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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 pm?, preferably 1-500 um2) 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

35 cultivation. On the other hand, there has also been tried
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As mentioned above, it seems generally that the function of

20 cultured cells which are given by three-dimensional architecture
(three-dimensional growth pattern) is closer to that of hepatocytes in
vivo than the function of cultured cells which are given by monolayer
cultivation. Cultured cells of such a three-dimensional architecture
system are liable to be peeled off the culture support, and, therefore,

25 o 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
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20

Disclosure of Invention

Inventors of this invention have studied both a cultivation
system of hepatocytes as one of two different species of cells, and the
function of cultured hepatocytes which are obtained from said

25 cultivation system. They have resultantly found out that, when
hepatocytes are cultivated on a cellular monolayer of a certain region
of cultivated endothelial cells or fibroblasts, not co-cultivated with
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
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20 can be thus kept stable on a support.

Thus, this invention provides a cultured cell construct which
comprisés 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
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This invention also provides a co-culture per se which hasbeen
20 peeled off the support of the above-mentioned cultured cell construct.
This invention as explained above achieves an effect which is
similar to the one 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 pattern 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



exposed pores on gl ass surface that were formed in accordance w R sk
pattern as prepared in Exanple. Figure 2 is a mcrograph in pl ace q

drawi ng which shows cultivated endothelial cells adhered to cell cul ture
bed as derived from patterned pores of FRggure 1. Figure 3 is a micrograph
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under t%ls def|n|t|on and SUItS the pur pose of this invention is to 20 be
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whi ch are primri Iq%?m@ghggg% wﬁgu Rl FpiHIAS R0 LAChutelss
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cells. Parenchymal cell means a cell which fulfills functions of a

tissue or organ. For instance, parenchymal cell of liver is hepatocyte,
and parenchymal cell of lung is alveolar epithelial cell. Any cell that
falls under this definition and suits the purpose of this invention is to

20 be called parenchymal cell in this invention. Examples of
parenchymal cells which are primarily intended to be used in this
invention include, although not restrictive, hepatocytes, beta cells of
pancreas, cardiac muscle cells, glia cells, skin epithelial cells
(keratinocytes), chondrocytes, osteocytes and embryonal or adult stem

25 cells. However, not only the above-defined parenchymal cells but
also non-parenchymal cells are included in the above-mentioned
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



animal cells so long as they are capable of form ng a spheroid and suit

t he purpose of this invention, as stated above. The other one of! AYRHST 2006
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-nenti oned, spher oid-f or-m n ehls teysurviy £ i on, and so

|l ong as t hey"rl?;llrc]él &?Wé’rl@htv%lpo‘?ﬂi%t e&lazpcﬁg}soghe F%S%ﬁaﬁgﬂaém Endot hel i al
celI's, epithghighlak!freaftbo préfepbbhst sSFilwbBlast®ate anesollasexdumied of
such cells. Preferable 35 are endothelial cells, in particular. angio

endot hel i al ceBslwhichrarg dispavsesm zdoest7alifissnes st anlanrimal hodydot hel i al

cells are | rabl e. I_brobl as r I 1. Fl | asts are
nmesobl ast - nﬁh&&%“?éﬁst%ﬁfc 10%@@ %{?cso%(eir?%g&%?tgf) %ﬁ%@é%ﬁh @lrglé%gs of an
?ni mal ?dygph&érw}QQﬁm?tﬁa&@gm alsteonaed calie)®rf mbln_hemdrd;]ﬁiy,\hi crd1
orma 5 sp &rxob en.cultivated as nentioned above, or, in other words,
fi brobl ast s krobkagisayht legnimpgriant; gples 1&&%‘[‘9@68 SeAEFES QhaNor gan
where the s [ ray S - £ ref I pat i on
of d fferen?i’%inﬁ?ﬂe%%@?&%‘é?ﬁ@%ﬁﬁ%ﬁ%@% Bast %}?ﬁaﬁﬁ%ﬁé‘d@a b

i ncl udes, i poarhintatoom tof dififeremd\amni celhspeoras which@meothbeat i on

of non- parenchymﬂ. cetl | - npn- par,enchynal e{.l suc{bas fi probltast- ndot hel i al
cel | and epFPHaHFAA eée?fs-oeﬁb‘%?a@?’iﬁ}aégll lon tothe aboygimentioned ones, a

par enchygral ' GVHGh - nchyehaBee dahdhagarsniciey ad el fegatecyt e
and betgérgeflgﬁic)élr%g?\?r@e s-h ﬁg Ct g@%li%&l}lgq ?%E_;re trictive 1@1@ ni)r/ral S
from whi ch fm@b%%-%&@#hﬁié@ eéi@@da@@t gl e n(f%t[y*leg@l&elhrﬁn 2nd,
exanpl es of 8%6‘%15’1912&?&:[1%@%ﬁﬁhgpgeﬂﬁwhﬁchymap@éﬂ iseidhads BuFam el ng.

When t hese erent ani ce species are co-cultivated in accordance
with this i mvestleccellehepatetytel andbesa cedl ohpaingreasthepatocyte, fi br obl ast s
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in particular human being.

When these different animal cell species are co-cultivated in

accordance with this invention, endothelial cells, epithelial cells or

20 ﬁbroblaéts form substantially a monolayer of cultivated cells as
anchorage dependent cells or feeder cells on the surface of culture
support, and, subsequently, cells, preferably parenchymal cells, which
have been cultivated on said monolayer and which are different from
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

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



25 cultivated cells which constitute said nonol ayer, and, througlhA%GUST 2006
heterotypic interaction, maintain a function specific to correspondi ng

cells stably for a long period of tine. The phrase "form substantially a
nonol ayer of cultivated cells" neans thatgat |east 80 % preferably at
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cocultivation | 'TRElIbRIRIENER L RIHEIA CASUpiAeHR] RS0y are
cultivated together for sonme period, I't comes under the definition of
"co- cul ti vatfilorsblakbs areindtiratedtan bacislandtan the sindecs pfodlhgref this

I nvention, endothelial,cells.or,fihroplasts for, ex lejare fyrstly.35
Ul L1 vatod (BHRATH 2ot Bk 1slang; PBepoey cRRPyRCLeRes Eo aalay cetichy
AUGUST 2006 j5& o3 oRed SFTMIBEIER) d te dE1$ AR A VRItRd, {190R) 1efornd 88 a
above-nenti oned endot hel | al epithelial cells or fibrohlasts are

