAAEF | ands

cul tivat i on eeanaeithar apolymerdheswhobeof witchris mater-soluble aurde anf

Bi di | i.al . 10,60(1 2002): 4110-117 1.0 t

o Marer  can Bl oS, 8o hOERET A E S8 poli et poIiP iy ne a1 ot ne

?:u![ ti vat i on aiifozgl-mgégﬁiﬂ%iggsimrﬂe) %i_bl?%o@i'e@or%d‘%w tpﬁl}@ﬁbﬁcbhsti_tutin bet
nt er nati ona : - ang,.\wi respect to the cyltivajjon of beta

cells of paﬁ@gghén,zt 1§ aﬁ‘?r'E?h&gPi t Thesgetki e@tmath? ap} M"ﬂdi%a ie to

Bi ophyskga basfigtchobrdone?8dd Illgéiﬁéll%ich Sc%rfv(‘;egﬁléﬁﬂ?ﬁ&seﬂﬂ'qul his

. 0
non-restrictive’ Animal cells g,h are to be us 'S 1nvention are
invention, from the above-mentioned polymers in the light of

Examples which are mentioned later.
Y, or Y-L;~(B)- under circumstances, in general formula (I)

may be chosen suitably according to the properties of substratum

30 (base plate, film, coating film or deposited film which forms directly or
indirectly a surface of culture support or a surface of device) on which
a surface of said hydrophilic substance is to be formed. For instance,
said surface of culture support may have a surface to which a polymer
of general formula (I) can surely be adhered or bound. Although

35 non-restrictive, when said surface of culture support is coated with



preferably primary cells as obtained by any known nmethod such as surgical
ones. Also usable are those which are available on the market from
“suppliers such as the Hunan Sci ence Pronotion 20 Foundation. Thus obt ai ned

~co-culture is usable either for bio-devices whose surface is nade of a

cultivated cell construct per se which hBs the co- culture on the surface of

a support, Céﬁhf:@ﬁe%xow@féﬂ&%%rmﬁr}ﬁé'ﬁf}?fseh ré}%‘ Hﬁ’sfb'é' co-culture.

. Al t hough not restrictive, exanples. of suc bi_0- ev e |ncIu a device

for the testre@der@dulmdr@pbpbé@ y.mbar@jtmtmmyrﬁérL Bsmayd@e/see for the

f
oot onohya; SCIHBHHILES fih PRk oIy id wHBFLLPR, Henblied kY InECeer
par enc hyma:c othbi'ihalmcl) ézeiml)Jl cg.fhve blrlmbr]e,iqaﬂth@genérs)lf fdrh@uhhﬁa thgl cal
activity_o enc S cu a spher oj
f or med ?‘/Fom ?\K heahaggo@a%@p ﬁh?g QB?[% it &t?%n&%mﬂ vat ed
cel | which fﬁ'i oa ﬁé@%ﬁ?‘bﬁ%dﬁe?@d}%@m&ﬂﬁ}fé@% Gféﬁnﬁ&elsgl tWgi ch is

different fro the cel l forns_said spheroid) in_accor ce wmth this
i nvent i on winakeiassuuigserafdwdnophiibic sabistances Datsaichean dnstances where of

d 35 d
Function 5 L% 38 t%S&gsuc (HEHERARES R bf FPlynAB0 DBRdBIBES oo of
beta cell ofwhm]mcma'esppn s doisand fesbert segmienttibpresseuslly adhelicdctotise! e

|1 d t I t t h t h f t
ggch par1 ncr ﬁrlcec ggp?’?lt é.?\na% angg)e]\%#mc%)oi %‘%dlﬁcé’éﬁ;ésrream%ﬁéb%g%cgt es
for instancebtaiébel simfﬁeé bf hydirbphilié phiBEi ke Whick 4PRNd Bdo@n 2

pr edet ermi ned arrayal ﬁern The shape of spheroid on one’island is
subst anti al |r98mtaeser#ame Mo hat of spheroi d on another. Furthernore,

