19 DECEMBER 2005 1 DESCRI PTI ON CULTURED CELL CONSTRUCT WHI CH CONTAI NS
SPHERO DS OF CULTURED ANI MAL CELLS AND 5 THE USE THERECF. 1TDEMTMBER 2005
Field This invention relates to a cultured aninal cells and a construct of
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substances, and are therefore very inportant basic units for a living
organi sm .Ih sﬂ.t £,have been proposed sone kinds of systemfor the
cultivati ' tes by which to imtate in vitro the expression 25
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support said co-culture on their surface. Bio-devices and a co-culture
per se are usable in the field of the physiological or pathophysiological

examination of animal cells, transplantation, organo-regeneration

engineering, hybrid-type prosthesis, etc.
15
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

95 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 pm?) which are
composed either of compounds which have hydrophobic surface or
charged moieties (-COOQ~, ~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 no three-dimensional structures have ever been realized on a
patterned surface. Thus, three-dimensional architecture
(three-dimensional growth pattern) is still unsatisfactory in the
degree of expression of function and in the span of maintenance of
function.

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

35 between parenchymal cells and adjacent non-parenchymal cells



(three-di nensional growh pattern) is still unsatisfactory in the degree
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I nvention stud@gﬂgboth a cultivation system of hepatocytes as one of

two di fferZ‘t‘l{lcQBQC*T’ f cells, and the function of cultured hepatocytes
which g4 e obtai ”Hleﬁéé’,”ﬂﬁ@bﬁjectwe of the 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.

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 cellson 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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from said cultivated cells are cultivated on said cultivated cells to
form a spheroid of the cells.
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 péttern as prepared in Example.

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

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

35 spheroids formed of hepatocytes that have adhered only on



This invention as expl ai ned above achieves an effect which is simlar to
the one attained by the cultivation of hepatocytes and endotivabEakMBHR 2005
or fibroblasts. For instance, a spheroid of cultivated hepatocytes

mai ntains, at least for three weeks, an @bility to produce 25 albumn at a
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to be gp-cultivated in accordance with this invention may be cells any of

any species so long as they are capable of form ng a spheroid through
co- cul ti vaBest ModesforeGairoying Quethe Poyvemtiony, however, said cells are
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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 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
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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



When these different animal cell species are co-cultivated in accordance
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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 pm?, preferably about 1,500 to about 50,000 um2. Circular
shape is preferable, in which case the circle has a diameter of about 40
to about 500 um, 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




The above-nentioned island is subject to no restrictions so long as it

achi eves the purpose of this invention. Generally, however, t1h®ECEMBER 200§
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etc., that has an area of about 1,000 togabout 20 200,000 n2, preferably
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U S. Patent 5, ,%’26 teaches that sialic acid, lectin, polygalactose and
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al., J. Bio. Chem Vol.,254. (1979),. 10830-10838.exe hfies hhe fact that
hepat ocyt esaC&PégéﬁggiW’rté’a%ﬁf n’é’cﬁﬁeﬁ‘%ﬁ%ads 85%%?&??%3%?%%W?1‘a§’%oval ently
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anchor age- dependent cultivated cells or feeder

conditions as 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, o,
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”). In said U.S.

30 Patent, for instance, there is concretely used a compound [e.g.,
HS(CH2)1:(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
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as nentioned later, or, even though adhered, said anchorage-dependent
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oligopeptide residue has the following general formula (I):
20 Y-Li1—(B)n-Lo—(CH2CH20)s-Ls-X D

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

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

O
I
——OCHCOCHC— —O(CHyp),—C— or —OCH2(|3H——
Rl R2 CH,

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




honmopol ynmer, bl ock copol ynmer or a derivative thereof. Incidentally, "free
chai n" means a state of polynmer chain in which said segnment ¢QDEGCEMBER 2005
substantially free conformati on when placed in an aqueous 15 nmedi um

Al t hough not restrictive, such a polyneryl or sugar derivative which has a

the T ol | owPHBAEh e AR GHAE S POIIDEN.t0i tHecy i 5 (2 ST E0) 11 LAES0UED) 11
the above- E‘?Pfrit%%%‘i‘ d-1H0 B0k hnd-5 A8kotes AAURREBEROFI D0 zim@o%‘ val ence

bond, oxygen atomor |1 provi so t when mis 0 (zero), L1
and L2, taken todet foarLinhy aﬂlﬂhbla;aLvaileemtes%vamdce brpdeor atlmmk@n dfi nker .