1l cells t
cul tivated constriuet gheuiivebed sallsavhiali comnpiises aseppultureddtat #h this

i sl and, therg j r e ver ' |:S1,GQMNO f

cul t1vat ed SomBoSEAT MG it TS ahBF opHerBIY LR ISR R cobby,
celjl S whihch Wﬁﬁaﬁiﬁﬁe@dm}?dﬁwmé whidh isprefegfa@éy?rlgginambdlfmender Lla%//ﬁ'r )
and a spheroi ich is i irect. contact ., with, sai eeder er a ic
i s preferablﬂaﬁﬂq(@?W&@i&eﬁlsom ﬁﬁb@ﬁe Wehic SI@?“)@%&W@FO@&“ %OFS

formed ﬁéom%rﬁg's?g&%%f E911§9H8aﬁees's%§rl\&{oxﬁﬁlﬁréfx{rﬁﬁg%erﬁﬁ;éﬁhgf&m firom

the term "spheroid”, substantially spheric_ agglonerate of cultivated
par enchymal ssdidtantiahly cphexic agghaperate oficwitivated parenichyanal gelis,

' h ' t d ' ' .enbl
the samer THBIch hah sBEIR aDSHENY 15 (HOHORIal Thed HIRRGIRBETIESETY o
only a 15 catpheheldyhemtordx Figape Shor sabhapa whightrésermlbdes the.sakhe.

b - ti d i,sl and, i bj t . hLestricti 0 | '

Schi eves. t hal B6 BUEE oS BT BRI EP BTGRP AP PR aS AIRAE i oply gy
have anys shapenpletelflisphetic shapelnhty v & wiiplaly fiutekiél ateral, el |ipse,

etc., that has an ea . of about .1,00Q o about 20 200,000 ~LM2, preferably
about 1,500 to abokiezPaygorgamnpones ig nd 1s ghRhpretito e Eestragiiensise lgme:h

case the Cirfd § HA%ie¥ed (HEHBIpOle BPEHs flvedfloRPOUberFally howeRied! B8 Y
about 50 to 200 ~1m nore desitably about ]
island may have any shape including circle, polygon such as
quadrilateral, ellipse, etc., that has an area of about 1,000 to about
20 200,000 um?, preferably about 1,500 to about 50,000 pm2. Circular
shape is preferable, in which case the circle has a diameter of about 40
to abouf 500 um, preferably about 50 to 200 pm, more desirably about
50 to about 100 um. In a construct of cultured cells wherein an
island with a larger diameter supports a feeder layer and further a
25 spheroid thereon, each culture or co-culture may possibly show a
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



50 to about 100 ~tm In a construct of cultured cells wherein ;%As 006
with a [arger dianmeter supports a feeder |ayer and further a 695‘0%8

t hereon, each culture or co-culture may possibly show a tendency to peel
of f the surface of support or the spheropd may possibly fail to stably
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making it i mpuses-bentioned B.8. Patent 6,976,896 ‘u&alcc’mms ’dmtsspedlcfa@d latbine.
I n order to evade, such i ncgm\égnl enc thlﬁ i nve
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| ater. Attentlon i's drawn to_the fact, for the present, that, .although the

above- nent i d:(b&ﬁ@rHJSBat@mmma@ s faddddraishepatoayitas iareasperificallyi n,

pol ygal act ose and 5 although
P. H Wi gel dek?@%qcprtQ% céﬁ%k’% E@%é@g@@é@i@%;b %5@ 838 exenplifies
the fact thajoliapayboyiée g@ﬂew:%mmsfcadbdd ycqub&wbed subssancb’am dhishi ch has
coval ent | y bound to flat palyacrylam d what is call ed ophobi ¢
subst ance" IRVERtion |1ﬁ\?é’ﬁ?‘?taﬁlﬁssl P%d@&%ﬁpwl &F0; éékﬁ?eoppom te
to, thesg ]tgabﬁi‘ﬁﬁéngs Concretely,. hydr Qohi jjc~ And cytophobi c substance
in accordance wth this invention has properties_as foI | ows: the

above- nent i oned arﬁhnca@'@ Y,d]@)b@mﬁmh%&ndl%ﬁpéhobw pybstaneeder
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of said hydrop cuI I'vat1 on ~ condi tions
as nmenti onechljmteementl,ormdeanthom;ge d@[pendcéntscaﬂthvadzndrmlb@er feleq}endent
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are to hg cyhhidedfsaidhgdropailic a2l enwpdicide sulrpandenindet tuldvetosel | s
or feeder |ayer-formng
conditions a5 mentioned later, or, even though adhered, said
anchorage-dependent cultivated cells or feeder layer-forming
cultivatéd cells can be easily detached by mild cleansing or rinsing,
and, thus, when parenchymal cells are to be cultivated later, said
20 anchorage-dependent cultivated cells or feeder layer-forming
cultivated cells cannot be cultivated stably for a long period of time, or,
furthermore, also the cultivated parenchymal cells are hard to adhere
to this surface made of the hydrophilic and cytophobic substance of
this invention. A part of substance which is capable of forming such
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”). Insaid 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

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



cultivated cells cannot be cultivated stably for a | ong period gf, tl ,
furthernore, also the cultivated parenchynal cells are hard to %&%{%@@@E
this surface made of the hydrophilic and cytophobi ¢ substance of
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surface recePatdrst 50768R6s acThargite seali duudobn iPE'C&@@x@r%ﬂ’laheammcyt es

adhere to saccharides. 5 nce,. a surface which encircles

above- nent i @?ég mlwaﬂar,i‘gﬂgﬂrléfla%mwsumrwdm ﬁﬁﬁtplﬁﬁééﬁﬁ} pegmeadnent
al t houghnsu ig@a SBAR 0 g{{pﬂ : i din
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fr e cont or IR SHEBRARHAIN trF SAtLB Lot Y HERUP AR R ot A egLs
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resi due, or peptid erivative which has a ol | gopepti de residue has the
fol | owi ng geﬁefa| &B&m}ﬂé‘l ppy restrictive, sucg a poisgm%r,p or sugar derivative

which has a sugar residue, or peptide derivative which has an

oligopeptide residue has the following general formula (I):
20 Y-Li~(B)n-Lo-(CH2CH20)5~Ls—X D

In the above-mentioned formula, Li, L2 and L3 independently
denote valence bond, oxygen atom or linker with the proviso that,
when m is 0 (zero), L1 and L, taken together, may denote valence

25 bond, oxygen atom or linker.
B denotes a compound of the following formula:

11 1 1}
—OCHCOCHC— —O(CH);~C— or  —OCH;CH—
R' R? CH,

30 wherein R! and R? independently denote a hydrogen atom or an alky!l
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 Y-Li-(B)ymL2-(CH2CH20),-L3-X WIn the above-nentioned fornul_g,
and L, 3 independently denote val ence bond, oxygen atom or Ilnﬁéﬁ%ﬁﬂ%
proviso that, when m is O (zero), Li and L2, taken together, may denote
val ence 25 bond, oxygen atom or |inker. aldenot es a compound of the

foIIovmng 011 11. 7. OCH -
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to 5; X denot es da rogen atom&_I &nﬁar resi due or a peptlde resi due; Y
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and L2, takerefinedahave Weﬂmr@slaecmmbu aLn@ndfemg&llyargbeénwrkm fvdes amo

Li. InC|dentaII Kk o}. e AL ot her
than O (zer é%rgg?(#}ié W%?lﬁlgs%eé—@%qq@& Zo{"gs Tva enceqt?ond or
-(CH2) r - \Aher(QLGHgCEhinenbjaeieamtleetaegelemfe hond c& ~ACHA%-twherein r

above- nenti oned @é{m ere rrgéb aks]ed the polyners as are shown in WO
96/ 32434 (orm@ygie ﬁf”ﬁl B89 86910 Rhi ch was di scl osed by a part of

i nvent 08@ of the %@%E@tabdﬂ/@ﬁé&ﬁone&@& 3 3B etrBmblyhe dakdnthd, 925, 720)
and WO 97/06202 (or U.S. Patent 929,17 Bi oma erials,

21, 605- 612 palgoReroas BBeshowyHn %@ 96/881436n805fUt§eEé§c%t P34, 968,
pol ymer s whi.Ghi & Grd 0 d?fcloyé&%w%am o WS bRERL GrRERE iRFbElGh O

docunent . I nventi on t1 one ener a
formula M V\/rWrG:I%/XBQSBdbesUaS ngbent B925F20» agnd, WiIONQEA630% {aed).Sor o

| gosacchar igles (\Rigdh 19%) Wik Bo' & AL, BIGAa M AR, 2B 80BLRY'Y 2002, or
15 a slight modification of these polymers, or polymers which are to be
produced in a way similar to these patents or document.

In this invention, a polymer of the above-mentioned general
formula (I) wherein X denotes a sugar residue, e.g., monosaccharides
or oligosaccharides (which may have up to 11 sugar units, preferably

20 up fo seven), in particular disaccharides, which constitute a binding
domain of ligand to cell surface receptors, is preferably used since a
surface which is formed from such a polymer effectively prevents the
adhesion of what is called cultivated cells in this invention. A
polymer wherein X denotes monosaccharides is disclosed in the

95 above-mentioned WO 96/32434 (or U.S. Patent 5,037,969). In
accordance with the method as mentioned in this WO 96/32434, any
sugar residue as desired can be made to be supported. A slight
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



20 up to seven), in particular disaccharides, which constitute & Qjdisdi%hos
domain of ligand to cell surface receptors, is preferably used since a
surface which is formed fromsuch a polymer effectively prevents the
adhesion of what is called cultivated celjgs in this invention. A polyner
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of such oligosaccharides |[ng¢lude | actose gnd varioous ki nds of
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formul a 1Ll :den [ | ' | | a
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o, Bl S e e Sk o5 bel el el oo iy and ot ner
which lectin can bind may be used as a hydrophilic polymer in this
invention. Anyone skilled in the art would see what hydrophilic
polymer is like, from the above-recited polymers. Under

20 cell-cultivation conditions of this invention, hydrophilic polymer
means either a polymer the whole of which is water-soluble under an
ambient condition, or a polymer wherein polymer (polyethylene in the
above-mentioned example) which corresponds to polymer-constituting
segment is water-soluble. Those skilled in the art would be able to

25 easily choose concrete polymer which is conveniently usable in this
invention, from the above-mentioned polymers in the light of
Examples which are mentioned later.

Y, or Y-L1—-(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
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sil ane treatWeigh correspends jayapd ester segmanigisapregonshhadhsredkto the

copol whe{at I3 : 19 | ve or
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to said surface of cu req.su rt to nmake a surface of hydrophilic
subst ance. |Yﬁ5§§}3&{1%${$§§?k&£$€ en, wth a view to enhancing the

adhesi on ofI pol éhrreWh@niaosmmh Icysrnfrsuquﬁﬁnrh@@euehrmﬁdﬁcﬁ@naaigdoa %lé SEgment
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such a functional group as _recited in'the above-nentioned U S. Patent
5. 976, 826, tam;p\ger-gggn’qaoned functional group to form a covalent bond such as

-CONH-, -CONHCO-, -S-S~, -0O-, -Si-O-, -NH-, etc. How to
introduce such a functional group to Y, and examples of polymer
having such a functional group are given in the above-mentioned U.S.
20 Patent which was applied for by a part of the present inventors.
How to provide a surface of support which has a functional group is
partially given in the above-mentioned U.S. Patent 5,976,826. Such
a surface of support can also be prepared by subjecting a surface
which has been coated with polyamide, polyurethane, polyacrylamide,
25 etc., to plasma treatment by any 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
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property, tipredudeta satrface of hydzdphikc sabdtahus. adhered cel l's are not
detached by m | d ¢l eansi Qr rinsjng..,Such surface may, be rmed 5 of a
conpound whi ch hagsﬁ%‘i%%afﬁpé GR %?Cg?";lr%‘fﬁr%_&’ﬁd?rc@"bqfd Bya"‘fIP(X/I silyl
group, al kylnéthed iwigll draipn & thoseoskidl&P iR eWRMGa rt ishieh as Wdi ng  protein
whi ch constitutes efggtracel lul ar matrix) which has charged _grqup (e.

_Coo, - Poshattery iprmipgnmethodiard achlickepaitesning methedy) @ﬁﬁgrab@iy,’
hydr ophidic _ | by B4 bt L D3
above- rie%:i tgﬁééngpdgﬁ%@%h%éﬁ%ﬂg?oé%&g% | onega%o%gggﬁ?%&épc?é%&?g a
surface of Kodeving mannesscanusiacestidnvdrophiligpalvyesjniformesipnae can

be produced [y A% support, and, on this surface, there is placed a pattern on
which holes corresponding to islands are arrayed in a desired manner,
and, via these holes, a plasma treatment with use of Hz + N2 is
20 conducted to remove polymer layer which has formed said surface,
and, then, thus obtained islands are, if necessary, treated with a
compound which may form the above-mentioned cytophilic surface.
The above-mentioned term “if necessary” is intended to mean that, if
a surface (which may be a surface of device per se) on which a surface
25  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



met had well known to those skilled in the art, such as a patterg@#,&%
nmet hod and a m cropatterning nethod. Preferably, 15 however, i st! a F\g
a cytophilic surface are produced in the follow ng manner: a surface of

hydrophilic polymer is fornmed on a suitajg e support, and, on this surface,

there is pl d a pattern,o Leh hol es correspondi o i sl ands e
arrayed i h CAEEs PEAUHRARBRTANEAMY oL ARATIH PELTOR RS UPEFDRINE i ¢ h
use of M2 + e indrRd10PHAT BnectidiP BPKBHRCLITEES by a il %gaa;%écﬁ%r med

sai d surface, hus obt al ned ds are, | neces treated
with a conpeithdondisaiothey dmanarige mbmbsemehislandd ancoapttis! for lsas than.