spheroid on a bio qu{m n ins a
hi gh-1 evel hepat ogﬁéhﬁﬁﬁ{ét |{%(rélc(?T ﬁ %fh?ﬁ%% f%ﬁ%&fﬁﬂ g‘qﬁi&p %lgon
abi lity) foregiteddasthe abe‘ee\men'aon'edtiﬂ . Ratemta5 /976,826 thae gsoup er ef or e,

usabl e for r vl ronment gr. subs anee ch may have an
i nfl uencg otrjlR ;" 5§8 }E‘%cﬁ}%cﬁm P W ]f'f}é'r?@g %&’ﬁt%h&m uated by the
moni t ori ng ca‘bdvieemrmtnfm&ﬁ.m@ﬂmﬁé]hgﬂmpltoIffbmusbovﬁleiﬂh‘@cmd@uch &k, change

af or enent | ofddONHT o 6 QHCDm st BT -t to-pide! = P?S‘%qnnidﬁe%b%cph? by a

physi cal or jAtRsdiRiE S@dh hrfeMcERMal ghloud tRﬁY' §Hd¢é’2éﬂiE D¢ a?égrrhér an

enbodi nent of this invention, and iI's uSabl e In trans
or gano- r egef@vANEENINg|f] uéétlloiﬁg ;gmdupyama giveypm the s ovetmentiined BSnt i on

e Il
i nventi on. OWrt@mrcandera sirfaeklof suippert wiith Bawh fimctionsl grtagsiqd 26 x 76
LRI MR R KT NN
washed. 5ubse@mefaté>of slulpp ozt E:faaQﬁs@fb ﬁt@ﬂe@ﬁy%ﬁ;é&@ﬁé@é’ufﬁ@éwhom c by
a silane couplj at ment
[ 3- (et hacr 9‘?1@#]*89 Eesayqqafc daglganad@ pelxurethane, pokeaaiylamide,
(95/5) . gghe ggblr ft@‘iﬂa@ﬁlat it RIGERA P dny known method, or by subjecting a
monomer which has a protected functional group corresponding to the
above-mentioned functional groups to any known plasma treatment
and, if necessary, eliminating the protective group.
When, on the other hand, the surface of support is made of
30 metal such as gold, silver and copper, the group Y is desirably a
mercapto group, by which a polymer of the general formula (I) can be
adhered to substratum through so-called chemical adsorption, and,
thus, a desired surface can be produced.
If necessary, the above-mentioned island may be treated so
35  that its surface may be cytophilic. The term “cytophilic” in this



- acet al - PEE P

hydr ophobi c-treated slide glass was coated with a 4 % solution, in toluene,
of polylactide having a nol ecul ar wei ght of 20,000 by spin coating, and
“subsequently with a 2 %solution, in toluene, of |actose-PEG PLA which had
. been obtained by reductive am nation of al dehyde, converted from

acet al - pol yet hyl ene gl ycol (nolecul ar weli4 ght: 6, 000) copolylactide

(ol ecul ar  ywpeificatfon Bths ﬁl@éﬁ'\ﬁﬁéh%fhe afbrerfbaticiftd éndsthelial cells,

wi .t h_am ngphen | act ose by spin coatlng and, thus, a
pol yneric | &pé%h@mlf%g 8 grabfaﬂte pregallbivasedon a suria 160 ha¥ingprela on

thus for mdp‘)Bb&?Fy%]éub%%vﬁb‘%& gells adidre ‘ngtﬂeﬁhgé“(ﬁggﬁré‘@%ﬁllgaﬂe%%hav' ng

circul ar pore wer e sepé erval
and, then, adepacled byrmaideleansingior rilingas Swuchiachedage GPay bedormsed W