B denot es a ound of W n a. (@] O(CHZ)p

C or OCHZ@F?{% QZ Ci(@&gé V\ﬁbf@l n gif—];z‘g'%orn rgggjj note

hydrogeg ah?@e?fot@@ oati@wo) Uk QU mvmgeﬁrt@ b@hétV&eI‘E@Hebéﬂlﬁk@%s p denotes

an integer of denotes a en ato a sugar residue or a
rf@gén a

pepti de redlediuzed xbodemxtésr%sm n¢denta b’uhbe imazk gdenrteriamh is

CoPioce of IERARTT 1 fenoriatn g (Yot PGB 08 SARREE Ot 1o
i nt eger of @—Qﬂz@)ﬂa—@s fb§ dbhoté@aavwlelrﬁ;e hdndenot @Ha) vavdreeeihend or a

| i nker of -( ) gtx} -(CH2)g S- or -CO(CH2)g-NH. Wien 5
m denot es R4Y oteanaﬁaeg@'o Konb toget her, denote a |linker as defined

above mﬁth respeazz H‘Pe 'arnodenﬁie%%ﬁéaxpolyﬁﬁem%rg xﬁsg}q&@%s@a t}hé‘t eger of 2

to 6. en mis ot than 0 (zero denofes -0- of -0- -Q L3

denotes a paﬂm@arsmmamrshqvompr Q\W%Bﬁ&ﬁl (ondly. %eB@t%nhﬁ" @3'{79%@9 of 1 to
10 VG BB PR pr LT B SR gt o
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

25 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



whi ch was di scl osed by a part of inventors of the present invention, WD
96/ 33233 (or U. S. Patent 5,925,720) and WD 97/06202 (or U. S. 19 BERICEMBER 2005
5,929,177) and in Jo et al., Biomaterials, 21, 605-612, 2002, or 15 a
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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-Li~(B)- under circumstances, in general formula ()
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



10 ol i gopeptide, there may be nentioned, although non-restrictive, one
which is conposed of up to 10 ami no acid residues including ap DEGERMBER 2005
arginine (Arg), glycine (Ay) and aspartic acid (Asp), and which can be
wat er - sol ubl e as a whole. In addition toggthe above-nentioned sugar
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surface of r@ﬁ?lsttﬁlr’@estt?pl%? NgLoat ed with 19 DECEMBER 2005 13 silicone, or
when a surface Wwiemasuideesylsupporp hassbekm fusedened giydioabobi ¢ by

silane treatnent,. Y-Li-(B)- nmay be s | ected as fa a bl ock
copol yner waerednint %r?(hoé’se'&ﬁriqﬁ?’é@‘grU-sitﬁéFertlﬁgng%é)’@z?@; € %?%‘?Pv#i ve or
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substance. |doargh ane OGS, 908 _O—, —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



with a view to enhanci ng the adhesi on of polyner, a honopol yner which
corresponds to said ester segnent is previously adhered to theDERCEVBERCH05
of support and then said block copolynmer is adhered, there is obtained a
surface of hydrophilic substance which shpows good resistance to peeling

etc. Wien a surface of support has,  such a functional grou recited in
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spect {1 cat o7, Teans (Al e e ol o cctent) sned endobnal | b cellin
ggfggaie% bH&W?\g ,fi'sm&&éi Heling Adhesshileddui-iise adboreducellin ghe not
y mld cleansing or rinsing, Such_a surface naype formed 5 of a
conpound wieldawing madrRRIhobiSEY éﬁ%ﬁgb& OPhhallﬁrRR;é{FrlﬁfnlngQ?%?d on a
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
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



al kyl silyl. group, alkyl fluoride group, etc.) or a conmpound (including
protein which constitutes extracellular matrix) which has chay pECEMBBER2005
(e.g., -COO, -PCSH, etc.). Such a surface can be prepared by replacing
hydr ophi | i ¢ substance (or hydrophilic pabyner) with one of 10 the

urTace. of URTEGPRIIS Wty HE PARAECHAR Wb CLomyaBAEPT EReaRF B8t an

be prOdUCG&% rmé‘xﬂt)’hd’&?%’%ld dﬁécﬂiaﬁvﬁf éﬂﬁ&@ o?“ddl'tﬁﬁbﬂe@ hBgadbtytesuch as

a pattern- a mcrop ternlng met hod. Preferably, 15
however , | whbh«bmehanotigemonya d)@rget mmrableraﬁesle&redﬁla@d@ug(ﬁs ifer tees thanl owi ng

manner : face dr,ophi yner is f.or sui tabl e support,
and, on th /§upf“é IR[H&J'F’ tt‘ fthlﬁaa? %i‘ﬁoo%m ch hol es
Co”esl%ond' ng tosu%hadl%n@tm@tféﬁyﬁptw@teai @@ﬂsrveﬁldm@up orégd, cultarthese
hol es, a plasnma treatnment with use of H2 + N2 is 20 ucted to frmve

