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Background Art
From a functional viewpoint, animal cells are roughly

classified into parenchymal cells and non-parenchymal cells. Among
these, pérenchymal 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 pum2, preferably 1-500 pum?) which are
composed either of compounds which have hydrophobic surface or
charged moieties (-COO™, -PO3sH") 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 Dbetween parenchymal cells and adjacent non-parenchymal cells
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i nvention 3o dta Y)ot h a cultivation system of hepatocytes as one of
two diffzerent spefjfi.eOhhetbbiect@of fige present invention is to provide a

system of cultured animal cells by which to maintain specific function
of parenchymal cells such as hepatocytes steadily and over a long
period of time, and by which to keep micropattern stably when cells of

the system are micropatterned.

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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spheroid which is formed on such cultured cells from migrating or
moving from said island, and that a co-culture having a special form

20 can be thus kept stable on a support
Thus, this invention prov1des a cultured cell construct which

comprises one, two or more co-cultures of different animal cellsona
support. Each of co-cultures in such a cultured cell construct
comprises a spheroid which is derived from cultivated cells of one of

95  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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form a spheroid of the cells.
This invention also provides a co-culture per se which has been
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
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for Carrying Qut the Invention One of the different animal cells which are
to be éB-cultivated in accordance with this invention may be cells any of
any speci esgsgr Mode fas ¢ iape0adthlel lnwéntionm ng a spheroid through

co-cultiv
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15 as mentioned later. Preferably, however, said cells are parenchymal
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 1s 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
o5 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
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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
o5  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, subsequént]y, these feeder cells
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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?2, 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 about 500 pm, preferably about 50 to 200 um, more desirably about
50 to about 100 pm. 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
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achi eves the purpose of this invention. Generally, however, the island may
have any shape including circle, polygon 9such as quadril at eral, ellipse,
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conditions as mentioned later, or, even though adhered, said
anchorage-dependent cultivated cells or feeder layer-forming
cultivated 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 le.g.,
HS(CH2)1:(OCH:CH2)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
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surface is C ve egag%l Qll,l a¥mr1eg1 lgee,eorcggxlaﬁd% dgﬁg’atwe which has an

oligopeptide residue has the following general formula (I):
20 Y-L;i—(B)n-Le—(CHzCH20)1~L3s-X @

In the above-mentioned formula, Li, L2 and Lz independently
denote valence bond, oxygen atom or linker with the proviso that,

when m is 0 (zero), L) and Lg, taken together, may denote valence

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

]
—OCHCOCHC—- —O(CHy,—C— or ——OCH2CIJH—-
R1 R2 CH,4

30 wherein R! and R2? 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



segnent. So |long as such an action is exerted, said polyner nmay be

honmopol yrer, bl ock copol ymer or a derivative thereof. Incideni@hE¢EMBER 2505
chai n" means a state of polynmer chain in which said segnment can take a
substantially free confornation when plaged in an aqueous 15 nedi um

Al t hough not restrictive, such a polyner, or sugar derivative which has a
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Z
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o the surfage | G§; I | _ 0Q% iy denot
an integer o gﬁﬁgq_&)gé AsL ggﬂﬁﬁe,essEﬁ;lﬁg@%??{dlBgegocgfgzs)?a%g@gﬁggrbggg g?
a |inker ofmay GeRbte@n integddd)af DEOG. - (CH2)g-S- or -CO (CH2) g-NH-. Wen

ol SB0t e 0, R, e AT B B NS B RiRt oo
integer of RolinBrs Wieslrd BhoS1PiMak O bere D434 éoo)U. 3. Patiant 503 D065
which was disclosed by a part of inventors of the present invention,
WO 96/33233 (or U.S. Patent 5,925,720) and WO 97/06202 (or U.S.
Patent 5,929,177) and in Jo et al., Biomaterials, 21, 605—-612, 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 to 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

o5 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
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above- ment iypda sansFidle porwelsudt is oty galnckosensiadic acid and others to
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 @M
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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ci r cumsPancBariacs eBBPRAT BPEUV%PI{ paid hl?c%éoPﬂb%@%réﬁiQ%?V%c%qr&in to
t he propert 196, i9fe SHAIF ALY B 3 drdpIRliel Allsstalr demvhidiaidhugy § igoador
deposited filmwhich forms directly or indirectly a surface of culture
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treatment, ¥bbile(Bentimyedéunotional groeyp tsfdomfacovaldiobandopotly mer
wherein m depofgsyan IWRAFEO-, -S-8-, ~O-, ~Si-O—, ~NH-, ete. 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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suitable 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