Bi N H2 ,=,50 i 10-6 T
Ao a ot i °bf GURBORRaYRic bt hydrotiolie ef6RE @opmbidboratbitheamin
gl ass surf a@@%yll\&flyl eaiky@%ﬁdé @rbapt Bec. ?Bﬁ\aecdiﬁ@bu%(inﬁhﬁdinjgo

pattern (see Flgure t.he above- tioned surface, there was appl i ed
Dul becco’ s meterme‘ahlt_%lg p@ngtlﬁ\étﬁw ulagy wlx)swbmbmwm

nsulin, f elabyauige. eeem-pbupﬁgegb)eps%h Lt ] BE [ YopabERitg 1111

hydr ocortis >t rept orri/m n) t hus er e was
adhesi on domeplading hyeddopdulic wrté)sben;te mhgdpophllngpolymbe) wittly enewft i oned

pores. lLyatk ure be btalne in the
above a?é Oﬁb?@é%’t&%egi eéfc%‘aﬁ na? ﬂe b chgg xéc?cegg Ps) were
seeded at 2@radaetla swrface of dydrophil6 sabktsnes?, and were then statically
cultured in an atpusp ere of 5 % zi\t 37C, for 24 hour Té‘j s, endot hel i al
cells were adhere W@&%%’ﬁ@z@ ssurface can be Pé'QéB% lﬂb’o@’ég (see
Figure 2). %‘ﬂ@ﬁﬁﬂi’ﬁf@ﬂ MnoWri B e é‘é%kﬂI&iﬁit?@%ﬁ‘toguél’?%s"ﬁ“ ch had been

prepared fromrat's |iver 3 nase perfusion was seeded at 25 a cell

density of pabttqumnnm Mhodn@n minrepatterning method: urReefenably,

at nosphege nt tes were
adhered?%nl ?/1 toe‘%% Séﬁggf‘ 1&% aééﬁésqu&c%lﬁﬁggé g?ﬁdggﬁgq&f’sﬁgccordl ng to
t he above- nfollowirg mahherna samﬂacet oy deop kil icyolyim epirefarinded wasa f or med

(o 9. ol bustHEARE ARG Ll ©3)thiR SHELRGE, FBFLS i BIACRIR PAtheRd OBhus,
cytos kel et oRyNRh Kbles lobefedgdriling o slavgs ﬁré hire8yed Hﬁ%&@@ﬁbd%hﬁ&ﬁ?d

I mge of spheroid)._ A sg gn the_ surface of |actose-PEG PLA, when the

interval be@nseviaithege hiolew|aplagms typatment g uﬁﬁ:mﬁﬁz tNz2ihan 100 Vi m

35 adj obgi ”Qoﬁﬂ%’éélﬁ% ?En{iﬁJe ﬁolﬁef%ﬁ%ﬁ %a%%?ﬁﬁifgﬁld 0Lk, c@hen the

20 interval er C|rcunE ahces (see
Figure 4). aémbrthlenythuh@rbtam(blslande aret tEtneeebdaxyetreated widhhel i al cel |,

nopl + cabi | | YO EE BER A G0kl Th sty e B Rt PR R St e a
i s maint ai nddmenabov@rm@naonedlﬂédnpﬁftnmssﬁy’tisem@hded%emeuhtweﬁ ¢f sh may
contain t ensa é)l];r ace ldw% gl? ;h %rg tslu(xz' allcleyofa gexlrlrefe ! 1%1'E ge)nounnbehlch a surface
26  of hydrophilic polymer has been placed is a cytophilic surface which
yields to no adverse effect from the above-mentioned plasma
treatment, the above-mentioned optional treatment is needless.
Interval of thus produced islands is preferably about 100 pm at
least. When plural islands are separated, at this interval, by surface
30 domain of hydrophilic polymer in a cultivation system wherein
endothelial cells or fibroblasts are selected as anchorage dependent
cells or feeder layer-forming cells, there occurs substantially no
connection or crosslinkage among thus cultivated endothelial cells or
fibroblasts and cultivated parenchymal cells, in particular among