pol yner | afeat epntinsaspheroiddioranred Sremagultivabar ce énan RI%ay8dacsed

| and i f
Lbove. ment PRHSTTRY OB (estid LSt b Ral EUP AN COnTRAILALEY b4
necessary" prScddatforddi prepmeativhaif,a cénsﬁ*mﬂrdfandt(wsthe@ceﬂw aseanothaf ace

of device per, s h a surf.ace 25 of hydrophilic polynmer has been
pl aced is &U&R(ﬁﬁh‘?m\é\?ﬁ?‘? H%‘éeﬂiipélh yields to no adverse effect fromthe

above-yent i oned PAﬁsmThtéﬁéfﬂﬁ%@tofé@apW\f%nmﬂbh%eq@ls apbiterigs treat nent
I s needl ess._ Interval of produced i slands is preferably about, 100 m at

| east. Wiepuliivatad is Ca@tﬁﬁ ab.‘e spepgoating, with pi solutian i@l anQreaficace 3o
oo SIS P Tyl s e o
| ayer - f or nbegmeeit] pxefémtdyo&wﬂynﬂamsﬁﬁm la.blolvy mentioned gansrad
e T T T A o
on t helﬁibod@nfw@é aaneghit sésidds o be @hgepgptﬂ:& fEéEEI\BER Wlﬂén the "t here
ocours Subelopll sl ). fo connerti on ot rogsl Lokags e, hat oLl
anot her onggrfAkde PreEenLsPy réﬁﬁé?é‘é BBl sbit By begeatheent with a
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



10 % preferably less than 5 % nore desirably 0 % 5 Such a construct of
cultivated cells which supports a culture that contains spha®@ECEMBERR00S
fromcultivated cells and arrayed (or patterned) in a desired nanner can
al so be obtained conveniently by a proagss for the preparation of a

construct of cultivated Ils a not her. .enbodi nent of this invention. 10
(A) The suP’fC&}:@n@ﬂe%u]%péﬁ'PtWSHT TR NI WRe to be cultivated is

coated, by spin QBW' nwn%&%ﬁféeé%h%h hialy @ébx%%amedaglmgﬁ (Axuch as
t ol uene) or water mer based on PEG se rrezp fpre erably a pol yner
reiLed

011: t heda?omgiiep\t?ﬁbenad“dmné}rhas Iﬂwmlnllml(e!s)oflem egebily gbreularpol yner
of sai or mu erein.X 15 d d d

est due.  vRBRS dann diasereraal abeud S EIQ MR B St BRE ALY
group Chnhygﬂr ot Ogﬁf@é?ﬁ?hauléﬁ@d’ oSl Yk DAL $q\19‘b§’r@@ﬂ§bhﬁa R¥narbtentaraiy

with a | c silane coupling agent, subsequent_ treajnment to render
i sl ands cytlophj polymy lgyaptof BenereornespORANg & (theeholes 3Bt ment may

be conduct n wn_ et e ed H.
G saka o ArstudtatabE iRl rEsang,for ih3RiaR B ahsiq TR "
][els: due rrayub%dfwig@ﬂp@wil nto the above-nentioned pol yner by the

ol 'owi ng met ho mer of th gene wher ei n t
acetal | s preV| o&gﬁy E%PP@%SW@S}% fvr?(‘iﬁtwﬁbcrﬁj:hﬁseﬂ?%e’arﬁwsﬁ%h O es
sugar ARSI ﬂ%ﬂ@r%%‘ﬁmﬁ?soé)éﬁ\ﬁe@@lbﬁebe@@tb S Ieeduged is

subj ect ed to a reductive amnation “reaction with ehyde whi ch has been

exposed bypphemeeitaiirinyitdf a meacaneyhawing SRHEORBLIGBTOND Vi Haf d 1o

specify ”‘ggw geglsczorg‘%dwgskﬁﬁa"ﬁn%r%lﬁgﬁ 15?1?' 8o SlyBhEr g%“w

t hi ckness ng on e Speci es of r used. Anyway, a
pol yrmer | ag@ymi @ndenwmﬁderothmve e: nmd:dfre&iseymp}uﬂlq@r events adhesi on

betneen feeder {or 1981 Q1 SELIE(LELSERLADELRL AR S
?R.Of; Eﬁ{ess Is Sgﬁéﬁe af?«eyﬁmglkgﬂgdtgg gﬁﬁﬁmmlm@aﬁiaﬁl mﬂfiéifmmtables,mhl ark1
of a generk efgaggp ’9@‘5@ gﬁhﬁb‘ﬁ% it FQlOY?{rﬁl%Mﬂ%g‘eéglfaennn: (r:ru%ess |
provided by Dainippon Pharmaceutical Co., Ltd.) with use of a culture
medium by which such cells can be cultivated Gf 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
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.