The above- Loned term"{f ngces " 1s intended nmean that, if a
sur face (y\h%%egt@r% ujrefsic@‘%ﬁ%ggégi%grﬁ s _dbﬁé’né%i ch a surface 25 of
hydrophi ki ¢ pol ymgydlag esestrikfefulsivated i@l Wwhich wisertehy efilturbel ds

to no adverse effect fromthe above-nentioned plaspa treatnent, thé
above- nent i dhed comtadnalsphezgidriormies frowaicadtivated eells and amayegd: Gtuced

separated. Retaracunpiddssitd Baiier di53hen bATHEMES s IR By o
in a cultivaroesssyYst ehewreparatwidof hedortraet bfcaltivatsdbbHstas anether
cells or feeder layer-formng cells, there

sel ected as anghgr age defpﬁ_gdent
occurs substedhep Pﬂ‘?mo? ARBYENSH Ry crosslinkage anong thus cul tivated
endothehjal cells (@) fiTpokhasic 8ra %éﬂ)ﬁbf‘@t%xﬁ%ﬂ%ﬂ"f?@émrﬁe t&fbés, in

particular anong s5 hepatocyte spheroids,” on the above-nentioned is|ands.
The passage cxitixgtednszoased: harspivceeatangupathm selutionoin amergawa or

crossl i nkage” e C | f i ds of
Ut vat eq ROERAE rad s oM HB) B, REE.CTE BORAEL HAsld GRIFER (0
account s f orselgasent,hprefet@bdy apafyenebby thesshdveam éntionedrgerasilr ably 0 %

5 ueh 2 coneliuet, 8 SHLL iR 8 S hSHHRURRESR BBt R oo
in a deghredioritesa sagaalreidge oton mgcm?;\tﬁm essidudly Whenatess for the
preparation of .a copstruct of cultivate el s . as another enbodi nent of
this invent iséw.fafi@()g\fa?‘iéué’lmr&éﬁ rﬁﬁgﬁ Léﬁ@lst 1@?9’ é\lﬁ? SRR OFy %anﬁo be
cultivated i §08d 88l prBViciRily refldrad hyli bpRoBR! by iz0fhedtin it WilRN C
hydrophobic silane coupling agent, subsequent treatment to render
islands cytophilic may sometimes become needless. Silane
20 treatment may 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



sol vent (such as toluene) or water, of a polyner based on PEG Z%é@w'r 0
preferably a polynmer of the above- rrentloned general formula M 28 I°§/

desirably a polynmer of said formula wherein X 15 denotes a sugar residue or
an ol i gopeptide residue. Wen the surfage of said support is nade of

gl ass, if hydroxyl sai d rface is reV|oust render ed
hydr ophobi ¢ nbgnemol g‘é@f?érf u&di}f’yﬁrrﬁbﬂgﬂ sil ane coupling agent,
subsequent treat mepy todﬁ@ﬂ%rsuffﬁgé”%@ﬁl hﬁ@%éér?oﬁ%ﬁrféﬂ@ﬁ 's'ﬁ@% (Rgcqme

needl ess. Sil ane treatment nay be con uct ed e.g.,
the one whinghsk patesin evieth habipl@rslbales o:ﬁhslarﬁlsoz'/gmafembbwlreg Ja2000,

21-27. | dent to_t
above- maﬂ'f : @%Q%Y%é?sdég%%@%?%ﬁdggwnﬁéobn;% Sgﬁf %J]?I%lasgé%er al
formila §) :ORifRbhs ¥s deAAIREAGPHEl ube opwmu%y 2pPh &g bonéFatel] and,

coating; later, amno group of a sugar into which the am nqg group has
previously bhes, pnlym@mdedersn slmp@cneaome@qmm tothaholgtiad® reaction

th al deh h t
e 2 e e S8R BSRo SO, s MR ISR iateg
resul tant pahiyf®de 1gaygpo§e(hce opti rrumthl ckness varies depending on 30 the
Chi ckness whi ch pKEYent 3F BGkESYARY. 0SB 2CEIBICH HARTRED E8PPSCdIoET s
differep) (RELEIVABE Solmef ihiéy FEY RAERMERMjeerld So plasman il and and

correspondi ng cel er"1sland. Any skilled person woul d e able to
det er m ne smm&ymelrhz&ﬂmasmﬂiyaangnm‘l@r davarge pm lmgm%nflat

non-restrict ve r W | ecul ar
filmwould rﬁﬁ?ﬁﬁg‘%ﬁ gﬁﬁtgc%gﬁf gléccéa I C E‘azsf?b n obt alned in step
W a mask lfﬁbxheéand/\himfbxhas thwus 4b Heohaslidifedi eympdnh(:pref erably circul ar
ones having a dia er out ,50-.50Q ~L i Lace SGR 5
treatnment is cond ﬁ??‘r Okbtfalﬁfg W:?aﬁﬁ ﬁ%toé)gﬁg ca]tsg)gn %nd,

thus, p%yrr%he&axé% @jltﬁqmunioﬁméw@ﬂwomelmecam G saiabldesell et ed
and rermved and, for jnstance, drophog_l c-treated. surf ghafceﬁposed

(O If necedbarmarkes, farrexampipi chuman fusicelaroven BI)}
provided by Dainippon Pharmaceutical Co., Ltd. ) with use of a culture

medium by which such cells can be cultivated (f suitable, culture
medium on the market, for example, “VE medium” provided by
20 Dainippon Pharmaceutical Co., Ltd.), and, thus, a layer of cultivated
cells is formed. This cultivation can be conducted by a method as
disclosed in Japanese Patent 2973976 or a modification thereof.
(E) On the feeder layer of cultivated ce_lls as formed in the
step (D), cells which are different from the cells that form said layer of
25 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.