35 hepatocyte spheroids, on the above-mentioned islands. The passage



to of hepatic spheroids, and, therefore, such a culture dish is usable for
the nmedi cinal assay of tens of thousands of nedicines at a tine. Besides,
‘co-culture, e.g., cultivated hepatic spheroid, which is to be peeled off
. said array may be used in the field of h_]irb;;msplantatlon or

i ver-regeneration engi neering. Thus, s invention is usable in an 15

i ndustry V\hl“theresocouml snﬂmbtwmtalwﬁmdmtnemmmowabmm{m1 Biegddls gd on or
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co-cultures and a support, wherei'n each of the co-cultures conprises a
spheroi d t hd0 %s paeferaddy lesmthand %itde‘leeBl;‘a(bﬂy&% of said different

cell spegies, and ort of
cultivat gd ceI S MS%C%UQEPQQ(}EH veﬂﬁwﬁﬁ%?ﬁ%gfgh‘ggpcﬁgyhéog% gu@’rﬁl oned
di ij er eﬂt cdshht s:gntanm spiglekoaﬂlfohmfdnﬁbm luuél:ivat@ilhb?lls &tndmgfaﬂﬁh(oict Wi th
sai d spheroi d | e ing ce ormsaid sp

survive andPa@b g‘?‘iﬂﬁfﬁ 8r1£ %QSHR%C'@IWQC%Phs%gthF%H%e@FOI&Y%PWI Wﬁ@rael n
celI's which fﬁr@éé@§ﬁﬁ'€lﬂw ﬂréﬁa&a&ﬁfr@ﬂfﬁ%eﬁ&éﬁéfmﬁtn/étealdewrs% ﬁﬁb‘cher
construct of cJ aé]@%t @grel n cells which form spheroid are parenchymal

cel I's whi chexho t Wolm\’teh?él@ﬁoup consi sting of hepatocytes, beta
cell's ofjgpancreas(ayar drfg éﬂi’?&&@ofﬁ'étfpep&lt' GAHikR ¢ #@&eepd Bgel ial cells

(kerati nocyt es), chondrocytes, o0Steoc stem ce and Wherein the
ot her speci esilovated iscodtied, bzyr@mm d’:dsetnng; whtlom snluthosphnran drgamiv ng cel |'s

are sel ected 0 consi stin end thell f1brobl asts
and epit hel i 8; qtsélc}l%ls %ﬂ zPEdV%@?rr oéﬁrg‘? YIRS g?s%f Pﬁ? erein cells
whi ch form spharerity p@éﬁﬁ&%ﬂ’ﬁ&ﬂ?&%@er 8 thadiovenmleh®ididiEgeabrgl s of
cultivated eIIs V\,z ch are (ﬂy erenf.from.said s her0|d formng cells are
ori gi nat ed gepeeialiedesiraply apalymen of said farmmlawheren X
constru o] ‘i{ﬁ)ﬂﬁr déepe ea o-cul tures,
and V\:he:’igl angb%%% uféeésidg?g;r?élgggg%ggb?i rom os"riléel E’?tnotsqi'\rleﬂrtJ A cul tured
cel | const r gurfase of said supwentdsmate dfglass, i dhy dvoxyl group aabeatd 1, 500 t o

30, 000 ~, I 1 wherein the
island is Su&%‘%{%% ]?%vq&lélgfeg}&?ﬁ&l @@F@%%yeg 5?%8 ’3 % 500 wm
8. A cul turégrdcrephobmsﬂanetcoublnigaageﬁt mwwqmddt%eaMQxﬁ%t@nM at
| east two co-,cul tur t,he island iis su tantlall CII’C r and has a

di amet er of %436‘61@ Rl OPBIIQ‘E)@my grmetimeshecome @&P %H?acent i sl ands
is at |egast tphthedPthad Be conducted by any known method, e.g., the one

which is mentioned in H. Otsuka et al., Biomacromolecules, 2000,
21-27. Incidentally, a sugar residue may be introduced into the
above-mentioned polymer by the following method: a polymer of the
general formula (I) wherein X denotes acetal is previously applied by