(B) On the surface which has been obtained in step (A), a mnask pattern
whi ch has plural holes of islands (preferably circular ones1OBEQEMBER 2005
di anet er of about 50-500 n) is placed, and a plasna 5 treatnent is
conducted with use of H2 + N2 by a plasmg generator, and, thus, polyner

| ayer of domains c

h | d d d,
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conduct ed by a nmet Eé)cé di scl I n Ja ese Pate 29739@52 or a

nodi fi cat i éﬁ lgneeedy Stpppizet OXHe fM%?eé'da Researchor ned
in thel Stggdmo@ 'ﬁO"’f‘lﬂ;raqeGd'Ihﬁﬁh%rén ir, %}e{}?cﬁﬂ}'o%ﬁrﬁitoff orm said

| ayer o the ce ]8§ par enc %/ , are cultivate
Al t hough pHymelyteo,‘l@lld)ls @43 0wl lheeapgv*et@réhﬁmﬂéw&,téon ofsuch as

par enchymal ) Cel%ﬁ%ngé]ect g%g ecﬁa et%ﬁl i\geo Soc?}%lﬁﬁt'lgqrﬁ%&'nﬁrtfd’ﬂﬂ) or any

t ransf or med are capabl e of
forming a 4pK200RY¥ 397408} uadewitlerbspoot tmehabnne}mmmmfdmbﬂaagdls of 30

cells when cultivated th d h

endot hel i aP3LEKFPESpFe? ?’gj‘gblg%ts‘g ’fﬁﬁ‘l’%ﬁlqn%&rﬂci I%eoecf]j’eq&ﬁ I néfrﬁdﬁg@lgeffé whi ch
form spher gida P530O€RO0ONY: D84em98ylﬁhbs@Qlelf§rerﬁfe% Tisiaty nonm@mmtess of

their origin. It js, preferabl however nimal  cells of the sane

origin. These celARiRaYcgdsW %Cih/é‘trééob]?/em k]ﬁb ISYRREPRA %N met hod
(see, for iRgtanafly prindhrPallsaLbbdineBbytHeP kif¥wa mEhBEGIEERs2005

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 perl 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



17 1998, 14, 378-387). Wen hepatocytes are used as the above-nentioned
cells, spheroids of cultivated hepatocytes are usually fornedDECEMBER 2005
| east 24 hours on a feeder layer of cultivated cells on the
above-nentioned islands. 5 Oher cells tigan hepatocytes are capabl e of
form ng spheraids . of .cultivat.ed parenchynmal cells an a feeder |ayer of

cul tivat edP%Jé?L 2S3RSWHR Se656H! I‘r@h%’a 1%?%8559\,{?2#%3@?6%@& €4Ry
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see J. L. Petit-Thévenin et , Biochem ca, et ophysica_ 15 Acta 1530
(2001): 184rumpal pastarm.ef Shenchaapeof spheoeid e pnedpland igaubstastially

obt ai ned by apeRAEHA Tethbheb 8RB OiE rh apEhERS P EBE AL s § Those
which are gyhelall encmbimlevrira% E?t;cﬁgmauppwitér shi;mm‘veanst;ictulnenbd‘umtzan’.nfsocn;r ence

Pronoti on 20 Faqundati on., Thus co-culture . is usable either,
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whi ch fias 5HA It EFFUAE IRt hrcBowsbkE a8bDf, aSHRPbio-dvit®hs Ml @yt &es
whose surface_  Is formed fromsaid co-culture. Al though not restrictive,

exanpl es ofs2blefenthe sateentes of enyisoament os stdhstanse ebichhmaphavey of
2 0 ., . T .
cultl vat ed,  RAEIGHIRL fighhtic Auflfydife KIcH B fHTeeanad ﬂpégbgﬁﬁgeee&

which actrv nof cultr vat par enchy evice for
medi cal suppditte nfontterites of itheayoophphogicahyimin gredt praduch of epihesrofdy

trial exam nation of the,physiological. actiMity of parenchymal cells. 30 A
co-cul tur ee'(gco ?Pgien’dl QI@B@%PH&?B%B E?‘]?];}ﬁ}%:/ul ti \F;at ed cgl | and a
substamgial ly si @@-eultanes wifichubtdonabiededahl tivdafbrd-aigmtianedubsituaeum i n
cont act wittlésaid sgheroi and \[{\%icﬁﬁ's differgﬁg frotén .th«f cell that forns
sai d spher 6#4)CONFIEHEL FARMRS PRELSE £ ¢ SVEREPY qrR2hSiC8! Sdpport ed on

bi 0- devi cepidchdiRiddINg@a8méhe SThhacsefedsa@hture per seis an embodiment

of this invention, and is usable in transplantation,

organo-regeneration engineering and hybrid-type prosthesis.

