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SPHERO DS OF CULTURED ANl MAL CELLS AND 5 THE USE THEREOF Technical Field
This invention relates to a cultured animal cells and a constDECEMBER 2003
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spheroids of cultured cells and bi o-devites which support said co-culture on
their surface. Bio-devices and a ¢ r se are usable in the field
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Patent 5,976,826 is regarded as so-call ed nonol a
examination of animal cells, transplantatlon organo-regeneration

engineering, hybrid-type prosthesis, etc.
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Background Art

From a functional viewpoint, animal cells are roughly

classified into parenchymal cells and non-parenchymal cells. Among
these, parenchymal cells fulfill functions of tissues or organs. For

20 instance, hepatocytes, i.e., parenchymal cells of liver, undertake the
synthesis, decomposition and storage of various substances, and are
therefore very important basic units for a living organism.

Thus, there have been proposed some kinds of system for the

cultivation of hepatocytes by which to imitate in vitro the expression

25  of the function of hepatocytes in a living organism. For example, R.
Singhvi et al., U.S. Patent 5,976,826, disclose a process to cultivate
hepatocytes in a cytophilic regions which are separated by regions
that are composed of hydrophilic and cytophobic substances, and a
device therefor. In this device, individual cells are seeded on surface

30 regions (generally 1-2,500 pm?2, preferably 1-500 pm?) which are
composed either of compounds which have hydrophobic surface or
charged moieties (-COO~, -PO3H") 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



35 cultivation. On the other hand, there has also been tried 19 DECEMBER
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secretion of liver-enriched protein (M Smalley et al. In Vitro Cell. Dev.
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15 5,976,826 (the cultivation of hepatocytes), Japanese Patent No.

2973976 (the cultivation of endothelial cells), Japanese Patent
Application Laid-Open (Kokai) No. Hei 7 (1995)-308186 (the
cultivation of endothelial cells), ete.].

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
vivothan 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



nost cases, cells which are units to constitute tissues keep their function
t hrough interaction between the sane or different species of cells. Hence,
froma viewpoint that heterotypic cellular interaction 35 bet9#e@EMBER 2005
parenchymal cells and adjacent non-parenchymal cells 19 DECEMBER 2005 3
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15 Hence, the objective 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
functioh 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



occur via heterotypic interface as taught by the above-nentioned S.N. 30
Bhatia et al., thus cultivated hepatocytes forma spheroid which adheres to
the surface of said nonolayer, and that thus fornmed spheroi ) PEEEMBIIS2005
function which is specific to hepatocytes, e.g., a function to produce

al bumn stably over a long period of tinme. Furthernore, both a co-culture

other than 0% ot BT TSR LERERCRABRRGIEBLRRNIE A LGy GERL
contact wi tforsetirdcs fhereindftansomaetithesreterged to sosphevsid/chkiaedaddlbr

sonetines referred to as spherqid/cultured cell nol ayer/ support) which
conpri ses sEORARYEHSHRPET By %wmprlﬁﬁéﬁaféFOﬁw%M SWRROYIst abi i ty)

to peeling : |.$,: r WIRGY I een
found out t a‘%@%éﬁgﬁa‘ﬁﬁ%ggﬁg‘é&%pfé‘?’éﬁté@yﬁ@é%@ﬁs, ot e?f{zﬁggﬁﬁgpc}?losgyt es,
whi ch arse chpabithecfupgantni dg hsEhalsoi bkew fownd mart- fdeate wehemalppdedd $¢ such a

cultured cell cgnstruyct,.as nt ipned above provides a spheroid- .containing

cultured cRRIER G?HﬁlhPgﬁe]f(égﬁg%m@cgﬁe%fwﬁh“g&é‘rE§IaII)§‘%136’fAnong cells

whi ch form gyreaitst §8hePRid0brkasedn fptres@hdm sP6EN 9 siclendailbatédlcenel |'s or

fibroblasts have generall %@St rogg proliferous potential and/or notility,
1baboy

and tend tocoRYrHCEasgnen f Provtdefen isphergidronsaaHa e lsuppdrt on

whi ch t he ec%ﬁ)rcgﬁgfﬁlct%h%%l g%PEief{r&rn%p{OqlsgPt}?é%hg@@%ed and cultivated. The