Jeast. 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



epi t hel i al ﬁells ?r fibroblasts are cultivated on a surface having such a
property, thus cultivated cells adhere, and thus adhered cel

detached by nmild cleansing or rinsing. Such a surface may be ?%?ﬁggﬂgh%}ﬂgs
conpound whi ch has hydrophobic group (e.gs, hydrocarbon group, alkyl silyl

group, al kyl fluoride group, etc.) or a conmpound (includin rot ei I ch
consti t ut es‘thxire aceliralsah stantiadly w cmnagtléna@@@épssgﬂgle@g@’é%ge%ns w

-PO3H, etc.). S f b d ' Ll
sUbst ahce. (e RPN orm o e e Sog i Al ath eyt ale! ' ©
conpounds i 1 #NeH3LONEHENEL OB R ACREBet @f iBlaticaceosnts doelads than

hydr ophi | i ¢ substance. |slands having a cytophilj¢ surface can be produced
by any nethdd vetéfeknbinless thase ki mase d?ﬁlﬂ”ﬁgfﬁétot%-such as a P

pattern-f ' t hpd d ' '
however 5 ?;Taﬂgs nﬁg&ﬁ@@@ng "L%ﬁéfﬁ(ﬁ’@tﬁs\ﬁér%ggelgrg %&g}dgggﬁﬁ?ﬂsb% Kceupﬁfélg)(la | owi ng

gﬁgnegh ?h?ﬂgf{ﬁaé}?(?l@in@%’ér?}%ﬁﬁiﬂifGrﬁﬂé&dei culftov antedl 0(\:;\11}1]3 arsliareayeddopport ,
, ace,, re.is ace t.t whi ch h
(r:]olr res pond: m@ttte@sneésan@ gﬁﬁé”eéir FEWé’éleﬁ" gaga@gg{ﬁ%ggﬁgm ?Oﬁﬁla,rel%%gytb%ge
oles, ap I | f [
y@f&%ﬁl&c@?tﬁg?}#%élﬁﬂnée%t&'éﬁ g‘lsau}k!fngtﬂ&?ctlo? AAtRenddcidis he deithee

polymer |a . _ rmed sai ace, and, then, thus obtained
i sl ands ar egmibodiapestsaf yhis mesdredoni t h a  conmpound whi ch may form the

above-nentioned ¢ .t\gggi Jt[‘b% sur a?%g}f,a g{}%pigg\éﬁ%ﬂE%%ﬁgﬁ%gbBé

necessafy" is int : ace be a surface
of device pafltpRAtenisbafed IsuEpaseodbiny, witdr apfulhitiomablyasrotgenibeen

placed is a cytophilig f i ch i el

Bbove. ment | SVEDGIEYRE 43 FERSRAICT PASThOU S RAKE S A BRI DR AL r eatnent
S _need! €5 Sgod ey BroRirabilysa BbBAMER b tHeaBsvsmprei @i édlgerdalt 100 m at
| east. Wen ural 1slands are separated, at this,interval,.b urf.a 30
dolmlal n of f hicamapla (D epppgiedty desirakiya p&i}’%l’s@fs%‘ﬁ\ {gtap s veRGBEReki al
cells ar. fihbr S : e g deps t wagd f

I ayer-}?lt?r m ‘Raﬂgﬁﬁaﬁ é,ssﬁagr%g%?c%&r% gébdg? %‘?\?léglﬁﬁ? no agggnect [ or%\%gr@r, ceder
crossl i nkageusfmeepftduid suppovtatserh atelof ghasslif dardroxyl groun epl e&ids and