25  spin coating; later, amino group of a sugar into which the amino group
has previously been introduced is subjected to a reductive amination
reaction with aldehyde which has been exposed by the deblocking of
the above-mentioned acetal. It is hard to specify the thickness of the
resultant polymer layer since optimum thickness varies depending on

30 the species of polymer used. Anyway, a polymer layer is required to
have a thickness which prevents adhesion between feeder forming
cells or cells different therefrom, e.g., cultivated parenchymal cells, on
an island and corresponding cells on another island. Any skilled
person would be able to determine such a thickness by a simple

35 experiment. Although non-restrictive, a thickness of a general



9. Acultured cell construct of claim1 wherein there are contai ned at
| east two co-cultures~ and the islands each of which carries a culture are
‘separated by a surface of support which is made froma hydrophilic and

. ¢cytophobi c substance. 10. A cultured cell construct of claim1l wherein the

hydrophilic and cytophobic substance is 18 pol ymer based on _
pol yet hyl enegdyeblerdae filmwaildiss aaminithaxyl group at one of its

- termnals. 11. A tured cell construc f ¢glaim1 wherein the drophilic
and cyt ophobi ¢ sub2t anc nriche BoF 9wﬁ@§b§a9 ensehiainedanestes Wast i de
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ol i gopept i dghugapblydheiaydr 6Odomdink@oréiputidiagi@tha heled agnnd to cell
surface receptors. é?ﬂﬂfﬁ cul tured cel | construciwg:; chabm 1 wherein the
hydr ophi | i c dgatruche remayed; ande for 1nstanesy pphobictipated on a

pol yet hyl eng\gfaedls gt. to one of whose termnals are covalently bound

mono- or oligosaccharides each of which contai n_at |east one gal act osyl
group. 23 14. AlQlI t uHereesssary, dihet sunfacefwhichi has bekarexposedeby the
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sequence of ar gi nflAk- gl Qi thusebtainied swtface bavingaytophdic idandsonst r uct
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surface whi theimankels fof exanyplepihiintas dfhaiculae vwethamdothielimbhcell® gr oup

consi sting of a. ogad t.hat s a _hydroca n p,..an_al kyl silyl group
and an al ryPrefidRE HinipBan Bhadetennial R BhaRrishids of a sbized o
phOSIolh?t e a%éﬂiﬁ%ypwlﬁ@h rsticihaéell‘é]??@ﬁ iHeUéLﬂfﬁi@tbga(Qﬂluhithbae,rEilelhﬁ@S- t 18. t A
co-cul ture which has heen peeleq off a sup of .culfured c construc
as defined inhe‘glf\‘)m(%bt n@;&éﬁ%?@' %amp.sleag‘%‘;ma uﬂé{/PE%Vldﬁ conprises a
surfacegfor : : C u f | . f

cl ai ms .zLét o%nfl%mlz) }g#lc#l gé%?%?%’?%ﬁ%’l@%@g‘?’née C ! Qf;.)ﬁ‘én%%l id(r)I t wo
or nore co- cellsis fermadt h&'higlqultivatios candresconductedsby asmeshadtdsal | y

soher L hang s Rk et MM AR
so arrayed as to €Iy m aOnetiefeedeatlagen.of cultivated ce_lls as formed in the
step (D), cells which are different from the cells that form said layer of
26 the cells, preferably parenchymal cells, are cultivated. Although
primary cells are preferable for the above-mentioned cells such as
parenchymal cells, any species of cells of cell line (or strain) or any
transformed or transfected cells will do so long as they are capable of
forming a spheroid of cultivated cells on the above-mentioned layer of
30 cells when cultivated according to the method of this invention. Both
endothelial cells or fibroblasts which form a feeder layer and cells
which form spheroid, preferably parenchymal cells, are usable
regardless of their origin. It is preferable, however, to use animal
cells of the same origin. These cells may be cultivated by any known
35 cultivation method (see, for instance, S. N. Bhatia et al., Biotech. Prog.
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35 device stably over a long period of time, and also maintains function