10 renoval of polymer |ayer may be either subjected to plasma
.polynerization with a nononer having a cytophilic group via t he?! AUGUST 2006
above-nmenti oned nask pattern, or coated with a polyner derived from said
nmononer, thus to be nodified cytophilic. {PD) On thus obtained surface

havi ng cytophilic.is d 5 re are cultivated, for instance,

en\éijt gel iyal ’sl%‘i ?9555%33%1 eWE‘@PI ﬁ%ﬂatéJWégYﬁ%l@e??e &8 mpl e, "human
funicul ar vei i N ) Pt :
o e VEp R Rt Aflondd Getls, spiéaiaed MLV BANML ARy REABEE tia ity

cul tivated (fofnsed wndtdreat tedstuP4 homai aomaofedder Iayereds, cultivatednpdlés oME

medi uni’ provided, by 20 i ni ppon Pharmaceutical Co., Ltd.), and, thus, a
| ayer of cultlll')iev%bgée IB@BI%]SOQ@??% * This cultivation can be conducted by

a net hodsas discl ' apaiie : % ' ' :
t her eof . 5( E) On th(gﬂfqglégglrlél ayer hgpaggﬁ‘%evsg%eg%g?%e gg or ?r%%%?rﬁ}ﬁleds step
V, cells whiafteuwltivatieds parenchymalicedlcen sfeadar Yayen ehbeultivated oflls a6 t he

cells, pref b ) lLls culfivate Al t heugh primary cells
are prefer aebilrt.‘zé %%?Qﬁ@gé%%%sﬁ#é*ﬁe‘gh@ ?gftg%%%ecggy wmy’ﬁal cells,
any S]I?ECi 63 c@ﬂtiﬁi&itﬁ@n?ﬁed&bd. : Wit ﬁé%iﬁd @bmheafulaﬁlbatiél?&ji'?fa@ﬂﬂ@@'nﬂﬁscle
transfected ce]ls w 0 so long a ey. aLe . capabl e or g a

spheroi d of €% is\‘?gt’tdsgémll%u@ﬁ "ghej‘é%mél ﬁé%tl? Cﬁhﬁ@?t%ﬂag)ﬂééﬁﬁgc%en
cultivatgd [ 0 1 et f111:8i.S, 4 ' : t elial
cells orlgf i g}rggg?ggp gz\%\hll%:d?\-efl g?r%};g&j f%e%%rahl%a%/ﬂ}rﬂs’gdﬁg ce?eﬁg jb%r?%g%r m
spheroi d, prdypestensignr EndBOAR): 63B+e43anathiraspect teghedtwtivasion béi r

origin. It is:pr r , atl ' . I ane origin.
These cel ls éirlaé)cgielgbg% %a‘?‘%ﬁﬁﬁgéfﬁyﬁkgﬁuﬂ%%ﬁtﬁaﬂtnﬁggkﬁéﬁé (see, for
i nstance, S.40§20Bi23t Ba7e408; andindthalespBebgo the AUEVSEIGNS betd ckIRSof 14,
378-387). Wien hepat ocyt ape, Ys as_the gbaye-pentioned.gells,.
spher oi ds ofpa(,rbcf"telpa\?‘atsgé ‘ﬁz[p’a?ﬁﬁf@geg?@%%éﬁl’sglch%%ﬂ’aa?gﬁoﬁ YP¥Est 24
hours onsa fAasel580Q00a): ¢BYL1OE, elese Irefei®h cdd feidpOMBnrRI AR,
I slands. 5 Qther cgl lsﬁ;rég hepat.ocytes are cgp_abl e, of form ng spheroids

I

of cultivated par €neH} | Veieh axertochrusedyiay this mientianddecel s on
the above- ngifongsly stiandsy eIz &4 bbtyRicH b ardn k¥ method such as

surgical ones. Also usable are those which are available on the
market from suppliers such as the Human Science Promotion

20 Foundation.

Thus obtained co-culture is usable either for bio-devices whose
surface is made of a cultivated cell construct per se which has the
co-culture on the surface of a support, or for bio-devices whose surface
is formed from said co-culture. Although not restrictive, examples of

25 such bio-device include a device for the test of toxicity of cultivated
parenchymal cells, a device for the screening of substances which
activate the function of cultivated parenchymal cells, a device for
medical support of the deficiency of parenchymal cells and a device for
trial examination of the physiological activity of pare-hchym al cells.

30 A co-culture (comprising a spheroid formed from cultivated cell
and a substantially single layer of cultivated cell which forms a
substratum in contact with said spheroid and which is different from
the cell that forms said spheroid) in accordance with this invention
which is supported on bio-devices is retained on the surface of said

35 device stably over a long period of time, and also maintains function



“cultivation nmethod. Wth regard to the cultivation of cardiac S
cells, see T Shimzu et al., Journal of Bionedical Mterials RgiéeAngtthszzo%
60(i) (2002): 110-117 and G Illiano et al, Anerican Journal of

Hypertension 15 (2002): 638-643; with respect to the cultivation of glia

cells, see g nmboa et .al, Neyrochem stry, International, 40(2002):
397-403; andSWctha¥ éEEB@t“ F%leeﬁén% Pochian ya the wseolhetascell of parsreas,
see J. L. Peljls ' . | ' ; i Lfa 0
(2001) : 184351%%8,% { Tifn B the a%féﬂﬁf‘%ﬁdl%tecs IV BLA 2 wibh WeRBrd
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Pronoti 0§ 2anbephedséieallyl QuSfoeh apkdosds %x‘i‘_latéﬁp?%élicelfls&}g 'aﬁpfé&é]:%hnﬁl%rd

bi o- devi ces whose surface is made of a cultivated cell corstruct per se
whi ch has t Herayelaatters. onlheshamper efcepbereidsompmet islandfiersulistadbislles

whose surfag ' ' - CUlqt . t hou t_restrictive,
exanpl es of q%@%&%&%%ﬁé@eﬁﬁdﬂ%@g%O:a{ddé%%&d%b&p tﬁglrtr%g‘&anlel’ oxicity of
\(/:\Hl t ihvat ed M@tﬁdgmb l@i@l'dievifca i@hﬁﬂ@:@ﬁ'dfagicet Wetls ﬁh@iﬁﬁ&ﬁ%n&ﬁhﬁﬁ?ﬂﬁ%ﬁ

ich activat e .function of, cultivated parenchy. cells, a device for
medi cal supéﬁg_&" velhaena ‘?‘é’itérféymfﬁ*orbg‘?@np yghﬁew%waamc&m or
trial exgm nafilag) ghr bhdeRlY ShAOW s QUMY U 510Mh BHIBUELVIERYs ColdrRfor) A
co-culture (conpfising a spheroid fornmed fromcultivated ce and a ’
subst ant i al [usadiledior the seresmingl of eavizengeent i sibdstance whichimsay dtaws i n