Ut ot e BTl 8L oRIEA M RIS, RBREGH Gir ol 0o
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
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medium by which such cells can be cultivated (if 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 cells as formed in the
step (D), cells which are different from the cells that form said layer of
95 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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preferably primary cells as obtained by any known 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 parenchymal 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



regardl ess of their origin. It is preferable, however, to use animal cells
of the sanme origin. These cells may be cultivated by any kno MBER 2005
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biochemical treatment. Thus peeled culture per se is 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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t he af or_e-rren%i oned culture sell construct can be peeled off the support

by a pHysi Bf téa]rn \ieSchERESar/t r eat nent . Thus peel ed culture per se is an
enbodi ment  of thQn theibdvaiméitiohsdusaiiaee] théf@Rsdl apbaleidoDulbegesio-re

generation engjneering and hybrid-type prosthesis. 20 This jnvention.js
further expoadifiedofaglaermedinmm ?MEI\AS 1bep tﬁhi:PPZ}PWéeé igh igsalin,

provi ded o ' : 8o Vd 0 | 3 ' Y S
I nventi on. r!t*a ambtggéﬁgtéleg\rqr%f gglgﬁé%%ﬁ%%%%%?gﬁ%gpﬁg%gﬁ’g% Ig%éﬁslgi’ 26 X 76
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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/em?2, and were then statically cultured in
an atmosphere of 5 % COg2 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 106 cells/cm?2, and was then statically cultured in
an atmosphere 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 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 pm,

35 adjoining endothelial cells got connected to each other, and, when the
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hepat ocytes were adhered only to the endothelial cells which had forned
domai ns according to the above-nentioned pattern, and, thus, an array of
spheroids was fornmed (see Figure 3). These hepatic 30 sp i ds mai ntai ned
hepatic function (e.g., albumn -producing ability) at 11}532@3519948}3&2}9%6
weeks, and, thus, cytoskeleton was obsepyed (Figure 5 shows a

t hr ee-di nensi onal enl arged i mage of spheroid). Also on the surface of

| act ose- PEG PLA, when the interval between circular holes of a size of 100
mwas | ess than 100 m 35 adj oi ning e@%h\%l ial cells got connected to each
ot her, and, when the 19 DECEMBER 2005 interval was nmuch shorter, cells
formed a sheet under circunstances (see Figure 4). Cenerally, when there
is no pattc?rned Izl%(er dof endot heéj f"l cell, there is formed no spheroid
pattern of ‘cul t VATBEPd SRE 5aRSHUGt wRich gomprisss cocultuah pf diffsrsnt sniral ¢ellt hus

obt ai ned_aspeaies h ahapar, WHeRNCHR PocicdOMBL bo-chIMBES fsAphoidBiRLPbed over a
| ong period of time. Furthernore, one culture dish n‘gy contaln tens of

t housands FYlHEdpdessarhich aim derivadrrare peigneiemal ¢dlssklehiep dtoncthsgnarpoi ds, and,
therefore, .Sl [ ' I r.g:1h di ¢cinal assay. of tens
of thousands %? “ﬁgﬁtﬂg i %Zteg{t&gﬁ dte??rg{s% é'gesalg’gglsd ,'accrggscrgﬁel (ieuis’eg?'aec?gs.’ ,S%gul tivated
hepati ¢ sphpthsiial cellh{keratinpcytes) ehongreeytes] ostebcysai atld ateirbye! RBthe Behersdics N t he
field of transplantatiaon or |iver- regeneration engineering. Thus, this

i nvention Plisabcg%oﬁ?tg&'ir%?é'ﬁ“ﬁ%sqb_ﬁ'd?fg'fnr' C_am%tﬁ”‘ﬂésai'%%!e‘@é‘ﬂa% iSHAN @ %A ¢t i on to
eval uat e madiseiidly sidgé 1298 S cultivatd¥eld &Rich BHRRAIVE] FBRURIIE WhichPECEMBER
2005 21 CLAIMS I.. A cultured cell construct which conprises co-cultures of

di fferent SaARRAEIOf BBKing sadephersidomaling agsentvivamndraifnatios. spblayesxating he
co-cul tureg, i j y L e ich are derived
From par enchyar 26 Lo 8 S8 She P e KRR aRa e e oct es,
bet a cel | swhichpgegrsepaasd froar dicaanothescl e cells, glia cells, skin epithelial
cells (keratinocytes), chondrocytes, osteocytes and stemcells; the other
speci es

2. 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.