| _=+109% L "10% q q& ()-!3,!10% D D& ()- 10° 10" 10 ;y10% & ()- 9*
10% & ()-310% & ()-/m
-}[< =+109%@ 10% & ()-3! 1" #10%&' ()-L! @ #10%&' () - L! N#10%& () - Lf @0% & ()
10% & () - Z1KHR dB_=+10% S3" 100 ()-2 109 & ()-- 10% & ()-3+10% & ()- \
00/‘& ()-$"10% & ()- " 4Fb@10% @ 109%& () 109w& ()- mes109%VE () - 10 10
10°; 10% & ((puch B%mZulin- sE@fﬂf fatetiohGriMhid add 6084 tell VTN drkas,
- M 109%& () OBVE, 109 TpVKYZ2[ PE: 10 10M 10N
10M (#10%/&1(1)1951?10(1#%%&1((1}1 10pge0t cAroiag mngdle:cell, withawgardyto 2\ 1]
ZX6PE:la Y
3" &" 10 ()?clg 1 él%l&%t aﬁﬂ%%é&ay 9 &HQH@? sbetific to ?%CIEP?“EB%Y{IBM
I\ L*3" 10%¢|v&'e d)evlcelm és prmmm)hepatocytes for instance,

ro %/ﬁ/:%iv[ %51 Aﬁﬁ)&#@ﬁ%mﬁ@%@%@% {1%}3 F_ugp5»3{-‘,?@;'%1NI le)a predetermined

5$LYRI ()\/\MW&I 411VE The bhap%ltﬁ" Hémh@oﬁl&%(&iah)i ishibidd¥@&tially D4 #1
0% ()-! N#looﬁeggné;;;? o+r;r1 t/iloa of qu)eroﬁ/%n another. Furthermore,
spheroid on a bio-device in accordance with this invention maintains a
high-level hepatocyte function (e.g., high-level albumin-production

10  ability) for at least three weeks stably. Such a bio-device is, therefore,
usable for the screening of environment or substance which may have
an influence on hepatic function. Such an influence can be evaluated
by the monitoring of the morphological change or product of spheroid,
e.g., change in albumin-production ability.

15 Co-culture which is contained in the afore-mentioned culture
cell construct can be peeled off the support by a physical or
biochemical treatment. Thus peeled culture per seis an embodiment
of this invention, and is usable in transplantation,
organo-regeneration engineering and hybrid-type prosthesis.

20 This invention is further explained by concrete examples as
follows. The examples are provided only with a view to facilitating
the understanding of this invention.

a) Preparation of cell culture bed:
A white slide glass (26 x 76 x 0.8 mm / Takahashi Giken Glass

25 Co., Ltd.) was boiled with sulfuric acid/hydrogen peroxide (50/50) for
60 minutes, and was then washed. Subsequently, the surface of this
glass was rendered hydrophobic by a silane coupling treatment with a
2 % [3-(methacryloyloxy)propylltrimethoxysilane solution in
ethanol/water (95/5). The surface of thus prepared

30 hydrophobic-treated slide glass was coated with a 4 % solution, in
toluene, of polylactide having a molecular weight of 20,000 by spin
coating, and subsequently with a 2 % solution, in toluene, of
lactose-PEG/PLA which had been obtained by reductive amination of
aldehyde, converted from acetal-polyethylene glycol (molecular

35  weight: 6,000) copolylactide (molecular weight: 8,000; hereinafter
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glass surfaces were exposed, according to the above-mentioned mask

100 pattern (see Figure 1).