contact wt ' r ol . WA ds didf nt . m. .th ell that forms
sai d spher oir}ﬂ(ﬂS %ﬁugﬁgr%%c%b%lmﬁ%@ﬁr nvée%&ﬁ%ﬁn l%ﬁgﬂc? §g§ﬁ?ﬁ)8?’ ?Z‘Eia‘?ﬁfi)

bi o- devi ces hysthetmabnetbringtdfeheunfaph dbghaildldmge v grrogiuablof splerosd) ong
period of tinme, and al so l.ntains function ﬁ% AUGUST 2006 18 (such as

i nsul i n- se(?r%t’icﬁ)gm?%%&{liagﬁuirﬂlq RaEogRetion aBity. cal | of pancr eas,

pul satigs functiorCoftulbere asleichf iscéiilada edUsttiee @fbte-mibhtiohedaddlithPe
Fh & bio- defPlECORs BRCtLAs BRRARICR Qi RoHRBGHRY pap by hgednge. 5
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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



.arrayal pattern. The shape of spheroid on one island is substanti
i ndependent fromthat of spheroid on another. Furthernore, sph’él’ﬁ'l%}/sc-)rrﬁogs
bi o-device in accordance with this invention maintains a high-Ievel
hepatocyte function (e.g., high-level albyrn-production lo ability) for at
| east three weeks stably. Such abi o-device is, therefore, usable for the
screeni ng ofrefarredoteatacetabEGAREA )Wwwich amynbphenyé&actﬁsledeympimn

hepatic function. Suc i nf nce ca be evaluated , by n|t Li ng of
he. nor phol GOREAIE MNP BIGHEIerof 1SPRE FUFIACE WIth & UHARGESR P! Abott
al bum n- progiey | ﬁf‘vs?’at% féﬁﬁsedlS G814 firen ¥l g%lgkﬁeﬁ@'lh?bi‘%ﬁlfébé Niere

af or e- rrentloned culture cell construct can eel ed t he sugport by a
physi cal or was p&m@edaamasleaam Ihmgmﬂddr&dnwrﬁ&@mlw

enmbodi rent of this inve tlon e in tna ant tion, organo-re
gener at i dn g‘f?dlen%%ﬁ"'f”@t at%?&f V?%Q%}%ELHH@S?Ed Pﬁgn F‘m/%ntlgn i s
further expkpésigdebt ofdHg HeNaz wasadriudted EIEJP 9\&§srerT[E@03WnBiﬁ%>éW%r

e under st andi IS

ded onl
PL\?\e“nt |eonon %&&dﬁa—\g:ﬁ@ CI l‘:iﬁ@ggcmao SECHMi 4 & L0 gﬁoljlﬁass&”(QG X 76

gc?d?h%nr{)gen perom%lg ﬁ%f‘g&aﬁ?at&égo%hﬁﬁt&kérmﬂgalﬁgglﬁhﬁgéﬁurI :

Subsequent | glagdeusfadescwert &)tpcxsedglaaserd\'ag tenhersdsbveydrexptiohied mpsk
silane couplin

[ 3- (mt%er?@&%m ?%@ﬁ?WFrﬁmt hoxy5| | ane sol ution in ethanol /water
(95/5). The surfa@n&het@bﬁv@rﬁéﬂtﬁﬂaeaosﬁyfﬂc@phﬁbr@wéga b@fédSDtﬁbeeé&§S

o, L o DA 15t hor A e
Feduct | ve gﬁqe‘%agl%‘ﬁ%e Qér“‘?aﬁé}géggé’ﬁ%ﬁﬁ%'ﬁﬁ?f%&Biﬁél?%%PEﬁe@%?ﬁfﬁ
gl ycol ( mol bydracostisopegnd ssrep@myein), yrd tihis, (th@recmaaffomeglmell 8, 000;
ngn'r ﬁgg?\{e %iletét@%@ﬁs pl? (O}%gg]teéﬂtﬁ?g bc?od)aior?g%%dﬁggeg:t@el a\;/\n; hsur face
with at h| chbese mfersthJOHEd 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?, and were then statically cultured in
an atmosphere of 5 % COz 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
25 a cell density of 1 x 108 cells/ecm2, and was then statically cultured in
an atmosphere of 5 % COgz 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 5 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 um,
35 adjoining endothelial cells got connected to each other, and, when the



100 ~tmwas fornmed. On thus forned polyneric |ayer surface, th

pl aced a mask pattern having circular pores of 100 ~i m which 59{1E‘Aud’t§3§rzoos
separated at an interval of 100 ~Lm and, then, a plasma treatnent of H2+
N2was conducted [ICP power: 500 W Bias pgwer: 30 W(Vvdc = 60 V), N2+ H2=
50 sccm 30 sccm 2 x 10-5 Torr]. As a r It of this plasma treatnent,

there were fQf&BhIPRE8SMEHNh6Ftergtelds forinfedce sheet ared@osadumstaneisng t o
t he above- rrentloned magk i o- pattern (see Figure 1)

above- ment i éseel Kigurac®, tGenerady whem éhemsoeem%erméqw@a qfagl e's

medi um ( DIVEN \/ m

ol ucagon, - opPARET b ERE o Bed sl Fiertad p B m gl
streptonym Mepodytédius, there was fornmed cell 15 adhesion donain (or
cell culture E?ed) corresponding to the above - nmentione d pores. b) Cell
cultivat?on: On the cell culture bed as obtained in the above a),

angi oendot h idqi o 1I Q4b ortic endothelial cells) were seeded at 20
a cell denst CM2, and were then statically cultured in
an at nosphere of Hr4lng obtaﬁ?éctafrnayzi hepatsc sphesoidsdupatic fincten s

wer e adhered accor di to t Iass ern of —exppsed Fi gure
2). Subsequé%?i? a Y?/r 8[}9 r%e‘&o h Uyt Eé‘rﬁﬁ?’@i’?oﬁ gnﬁece“ﬁ%wgpar ed
fromrat’s |gi¥RIm S&Haﬁﬂeﬂé%fseoﬂﬂﬁéu%ﬂﬂs\(@lﬁem%ﬂl}abﬁﬁlﬁnﬁ@ huﬁﬁb@ﬂ)ty
of I x 106 cellS/ and was then statjcally cultured :ﬂg?ban at gﬁre of