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 um; 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 .



of said co-cultures fornms a substratumin contact with said spheroid and is
in aformof a substantially single |ayer of cultivated cells which are
derived fromcells which are capable of naking said spheroid-naking cells
survive and/or function, said laver existing on indivildRECEMBER®0DN said
support; and wherein there are at |leasp,two co-cultures which are
separated fromone another. 2. A cultured cell construct of claiml wherein
cells which form spheroid are hepatocytes, and wherein the other species
of cultiv WL ¢ re different from said spheroid-formng cells
are origi%??gé?g%%ﬁvgﬁgggﬂgfial cells or fibroblasts. 3. A cultured cel
construct of claiml wherein the island has an area of about 1,500 to

30, 000 pi A cultured cell construct of claiml wherein the island is

| 4.
substant i &l Iy € FEHedCeRRENSINGSOTE lamnubaseinghe kysisenhilioandocysahohic 5. A
cul tured g@lsﬂan@@mtgogﬁghy@gnecgll)@ubmégm\@ﬁ@@glHtgcl?;lghgigk%g’:}’ggﬁl S substantially

circular and has a armet er ‘'of about nd the interval between
adj acent islands is at |east about 100 m 6. A cultured cell construct of

by 5 sur fhce off el bRORR R ol & eeif B piFerbitia and raphobigt ophaby ¢
sugst a?ceﬁ#b?tgndb issd;)lbctie@ﬁom_&hé gmplﬁbrﬂsﬁ&h%@fpglb%cﬁha@}d‘é@ﬁ]oed?é?i\;aﬁ%swmFerhi li Ct
and cytophobic . substance is a pol ymer based on polyethylene gl'ycol segnen
whi ch hasalagﬂifdPBMOH&fg*‘&@@msmh2@0@?@prhc&p tesénads isicowaleshni nal s. 8.

A cul t ur egbugglal Behd Which© i i . ilic and cytophobic
ui€lalcosBe: § sefdcddM-din mgrﬁﬁﬁlggﬁxlyg@ﬁ? -'or

subst ance has pol yet hyl ene gl ycol segne e segnent. 9. A
cul t ur ed Y@PracEhHiles aed oligopepiademeschifavidsmeanetuteyaibioging ldomarmnsf Iphdphobi ¢

subst ancggi.g &%ﬁ%%&ﬂeﬂﬁP”‘the group consisting of polysaccharides and
Ich ar

derivatives based on a pol yet hyl ene gl ycol segnment, to one of

whose termnals is covalently bound a conpound which is selected fromthe
group congsi sti f _mono- or oligosaccharides and ol igopeptides each of

whi ch cond it ut &g ﬁ‘gr“r%‘s%‘i’iﬁf _F.'%B*F 6 Mhgeeirithethydvaphilicgnd fatophetieept ors.  10.
A cul t ur adbsi@ide iSOBSaF Uertvadile Bhsal B § pm{la%!éﬂetg!}@oﬂéégﬁa%ﬁbk({ b AL Syt ophobi ¢
substance i s a[ sugar derivative based on a polyethylFene glycol" segnent, to
one of witEHnalg areRoyalpathubeung srenoept ¢ligopasehatidep nach dwloth gomec ehlasst des each

of whi ch Ogggggktesﬁtg,.(l)@st one gal act osyl group.

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 galactopyranosy! 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 eonstruct 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



11. A cultured cell construct of claim6 wherein the hydrophilic and
cytophobi ¢ substance is a sugar derivative which conprises a pol yethyl ene
gl ycol segnent, to one of whose termnals are coval ently bound nono- or

ol i gosacchari des each of which contain at |east one gaP ECEIPERAGLA
group, and a polylactide segnment. 12. 4 cultured cell construct of claimé6
wherein the hydrophilic and cytophobic substance is a peptide derivative
based on a pol yet hyl ene glycol segnent, to one of whose termnals are
coval ent | und_ ol i.gopepti des ich conprise an ampo acid sequence of
v o ne- B =R BTEA Bl s ion B e BaRE P T RS eriree TGN <l ot m 6
wher ei n imhtaines.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 fromthe group consisting of a
conpound gshat Ras-caltuldWel; I \kYde Si an al kyl
fluoride group; a conp%ﬂﬁgp?%g?a%ggm%BﬁEE%E%ﬁéﬁkfg%@¥g5828%§F@%%§Iate ani on
and a phdgﬁh & airyi ow,of gltmpt ot B4.n t hat constitutes extracellul ar