i nvent ors have, however, 15 furthe ound ou ~the enclosing of said
i sland Mith a surAacengtels wehrdhaforrhydsopsinsitanandr bpsepfmbsaidpol yner can

prevent not anly..cul tiures.of said endotheljal cells or.fibroblasts or the
Pl ke but "l hegife poRatiREhef 35 psrieip sk b Ve astadsL 10D £ om
mgrating oprolifeybld gotentRal £hd/srandtilaydahiaiend Wﬁi{?‘rh@é €ohautngrodv
special form 2Q can be thus, kept stable on a supj§%S hys,. this invention

t.
provi des a @ fth&Earmqryczfr@la@étommmnorfc@wvhp thisnendplieelonl peleor |
co- cul tUresﬁBi%lﬁ‘l'afsftgra‘%Qtse%HbHBAnéﬁG(‘Jdlﬁv‘a’ﬂe&. gg%oﬁiéedxtﬁh%%g}]ﬁ{eéqu&%éwes ' N

such a cultured cell construct conprises a er ol errved from
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cells, and &rtain hydrophilic and cytophobic polymer can prevent not only
cultures of said endothelial cells or fibroblasts or the like but also
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 provides a cultured cell construct which
comprises one, two or more co-cultures of different animal cells on a
support. Each of co-cultures in such a cultured cell construct
comprises a spheroid which is derived from cultivated cells of one of

25 different cell species, preferably parenchymal cells, and a
substantially single layer of cultivated cells which are derived from
the other of said different cell species, which layer constitutes a
substratum in contact with said spheroid and is capable of making
cells which form said spheroid survive and function.

30 As another embodiment, this invention provides a bio-device
which comprises a surface composed of two or more of the
above-mentioned co-cultures.

As a further embodiment, this invention provides a process to
prepare a cultured cell construct which comprises one, two or more

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



substantially single |layer of cultivated cells which are derived from the
other of said different cell species, which |ayer constitutes a substratum
in contact with said spheroid and is capable of making cel | MXCEMBER 2005
sai d spheroid survive and function. 30 As anot her enbodi nent, this invention
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form a monolayer of cultivated cells, and that cells which are different
from said cultivated cells are cultivated on said cultivated cells to
form a spheroid of the cells.
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 1s 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 1s 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 1s a micrograph in place of a drawing which shows

35 spheroids formed of hepatocytes that have adhered only on



endothelial cells or fibroblasts. For instance, a spheroid of cultivated
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albumin at a high level. Brief Description of Draw ngs Fi gur® BECEMBER 2005
m crograph in place of a drawi ng which shows exposed pores on gl ass surface
that were fornmed in accordance with 30 6érask pattern as prepared in Exarrpl e.
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100 mi § | édmn 500ham, tﬂmhnnteﬁkﬂxhﬁhehaédeBhahyahakehk$onaycnake a
connectedmﬁﬁﬁﬁtern. Figure 5 is a confocal |aser mcrograph in place of a
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Mode for Carrylng t the I nvention One of the different ani nmal ce s whi ch
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parenchgmal cells. Parenchynmal cell nmeans a cell which fulfills functions
of a tiss or gap. [ 1 / mal cell of liver is

hepat ocyt e 2EHra- Qi H AEL] Xe 3l veol ar epithelial cell. Any
cell that fall smﬁéeifth@ élfﬂeﬁkfeldtlatm%lapﬂéiﬂ§w}§§:ht£'@ B Qec@litiv e

invention is to 20 be called parenchymal cell in this invention, Exanples of
in accordance with this invention may be cells any of any species so

long as they are capable of forming a spheroid through co-cultivation
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
saild 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