5 % C021at 3fhepatiesphsresds,Rudy therafore, siagh yge 1§ MR ly to
the endothela dmpg kﬁlmg (}haﬁeﬁgmﬂomaﬁu@%ﬁﬁ%ﬁw 4Palth

above-nent i ern an array of spheroids was ?%)rmad (see
Fi gure 3). ‘Btesidelsepatmdtﬁﬂe,sqagercmldjwatmdnhapm’ad spdyerond, Wh'lchn@nto(beg ,

al bum n- produci;n bi L St h
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the 21 AUCUZL+z89®r i#0a medical support industry.



interval was nmuch shorter, cells fornmed a sheet under circunst (ﬁb éﬁﬁﬁs
Figure 4). Generally, when there is no patterned |ayer of endothelia

cell, there is forned no spheroid pattern of cultivated hepatocytes. 5

I ndustrial Applicability In thus obtained array of hepatic spheroids,
hepatic function is naintained over a hpng period of tinme. Furthernore,
one culture dish may contain tens of thousands (theoretically an infinite
nunber) i o of hepatic spheroids, and, therefore, such a culture dish is
usabl e for the nedicinal assay of te¢ f.ct housands of nedicines at a
time. Besides, co-culture, e.g., cultrvVv gd hepatic spheroid, which is to
be peeled off said array may be used. in the field of transplantation or

| i ver-regeneration englneerlng Thus, this invention is usable in an n
i ndustry whi ch AsCyles cellFonftiist whichionmprisss cowsubivras ofdiferentisnimakgell acti on

or in a medhials &1%95&1’“\)@%&% bie sp%&e@‘%ﬁﬂggo-%gﬁ\ﬁes 23y s%l)mornled b%’ CU| tured

cell construct which ngrlses co-cultures of different ani mal
speci es on caltivatsd oelis whise pes dﬁ:rwargrpe:@reeghmal tchlds setected |Iftony the gr@Pa spher oi d

formed by GHIEASEAELAS, Wbl clhat B Ll Gl SIMRALSRCANTRY, SEh

sel ected from coh5|s I Ng eta pancreas,

cardi ac rrusepitleelmbd:dlls (ke;;hmra)cgztels)l shonsihcmes,ejstebhﬁbs ald see tells( the odet mctﬁ es),
chondr ocyt e st eocgrl% and stemce]ls; the oth .of said

co- cul tureso $aif re-cult rms @ FHPSIRIUED I CoRtact Vit sal ﬁlales%fﬁé? sdnafmaia n g

formof a sab@a&am gagiemayferegbanbayoeéeu@fwh%mlae yahed fofl Letis WhiGhyrar e derived
fromcells which are “capabl maki ng sai d spheroi d-naking cells survive

and/ or f un@apacwp ofgngking eareﬁplemléﬂahglg ceHs $w|vv pififed funeticomnshid tayersexisting
support; gn lr%gldSAIr]sl'a{x](ﬁsro% s%Eiesuilgort é e a'flxl. &%a%? EWOV\%] r?tu%r e
er. . cu UI’ e

separated fr'om one ano construc a i'm | wherein
cel | s whi clwHidr are s¢eeated ffomrome ahatpat ocyt es, and wherein the other species
of cultivated cells which are different from said spheroid-formng cells
are originated fromendothelial cells or fibroblasts. 3. A cultured cel

g gng g (r) uct gf cl & ealurdth@liBdoRstiueof dhirNHwhaginadellavarh Tbrnbhetoid 200 2 to
~trn
hepatocytes, and wherein the other species of cultivated cells which are different from

said spheroid-forming cells are originated from endothelial cells or fibroblasts.

3. A cultured cell construct of claim 1 wherein the island has an area of about 1,500
to 30,000 pm?>.

4, A cultured cell construct of claim 1 wherein the island is substantially circular and

has a diameter of about 50 to 500 pm.

5. A cultured cell construct of claim 1 wherein the island is substantially circular and
has a diameter of about 50 to 200 pm; and the interval between adjacent islands is at least

about 100 pm.

6. A cultured cell construct of claim 1 wherein the islands each of which carries a
culture are separated by a surface of support which is made from a hydrophilic and

cytophobic substance.

7. A cultured cell construct of claim 6 wherein the hydrophilic and cytophobic

substance is a polymer based on polyethylene glycol segment which has a hydroxyl



4. A cultured cell construct of claiml wherein the island is sub ially
circular and has a dianeter of about 50 to 500 ~im 5. A cmtnﬁképéﬁgﬁﬂms
construct of claiml wherein the island is substantially circular and has
a dianeter of about 50 to 200 ~tm and the interval between adjacent
islands is at |east about 100 [tm 6.,4 cultured cell construct of claiml
wherein the islands each of which carries a culture are separated by a
surface of support which is made froma hydrophilic and cytophobic
subst ance._ 7. % culi¥rﬁd cell construct of claim6 wherein the hydrophilic
and cyt opREBIPAL OB BEYSISHRINAL: o7 o yer based on pol yet hyl ene gl ycol segnment
whi ch has a hydroxyl 21 AUGUST 2006 22 group at one of its termnals. 8. A
cultured cell construct of claim®6 wherein thebg{droghilic and cytophobic

r

subst ance $has pgoryeraiaedirengrustof claimghwhereiatbe busirgphile sndecysenhabist . 9. A
cuttured ebdarsPRR Stfhfibn lgég%m?m Sébglil?&id@%?érg%{?' |1¢ and cytophobic

substance 1s selecte romt p con Ing O ysacchari des and
derivatives which are based on a pol yethyl ene glycol segnment, to one of

oroup condt st i A SRFRRYERhitect PR S RPR B P ePIERs ELSRRGEE cach of
whi ch constbstaice isselicrdifiton thergeoup @hsibtirgrTeholyssechfides and fapRtivacantprs. 10.
A cultured cell construct of claim6 wherein_the hydrophilic and cytophobic

subst ance aresbasedorya polyeinyleae elyeolsagmentoiq ore ghrpeseriimindls isloprdentilegnent, to
one of wh 1 . < I gosacchari des each
of uhi ch e R B R OF b e ce |

const r uct otigoswaketiandé andentigopeptides ¢aghloOphich conséinde e pindpigaloimain sflligahdince i s a
sugar derivatjve.which conprises a polyethyl ene glycol segnent, to one of
whose terﬁ‘?ﬁﬂ' iw%?eére&mgrlsemly bound nono- or oligosaccharides each of

whi ch contain at |east one gal act opyranosyl group, and a pol yl acti de

segnent. 12. A cultured cell construct of claim®6 wherein the hydrophilic
and cyt opH8bi ¢ A Sliyeadfsdeopgrugt ﬁé‘ﬁ%‘f"o(_éwh@?‘i“\ib‘? hxdsopidlieandsytephgbicy et hyl ene
gl ycol segiBince 1<% 85 ®ivalthosRed 61 &Tb&l%tgyl@ﬁeeglgf&i{ @J:eﬁf(x;%ﬂtﬁo BA& BEwhose

ol i gopepti des which conprise an am no aci sequenc
ar gi ni ne- ¢¢ryndnahearg spealently bapndmong, oraligodacehacidesceach of whish containgt leastai m 6
wherein i%hgggaag@lgm%wface which is made of a cytophilic substance.