On the above-mentioned surface, there was applied Dulbecco’s
modified Eagle’s medium (DMEN, Gibco) (supplemented with insulin,
fetal bovine serum, glucagon, epidermal growth factor, penicillin,
hydrocortisone and streptomycin), and, thus, there was formed cell

15 adhesion domain (or cell culture bed) corresponding to the
above-mentioned pores.
b) Cell cultivation:

On the cell culture bed as obtained in the above a),

angioendothelial cells (Bovine aortic endothelial cells) were seeded at

20 a cell density of 1 x 108 cells/cm?2, and were then statically cultured in
an atmosphere of 5 % COq at 37°C for 24 hours. Thus, endothelial
cells were adhered according to the glass pattern of exposed pores (see
Figure 2). Subsequently, primary culture of hepatocytes which had
been prepared from rat’s liver by collagenase perfusion was seeded at

26 a cell density of 1 x 106 cells/cm2, and was then statically cultured in
an atmdsphere of 5 % COz at 37°C for 24 hours. Resultantly,
hepatocytes were adhered only to the endothelial cells which had
formed domains according to the above-mentioned pattern, and, thus,
an array of spheroids was formed (see Figure 3). These hepatic

30 spheroids maintained hepatic function (e.g., albumin-producing
ability) at least for three weeks, and, thus, cytoskeleton was observed
(Figure b shows a three-dimensional enlarged image of spheroid).

Also on the surface of lactose-PEG/PLA, when the interval
between circular holes of a size of 100 um was less than 100 pm,

35 adjoining endothelial cells got connected to each other, and, when the
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FIFwXegl =t 2#10%%n(t)rfus obtained array of hepatic spheroids, hepatic function is
maintained over a long period of time. Furthermore, one culture
dish may contain tens of thousands (theoretically an infinite number)

10  of hepatic spheroids, and, therefore, such a culture dish is usable for
the medicinal assay of tens of thousands of medicines at a time.
Besides, co-culture, e.g., cultivated hepatic spheroid, which is to be
peeled off said array may be used in the field of transplantation or
liver-regeneration engineering. Thus, this invention is usable in an

15  industry which is involved with examination to evaluate medicinal
action or in a medical support industry.
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- 10: layer, on an island on support, of cultivated cells which are derived :
from the other of the above-mentioned different cell species, and
which constitutes a substratum in contact with said spheroid and is
capable of making cells which form said spheroid survive and/or

function.

2. A cultured cell construct of claim 1 wherein cells which form
spheroid are parenchymal cells.

3. A cultured cell construct of claim 1 wherein cells which form
spheroid are parenchymal cells which are selected from the group
consisting of hepatocytes, beta cells of pancreas, cardiac muscle cells,
glia cells, skin epithelial cells (keratinocytes), chondrocytes,
osteocytes and stem cells, and wherein the other species of cells which
are different from said spheroid-forming cells are selected from the
group consisting of endothelial cells, fibroblasts and epithelial cells.

4. A cultured cell construct of claim 1 wherein cells which form
spheroid are hepatocytes, and wherein the other species of cultivated
cells which are different from said spheroid-forming cells are
originated from endothelial cells or fibroblasts.

5. A cultured cell construct of claim 1 wherein there are contained
at least two co-cultures, and wherein said co-cultures are separated
from one another.

6. A cultured cell construct of claim 1 wherein the island has an
area of about 1,500 to 30,000 um2,
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diameter of about 50 to 200 um; and the interval between adjacent

islands is at least about 100 um.

9. A cultured cell construct of claim 1 wherein there are contained
at least two co-cultures; and the islands each of which carries a
culture are separated by a surface of support which is made from a
hydrophilic and cytophobic substance.

10. A cultured cell construct of claim 1 wherein the hydrophilic
and cytophobic substance is a polymer based on polyethyleneglycol

segment which has a hydroxyl group at one of its terminals.

11. A cultured cell construct of claim 1 wherein the hydrophilic
and cytophobic substance has polyethyleneglycol segment and
polylactide segment.