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 coni i ses biv-demideadisich o6mpidbet b QMMfReTuintddr sh 61 @RS Ediktru@Ss def i ned
in any aneeﬁOf claims 1 to 14, 17. A bio-device of claim 16 wherein each

spher oi d enedudt W ansebclBnclfaifres in the cultured cell construct has a
substantially spheric shape and has a di aneter of about 50 to 100 m the
interval between adjacent spheroids is at |east about 100 m and the

spher oi ds!7ar e A bioad¢vigeed clpgmtld Wherein aachepherdid ipawo er mord&-cuitunésandevi ce of

claim 16 j i f h [Lou onsi sti ng,.of device_ for the
test of f@ﬁ?%?f?ﬁ8@%§§§§§g?éﬁgﬁ%ﬁFﬁﬁg%E‘Fé?ﬂﬁaﬂib?%%d?gwa¥ﬁ§a@%?éﬁﬁ1ng of
subst ance 00wmi;che atervaldenecen hdjatemsplicosidofs a5 Rhgrabbet-foUm;NAdeR | S, a device

for nedi call .s%gport of c{he (}efi Ci encK of spheroid-formng cells and a

devi ce f P TPIPAP eRANPET 70K 101 f AEta¥hDIeH ogi cal activity of parenchyma
cells. 19. A process to prepare a cultured cell construct which conprises
at least two co- cultures of different aninmal cell species on a support in
whi ch co-1éul t v big-dgyireobclaem dp evhidduis s¢ledtedfiom thogobpyersigihgofibtdevied ed cel | s

on separ j Aahicch . SS.| haracter.i zed in that, on
the surf g{a:lgﬂ%]&l sgsﬁg??g?# grg’g‘ﬁ'% ?D%Emaé %gl?’cau?etvﬁcre ef&l @“"E %re%'gn%aﬂséﬂbét&?ce there is
formed awhithyativateasherfulnaioe df sphesipdoryanpydiBnedeligcol neagarnppomer of whose

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 pum 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



termnals is either coval ently unbound or covalently bound to a conpound
sel ected from the group consisting of nono- or oligosaccharides and
ol i gopepti des which constitute a binding domain of |ligand to ani nmal cell
surface receptors, that the above-nentioned polyner |ay@PEGEMBERZO0EG to
plasma treatnent via a mask pattern havppg plural circular holes which are
separated fromone another at an interval of at |east about 100 gill and
whi ch have a di anmeter of about 50-100 m that polynmer layer is thus renoved
from islands which correspond to the apove- tioned holes, that, if
necessary, tlbeﬁ'ﬁr‘feillé or gﬁk?g’?aiﬁ@ée ?‘gt'%ﬁf?'bﬁ'ﬁgf‘gi QrgEn ArepRoliEE® pol yner
| ayer has belgnate@oaseshd thktqaarelﬁhpﬁa@l:e@ﬁﬁﬁﬁle%%%@ﬂt%@@&&@dris%hngsf' S or
fibroblasts are cultivated on said islands to forma nonol ayef of
cul ti vat ed heratqcytes heip eahlsof pancesneirprditc Busdlecedls] giatastls.fskimmpitheliajcelisp
consi sti ngQf.¢: o) t f [ eas I scle cells,
R S e R AR G G G S T T
ost eocyt esompald evlbivgtedh adlisap fadud sphetedd of éd psermhemalddilsvat ed on said
cultivated cells to forma spheroid of said parenchymal cells. 20. A
process to prepare a cultured cell construct as defined in claim219 wherein
spher oi d- f 20.m ng wedekstodirepdeP allaGyd €81 coddtruct As BIMHEEFSclhfPn PO SPRfefn
cultured cell construct as defined in claim19 wherein the polyner |ayer
conpri ses $PSEIGHARMIGHedls arshepatostenn a pol yet hyl ene gl ycol segnent one of
whose termnals is covalently bound to nono- or oligosaccharides. 22. A
cultured cell construct of claiml wherein each spheroid in the co-cultures
has a subst.ant Adr¢agssiomeepace s hapeederd doastnat ai dufetein dbinab®uthe®0 the 100 m
the interv e acent, spheroids is at |east about 100 and the
spher oi ds gérlémglgltag%rcgv g']s%sa Pglyn 'b‘?'l%c%'%o@??da?'ha B‘g%' ?té}’lﬁ'.’e Hycol segment one

of whose terminals is covalently bound to mono- or oligosaccharides.

22, A cultured cell construct of claim | 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.