11. A cultured cell construct of claim 6 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.

12. A cultured cell construct of claim 6 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.

13. A cultured cell construct of claim 6 wherein island has a surface which is made of

a cytophilic substance.

14. A cultured cell construct of claim 6 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



14. A cultured cell construct of claim6 wherein island has a sur ich
is made of a cytophilic substance selected fromthe group cons#sél'?én‘gsfg%uog
conpound that has a hydrocarbon group, an al kyl silyl group and an al kyl
fluoride group; a conpound that has 21 AUGUST 2006 23 a carboxyl ate ani on
and a phosphate anion; and protein thaj,constitutes extracellular

matrices. 15. A co-culture which has been. peeled off a support of cultured
cell construct as defined in any one of clains | to 14. 16. A bi o-device
whi ch conprii es 2 sur fac f%rqﬁp froma uItur%d cell construct as defined
in any ond 8oty aiefqn qng A PROSPR3te ARIq; GRIQICHLN}CORPIINLTS SFT 13 n each
spheroi d iatiose. or nore co-cultures in the cultured cell construct has a
substantially spheric shape and has a diameter of about 50 to 100 gm the
i nterval between adjacent spheroids is at |east about 100 Rm and the
spheroi ds jare so.f r r.t.al I,Q-.devi ce of
o ai m L6 WAL ohy & e PR phOcepEbiB R o B i el ooftb 3T, “Tre

t est of t defimsdtiy any ospblaiadimd-1ftoddi ng cells, a device for the screening of
substance which activates the function of spheroid-formng cells, a device
for nedical support of the deficiency of spheroid-formng cells and a

devi ce fornetri al biexeuicaahichtofipribéses PPMEE RHAGH Fai AGlthMdlc¥l] ebnspaERChy mal
cells. 19. A process to_prepare a cultured cell construct which conprises

at | east oabredde apyprgeldaigs Idpfifterent animal cel | species on a support in
whi ch co-cultures spheroids are carried on a nonolayer of cultivated cells
on separated plural islands, which process is characterized in that, on

the surfad@ of Asbiplerice af claim Whivberea each sphietaid & twe drandre cadbléuredin thd here i s

formed a I [ [ sed on a.nEl yet hylene gl.ycaol,. segnment. on f whose
term nal sef?lg}/rgr?fﬂ,e?%g%%%l%gsn? fu?P Sﬁﬂ%@&n%gg}%@%%?@rﬁaw dlﬂﬂj%a Bb%{‘tgfgﬁcbound
sel ect ed fl0®pm; theen@rvaill petoeasadiddengsphéroftianoat 1ist 4Bon OFREHNad tHes and

ol i gopepti des which constitute a binding domain of |ligand to ani nmal cell
surface ré@@fﬁ‘g?%r,eSPﬁgf‘yetdf?ét%géWe@Cr?étﬁ’c“iR?ﬁ%ra- pol ymer layer is subjected to
pl asma treatnment via a mask pattern having plural circular holes which are

separated fromone another at an interval of at I|east about 100 ~lIrn and
whi ch havé8a diAdnetdevicepf epinui6 wbichdpselactad fromathemdupnaensiktingf a devichus

renoved f j whi r th ove-nentioned hol es, that,
i f necess g@;{h © {(‘:e;gll]tOggﬁlaflwa%t}}%@[déﬁ%gﬂﬁggeg%Sldfglagfoé l?esﬁcﬁer?ag’gfoﬁﬁ‘ms\%‘ff% h
pol ymer | swhinh detisateethe furetion efisphtiodd-forthind 4Gk d2016 forddedical support of

the deficiency of spheroid-forming cells and a device for trial examination of the

physiological activity of parenchymal cells.

19. A process to prepare a cultured cell construct which comprises at least two co-
cultures of different animal cell species on a support in which co-cultures spheroids are
carried on a monolayer of cultivated cells 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 um, 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



endot helial cells or fibroblasts are cultivated on said islands_t %é 3
nonol ayer of cultivated cells, and that parenchymal cells seleéké qg+qﬂ 6
the group consisting of hepatocytes, beta cells of pancreas, cardiac
muscle cells, glia cells, skin epithelial cells (keratinocytes),
chondrocytes, osteocytes and enbryonal oj, adult stemcells are cultivated
on said cultivated cells to forma spheroid of said parenchymal cells. 20,
A process to prepare a cultured cell construct as defined in claim 19

wherein sph - m N cells e aL cytes. 21, A process_ to
prepare a c?ﬂdrpﬁ'regﬁl C@ﬁ? pr ﬁlamﬂ{aﬁta@{e & “’3 i0 8 %ﬁ "&qssé? %qrqlga RABaYes of he

pol ynmer | aygllti¢s8del 15 & dah 4 PhadeEymyid cal} sbl‘éct@é‘%ﬁh tﬂé‘gﬂ)uBbe{ﬁ&mg'o?ne gl ycol
segnent one of whose terminals i's coval ently bound ™t o nono-

ol i gosacchahépdtosytes betascellp pf panseas spidiasarusclesells, glia e¢llsi slvin emﬁ@h@h aslleach

spher of d | noEHnSRIEH UEERCAES feotiaahaBhbAhY FRASH L 30APS A0 NBE 3

di anet er Scent sphero i ds
is at | east onakmmculfiﬁ)dhec{ calls tafaimtd‘@hsmhbnrfcsadq;aeanehmla:elrlsayed as to forma
certain pattern.

20. A process to prepare a cultured cell construct as defined in claim 19 wherein

spheroid-forming cells are hepatocytes.

21. A process to prepare a cultured cell construct as defined in claim 19 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.

22. A cultured cell construct of claim 1 wherein each spheroid in the co-cultures has a
substantially spheric shape and has a diameter of about 50 to 100 pum; the interval
between adjacent spheroids is at least about 100 pm; and the spheroids are so arrayed as

to form a certain pattern.