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

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

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

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

35  weight: 6,000) copolylactide (molecular weight: 8,000; hereinafter



35 device stably over a long period of tinme, and al so maintains function 19
DECEMBER 2005 18 (such as insulin- secreting function in theoesteNBERCHES
cell of pancreas, pulsation function in the case of cardiac nuscle cell,
with regard to cells other than hepatogytes) which is specific to each

parenchymal cells. In a bio-device i¢ch is produced, from hepatocytes for
i nst ance, 1% m@‘lb‘l)@@l aeetal BHG/ &InﬂghWéF}éladEHa@léhgnﬁb Qt@éeg?hy &pin
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hi gh- 1 evel hepatocyte function (e.g vel al bu roduc nilo
ability) feasalacedsa maskoabeks fswmg/mrsaiw POBFES Qripe{b@ém é’,"hﬂ refore,
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|nflueﬁce 0 unc an PRl uénce ‘can ed by the
noni t or i ngtrefatithtrmf phot-dyb ead s cbadgeted [pCRipotvent BEOEhBY, Bihs pewer:

Che af or oAbt | HAI-clb (0 Aoz GoHe T SReeamI3C ARBL Tel G DRwTc héfppor

by a phySix%%h#?'bﬁltﬁ’ﬂié’mﬁg}r%ltréé@ﬁbﬁ%”Eheﬂ-@%ﬂéeﬁix‘?ﬁeélﬂdﬂééqw%@l@ is an

enbodi nent ention, and 1s usable in transplantation
or gano-r egghaesasmnfaceagvmexpgsaddahmdmg tpehpradaiesmentionedmask

I nvent.;i.on j d by concrete exanples as follows. The
exarrpllgs %ttSij @%e @I{% w?t h a viewto facilitating the understanding

of this inventi o®n the B&Epmmemon{edcsahﬂfacej thieee veals apphisidt Budbedeo’gl ass

Sul'turi _dodkgt BREE paranie: (OMER). PPt mmirieb iRt "

washed. SulaggTBeRihY ,se&*h%sglxi@eﬁéo@femmei"mgl gs6wwhsfaceor] gread chiils, OphObl c
by a silane coupling treatprent with

[3- (et hachsyqiwqﬁmﬂ%aw merpépww)i and, Shiip ithere et famedealds
(95/5)5 ThedREEIf Boflatil)sr PERRAIIEHrSBel) UorPbohofidligabeMes! | de gl ass vas

coate tion, in toluene, of polylacti havi ng a nol ecul ar
wei ght of almommne;atmaﬂ Pos&gi ng, and subsequently with a 2 % solution, in

tol uene, 05) Cell cultivation:
On the cell culture bed as obtained in the above a),
angioendothelial cells (Bovine aortic endothelial cells) were seeded at
20 a cell density of 1 x 108 cells/cm?2, and were then statically cultured in
an atmosphere of 5 % 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 106 cells/cm?2, and was then statically cultured in
an atmosphere of 5 % CO2 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



| act ose- PEG PLA whi ch had been obtai ned by reductive anination of

al dehyde, converted from acet al - pol yet hyl ene gl ycol (nol ecul ¢ pRTEVEBERT005
6, 000) copol yl actide (nol ecul ar weight: 8,000; hereinafter 19 DECEMBER 2005
19 referred to as acetal -PEG PLA), w thkgam nophenyl |actose by spin

coating, and, thus, a polyneric Iay?r urfaée wiqth a thickness of about
100 m was fndenwdl vars nhaeh fsharber, i leéomae &y efeet et CHREIRStaREES| aced

a mask pattern.havi ngy ci fcuU r f ; ' I ated at an
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conduct ed {hGR:IPOMBI ceBOOhYYe B dsripevdeno spHerdid Yoater8®\QultNatedH2 = 50
sccm 30 sccm 2 x 10-5 Torr]. As a result of this plasma treatnent, there
wer e for meblepatesyties. whi ch gl ass surfaces were exposed, according to the
above-nentioned nask 10' pattern (see Figure 1). On the above-nentioned
surfacé, there was applied Dul becco's nodified Eagle's nmedi um ( DVEN,

G bco) (suppdeserintdpplicabidsyl in, fetal bovine serum glucagon, epidernal
growm h factor, penicillin, .hydrocortisone and sirept cin),. anhd, .thus
there was formedlBdbus aataing W%Bﬁg’ieﬁ i SR F}gjéfﬁ%pegtb‘ég’}mcmon 18
ColrlrESplo[‘dh:f'éﬂgftgiﬁé‘é oVRRYY B0 B Hdrofe GfROARS . Phrfleétmentk! batdwWiurén the
cell culture be

as obtained in the above, a), angioendotheljal cells
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1013 cel I s/ nd the h Bu A 5 %
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the gl ass i eedicdhadapesgdbieresof slkeus&hdarod MpdiGmeseatuartihye. pri mary
cul ture of _hepat ocyt es. which had een prepared fromrat's.ljver
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whi ch had lVerregeasratinn §e85ReeHES o sabBveINEeR IR PS2PLs I 8thd,
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spheroids mal ntai'ned hepatic_function (e. % , al bum n-produci ng
action or in a medical support industry.