12. A cultured cell construct of claim 1 wherein the hydrophilic
and cytophobic substance is selected from the group consisting of
polysaccharides and derivatives which are based on a polyethylene
glycol segment, to one of whose terminals is covalently bound a
compound which is selected from the group consisting of mono- or
oligosaccharides and oligopeptides each of which constitute a binding
domain of ligand to cell surface receptors.

13. A cultured cell construct of claim 1 wherein the hydrophilic
and cytophobic substance is a sugar derivative based on a
polyethylene glycol segment, to one of whose terminals are covalently
bound mono- or oligosaccharides each of which contain at least one
galactosyl group.
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14. A cultured cell construct of claim 1 wherein the hydrophilic
and cytophobic substance is a sugar derivative which comprises a
polyethylene glycol segment, to one of whose terminals are covalently
bound mono- or oligosaccharides each of which contain at least one

galactopyranosyl group, and a polylactide segment.

15. A cultured cell construct of claim 1 wherein the hydrophilic
and cytophobic substance is a peptide derivative based on a
polyethylene glycol segment, to one of whose terminals are covalently
bound oligopeptides which comprise an amino acid sequence of

arginine—glycine-aspartic acid.

16. A cultured cell construct of claim 1 wherein island has a

surface which is made of a cytophilic substance.

17. A cultured cell construct of claim 1 wherein island has a
surface which is made of a cytophilic substance selected from the
group consisting of a compound that has a hydrocarbon group, an
alkyl silyl group and an alkyl fluoride group; a compound that has a
carboxylate anion and a phosphate anion; and protein that constitutes
extracellular matrices.

18. A co-culture which has been peeled off a support of cultured

cell construct as defined in any one of claims 1 to 17.

19. A bio-device which comprises a surface formed from a cultured

cell construct as defined in any one of claims 1 to 17.

20.  Abio-device of claim 19 wherein each spheroid in two or more
co-cultures in the cultured cell construct has a substantially spheric
shape and has a diameter of about 50 to 100 um; the interval between
adjacent spheroids is at least about 100 um; and the spheroids are so
arrayed as to form a certain pattern.
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21.  Abio-device of claim 19 which is selected from the group

consisting of a device for the test of toxicity of spheroid-forming cells,
a device for the screening of substance which activates the function of
spheroid-forming cells, a device for medical support of the deficiency
of spheroid-forming cells and a device for trial examination of the
physiological activity of parenchymal cells.

22, A process to prepare a cultured cell construct which comprises
one, two or more co-cultures of different animal cell species on a
support in which co-cultures spheroids that have been formed from
cultured cells are carried on separated plural islands, which process is
characterized in that, on the surface of a material on which a
co-culture is to be adhered, there is formed a polymer layer based on a
polyethylene glycol segment one of whose terminals is either |
covalently unbound or covalently bound to a compound selected from
the group consisting of mono- or oligosaccharides and oligopeptides
which constitute a binding domain of ligand to animal cell surface
receptors, that the above-mentioned polymer layer is subjected to
plasma treatment via a mask pattern having plural circular holes
which are separated from one another at an interval of at least about
100 um and which have a diameter of about 50-100 pm, that polymer
layer is thus removed from islands which correspond to the
above-mentioned holes, that, if necessary, cytophilic substance is
applied to islands from which polymer layer has been removed, that
endothelial cells or fibroblasts are cultivated on said islands to form a
monolayer of cultivated cells, and that cells which are different from
said cultivated cells are cultivated on said cultivated cells to form a
spheroid of the cells.

23.  Aprocess to prepare a cultured cell construct as defined in
claim 22 wherein spheroid-forming cells are selected from the group
consisting of hepatocytes, beta cells of pancreas, cardiac muscle cells,
glia cells, skin epithelial cells (keratocytes), chondrocytes, osteocytes
and embryonal or adult stem cells.
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25.  Aprocess to prepare a cultured cell construct as defined in
claim 22 wherein the polymer layer comprises a polymer which is
based on a polyethylene glycol segment one of whose terminals is
covalently bound to mono- or oligosaccharides.