ability) at least for three weeks, and, thus, cytoskel eton was observed
(Figure 5 shows a three-di nensional enlarged i nage of spheroigdDEGMBERR005
the surface of |actose-PEG PLA, when the interval between circular holes
of a size of 100 mwas |ess than 100 m 35 adjoi ning endothelial cells got
connected to each other, and, when the 1®IDECEMBER 2005 20 interval was
much shorter, cells fornmed a sheet unct]gLA,]jmsurrstances (see Figure 4).
Generally, when there is no patterned Tayer of endothelial cell, there is
formed no spheroid pattern of cultivated hepatocytes. 5 Industrial

[ i bili In th bt ai d f h t] ) ids, h tig,f ti
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or in a nedskan epithelial celdadkeyatimepteshrbrzivsytes, ataonetes anthended)
Porl soeerl St GAISHCHONEL SPeCRTNS SEm GO MLl LLhbRE AN AN™

cell specie§ one speci €s 0 € co-cultures 1s a
spheroi d fotoRthdtywith shvdisphereid ambis inar formefia sdbistantizdi g songlenl

[ 1 | df h ' I sti f. h t t.es, b [ 1
bancreas, clavimel fulievatedrbUS Sghich aae i erivaf BRoBaIRR ilchcers sapable
(kerati nocyaﬁaakg{fgggicp%g,lsh%?oi&%ﬁwﬂ%ec%lpgﬂ&lr@mr@lﬁakhs]fuﬁmoat, la_sgd

speci es of said co-cCultures forns a substratumin contact wth sai
spheroi d anthyer existingon pidividuad islarids by ssHidgupportandwhbearein at ed

cell's whi Cht}%xee g%iavtel%afsrtoc%& gg-lcsul\é\@}é@ v%i%hcﬁpéaglesarated from one

another.

2. (Deleted)

3. (Deleted)

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

originated from endothelial cells or fibroblasts.

5. (Deleted)

6. A cultured cell construct of claim 1 wherein the island has an
area of about 1,500 to 30,000 um?2,

7. A cultured cell construct of claim 1 wherein the island is

substantially circular and has a diameter of about 50 to 500 um.

8. (Amended) A cultured cell construct of claim 1 wherein the island

is substantially circular and has a diameter of about 50 to 200 um;



of maki ng said spheroid-making cells survive and/or function, said |ayer
exi sting on individual islands on said support; and wherein 16 DEFCEMBER2V05
| east two co-cultures which are separated fromone another. 2. (Deleted)
3. (Deleted) 4.. A cultured cell construct of claiml wherein cells which
form spheroid are hepatocytes, and whereith the other species of cul tivated

£l 1 oot e LA BEATLSR BROER LA BY LLADSELY 3LRLE 18 Lhr"

construct of claim1l wherel n t he |sI and has an area of about 1,500 to

30,000 nR. 7. cul t.ured constryct of claiml1 wherein the |sland IS
subst anti al 1% (émeudﬁd? crqlé%wéﬁ tbucfaaﬁgkalm) liwhsgeimthe islands

(Arended) - A tuF I r

substanti al Iey%lég Peula ?ﬁaér?ggﬁ |%1%ta ;r ﬁ b%ﬁt%ﬁ%ﬁ%rﬁn%épbé&NBER
2005 22 anavhivh 1s1hmd{@Erdmtm&@fdmlj}ﬁherand yaophobic sibkegate about 100

pm 9. (Amended) A cultured cell construct of claiml1l wherein the islands

each of which carries a culture are separat ed by a surface of support

uhi ch 13 . (aaHLABNY" R Gran o AARNOHEE of WistAne i dfbin( Anded) A

cul tured cell construct” of clal m ere| n hiI'i'c and cytophobic
subst ance |h}@iW@hﬁraMwﬂophobwsbeMGﬁ]mjlaypzxdbfmegbalstedvdrmch has a

hydr oxyl grou e t erm na ded) A cuIt red c
Constr uct SoP oty SR haRly i sediB el pihiin heisch SEUHTh MobR AL B GEHS has
pol yet hyl engegiinigalls segment and pol yl acti de segnent. 12. (Arrended) A

cultured cell construct of claim9 wherein the hydrophilic and cytophobic
substance is selected fromthe group consisting of poI ysacchari des and

der { vati ves 14hi &l 81 AclPS o oo POLH LML ENE: BF KPR SPATRIGin heon® O

whose term nal s i's cova aco I's se %romthe
group consi hyidrgpdfilic and cytophoblc substance has polyethyleneglycol segment

and polylactide segment.

12. (Amended) A cultured cell construct of claim 9 wherein the
hydrophilic and cytophobic substance is selected from the group
consisting of polysaccharides and derivatives which are based on a
polyethylene glycol segment, to one of whose terminals is covalently
bound a compound which is selected from the group consisting of
mono- or oligosaccharides and oligopeptides each of which constitute a

binding domain of ligand to cell surface receptors.

13. (Amended) A cultured cell construct of claim 9 wherein the
hydrophilic and cytophobic substance is a sugar derivative based on a
polyethylene glycol segment, to one of whose terminals are covalently
bound mono- or oligosaccharides each of which contain at least one

galactosyl group.

14. (Amended) A cultured cell construct of claim 9 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.



nono- or oligosacchari des and ol i gopepti des each of which constitute a

bi ndi ng domain of ligand to cell surface receptors. 13. (ATep§pglcPMBER 2005
cultured cell construct of claim9 wherein the hydrophilic and cytophobic

substance is a sugar derivative based on a polyethylene glycol segnent, to
one of whose termnals are covalently bd#d nono- or oligosaccharides each

gfel }mlcgﬂsf(rjgg’?l(gfg%{llgga‘?g %ﬁ}l&ﬁﬁé@%&ﬂ%@%ﬁﬁpféﬁ%‘lﬁé cyt opho i C slut)g'[ :ﬁce
is a sugar Heidrephilie ad @ytophobid sabstamed yehhydide dlerdohtisegbastd o

one of whose termpnals are coval ently bound pono- or ol jgaosacchari des each
of which coatmln'ethy ¢re gly enksegmeatoby oasoel w Wrr@m R yl act i de

segnent. 19 DE R 2005 C ruct of
claim?9 whe?%Y %ﬁ}gqlpcepa @5’%3@@% gﬁ”@ %é ?gn%%hl!ns? é)&?eptl de
derivative béqadn@é ofaaﬂgihyﬁbhglﬁﬁﬁeghspaktmemﬂnt to one of whose
termnnals are covalently bound ol i gopeptides which conprise an amno acid

sequence of arginine-glycine-aspartic acid. 16 (Amended) A cul tured cell

construct ofg c@%,‘gd\e@gfe %m&'&ﬁé{]@c;\nﬁ@s& 6?% A1 v e BAS PAnd

cytophilic Subs construct of claim?9

wherein isl hag a lsas'f:aceswhmd:mmaﬂe o am;depdnﬁha emhsd)phcbl c substance
selected from the group consisting of a conpound that has a hydrocarbon
group, an al kyl silyl group and an al kyl fluoride group; a conpound t hat

has a car b?’?YKAEﬁeﬁ&h&?‘ %%Lﬁtm%ﬁt&)rﬁdﬁ%t oF@ﬂaM@WI{bﬂeﬁlﬁhsland

constitutes extracel matrices. 18. A co-cul ture which_has (g?en peel ed

;)f f 1(;1 suppohasaa sgmfam Bd’llccbelsl mecte of acytephilicisvwhstancapelesie biramaj ms 1
o] i 0-devi d
cell const r@é? 818 u@e?%ﬁ%\g‘e 'ﬁggx%"g‘#é‘%%?‘“aq gﬁ%%ﬁéqwqﬁéw% agféﬁd%\ljlége of
cl ﬂ m 19 \t/maﬂfyﬂsﬂyb @r&’gb&iﬂddarll lalkyrbﬂanormd)e grx]'oupv autdmpesiridithhé had aur ed
ce construc as, a subst ant

Chout “90° t o tho Rl ae AT RILAP 2 BAGRNT teamintaan d prar R tha L SaRs s
about 100 mpxeRdhdiiglaaPhenteids.are so

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

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

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

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

20. A bio-device of claim 19 wherein each spheroid in two or more
co-cultures in the cultured cell construct has a substantially spheric
shape and has a diameter of about 50 to 100 um; the interval between
adjacent spheroids is at least about 100 pm; and the spheroids are so

arrayed as to form a certain pattern.

21. A bio-device of claim 19 which is selected from the group

consisting of a device for the test of toxicity of spheroid-forming cells,

a device for the screening of substance which activates the function of

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

physiological activity of parenchymal cells.



arrayed as to forma certain pattern. 21. A bio-device of claim19 which is
selected fromthe group consisting of a device for the test1DDECEMBER OGS
spheroid-formng 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-f@dm ng cells and a device for trial

DECENBER 2038, Shitenfed i hadasess B prbbbted pREFRE HIE piSh et Hhich
construct %%ﬁarﬁé’é@'ﬁ'lé%t %vd &?féhlﬁu&‘éscdf &ifféwrﬁsa@fmdl Eéblrgpsémaslomb

cell species gort In which co-cultures spheroids are carri eg@cg
monol ayer ouppokt inay ick ebtaulbnresprhareidipare srrriedora MR

S character zed on the, s a I i.ch a
co-cul ture ¥4 tﬂBaBeéfﬁaﬂér% Sepﬁé?'ée#l?fl?g@r&%agd ol yr%vg‘g ?Igd}g\ggbl%sed on a
pol yet hyl e”@hﬁk%éﬁ-’é‘né@&fiﬁrttha?t%noﬁhg\feasﬁdeeoﬁaﬁamenal@ri tdrichcoval ent 'y
unbound or coval ently bound to a conpound sel ected f roup

consi sting of-avdtiere b¥ tobiegad hereds thrre isderane @pB%fWB@EHaMﬁ (br‘?‘s@Sln%’Ellaf ute

a binding dg Qf I at the
above- rrenuBﬁE%er%’é'lfi %&goggegg%ﬁoﬁ)égt@ﬁ FBE@%EIarsI{r%gﬁ??ieéaté ?rbehn%ww a a mask
pattern haviggaRntlghughsoattiasr IzmIaientI/ylbohm} to aecpnnpbadldf selected fanot her
at an interval of at |east,aboyt 100 .t \thl ch, have ,a ,di amataﬁle(§

h

about 50- 10bh enETONE: CHREAHINE 0?59%0. or of SEASHELR ROt
cor respond_ . {thecoRlVSEIEidRg dihiin dfBéandtoweanmaRckll SRl || c

substance i s app to 1slan rom whi ch pol yrrer | ayer has be%;1 renoved,
that endot hed:eptlorsethat(thefalmwmen’sloalﬁé pqutmem ayebas sHpgestadiRis to

forma nono ul ti ated cel | r I Iected
fromthe grBL’b @eﬁ%m‘an 1 ﬂ@pg{ é‘ipégf]&t{{ep Fﬁﬁ%gygglr%frlggsﬁo %gar di a
nuscl e cel | ghighl @#ré&sbparated fir@mi d.szlilelalrmtheelaltsahkmtatvaﬂmﬁlaeic)ast about
chondr ocyt es ost eocyt e errbry nal or agdult st ls a cuktivated
on said cul £PPaseyag jlltafgq? %EI: P@k’ é‘i@n](g({’ é}ﬁﬁI’ P 23,
(Deleted) 2f,v& N PRESTeRoPEGHRER ﬁlﬁﬁH&%ﬁ@cl@%bkr@pﬁid Y6 thas defl ned in

above-mentioned holes, that, if necessary, cytophilic substance is

applied to islands from which polymer layer has been removed, that

endothelial cells or fibroblasts are cultivated on said islands to form a

monolayer of cultivated cells, and that parenchymal cells selected

from the group consisting of hepatocytes, beta cells of pancreas,
cardiac muscle cells, glia cells, skin epithelial cells (keratinocytes),
chondrocytes, osteocytes and embryonal or adult stem cells are
cultivated on said cultivated cells to form a spheroid of said

parenchymal cells.

23. (Deleted)

24. A process to prepare a cultured cell construct as defined in

claim 22 wherein spheroid-forming cells are hepatocytes.

25. A process to prepare a cultured cell construct as defined in
claim 22 wherein the polymer layer comprises a polymer which is
based on a polyethylene glycol segment one of whose terminals is

covalently bound to mono- or oligosaccharides.



claim 22 wherein spheroid- formng cells are hepatocytes. 25. A process to
prepare a cultured cell construct as defined in claim22 whgypECEMEER 2005
pol ymer |ayer conprises a polynmer which is based on a pol yethyl ene glycol
segnent one of whose termnals is covalently bound to nono- or

ol i gosacchari des. 19 DECEMBER 2005 25 285 (Added) A cultured cel

construct of _.clai wher ei,p _each 1,sphernaid, i CP5 S a
subst anti al %@ Q%P\@P%‘é s‘ﬁé‘b’ép‘éﬁ%‘fﬁgg Ofsé?gggtogg%ﬁnag(‘)ﬁ%ﬁ}fgh?%a 0O m the
i nterval begNgefoiddiR¢RBico-SRltRIres dtad & sitbdtaasialip ayphet®O stiapandndhieas
spheroids are so arrayed as to forma certajn pati rn. .
a diameter of about 50 to 100 um; the interval between adjacent
spheroids is at least about 100 pm; and the spheroids are so arrayed

as to form a certain pattern.