parenchymal cells which are primarily intended to be used in this invention
I ncl ude, although not restrictive, hepatocytes, beta cells of pancreas,
cardiac nuscle cells, glia cells, skin epithelial cells (kelaPEGBMBRER}005
chondr ocytes, osteocytes and enbryonal or adult stem 25 cells. However, not
only the above-defined parenchymal cells?but also non-parenchymal cells are
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and 2, comtnation oryparenehurml cel) gy enchural coll, sueh g cardiac
restrictive)ltR6udhi i sedtiradtivhi ch the above-mentioned cells are originated
may be of any kind, . exan'%[ es V(‘),f .which i ncll ude poul try ﬁgdarréay*iral_g,t i n
parti cdbar human deimgls from which the above-mentioned ce riginated
may be of any kind, examples of which include poultry and mammals,
in particular human being.
When these different animal cell species are co-cultivated in
accordance with this invention, endothelial cells, epithelial cells or
20 fibroblasts 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
with this invention, endothelial cells, epithelial cells or 20 fibroblasts
form substantially a nonol ayer of cultivated cells as anchoragesrCEMBERIUS
cells or feeder cells on the surface of culture support, and, subsequently,
cells, preferably parenchynmal cells, whi&h have been cultivated on said
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Cnder the dorSeroht SaltELSt ety SUrRy EHRp RGeS S RoRERE EbRLIs | | 0o the
under st andidagnpbsed bt‘saictnfeéttezota e&rwl@ﬂ taeép}@érdialxbhlm id Iibdod casdonthet

exanple are firstly,.35 culti vat orma ol ayer, and subsequent ly,

t hese feedertéteM hep Ao ashl@ larmreéat yrgingiad frofe cultivat ed
toget her . H‘Eeéu e%eﬁﬂ <§t ?lllc}g?%]k@rm@ B | aduttﬁté%fm
fibrobl ast |vate on a on the sur ace o culture support,

and, oriot hi s)me Is@mttest becells neanst asics Boowrt etemartrteat;ea*mv\,hpnhreld s aconposed
of thus cuIt te and ter the |sfo ned a -con t of

Oul tIvat oo R RSIE, SBhedh npei bttt SylivA R T RiBRL . 2 o
}‘eeder Igymhmtdhass@efhapeghy\ehchm byltheot%dnsfct:abbgnateaQtrg]ucx\tv;gtrbpstat}@tattA ﬁedﬁr -
ayer an ich i referably originat rom, .p renc spher oi
which is fa%@ltfa&tﬁrateast bSO 0F §o‘-i(1tafsep§’(,l}1§ rﬁt%§ t%é‘a%em%s i s
known fromThe gHiawe" s%%tgh@lanyaspﬁeﬂ%t @@tﬁ@éﬂde&t)&t%eﬁl&@ﬁbe%qgﬂae of

cul tivated parenchynal l's, has a shape as shown by the tonfocal

| aser rbcr cpmaplete spherleshapﬁé)dltrmlsetaoslaghﬁWgﬂaeoae or a shape which
resenpl es the Sa“i?he ab3§ Pt fonad P b ARt s U1, e SPPE hbGrest FicBHNGS il @

i nclude not only a
as it achieves the purpose of this invention. Generally, however, the

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 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



15 conpl etely spheric shape but also a slightly flat one. The
above-nentioned island is subject to no restrictions so long as it achieves
t he purpose of this invention. Cenerally, however, the isl|l afPEEHMBER204HY
shape including circle, polygon such as quadrilateral, ellipse, etc., that
has an area of about 1,000 to about 20 200, 000 nR2, preferably about 1,500
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out of the adghared tomakthgride Wlhﬂ@lsiha&l (ﬁ)\iedeﬁﬁllynb@uﬁwtbuiﬂ@t on the island as

specified above. |In otrder to. evade h,inco ni ences, thi.s |r1vent|on
provi des 3B0]é/3§ﬁ1/i%§@éée Bebdwbad 16y ér&yﬁw ebinsubstagitoinctighst ance,

uhi ch 19 DEGENGER, 200%0thc eARl | RpciRichil o 8PS cBelsbhSitelpSyRDss subst ance

are nentioned | ater Atten on 1s drawn tot e fact or the present, that,
al t houghd t heeaciboge- nent i oned U S. Patent 5,976,826 teaches that sialic

and 5 although P.CPRCyaEbu TR Rt ERLPARANR §RTsLR R, 6) °' " "
10830- 108383 everdphicki it ht ﬂelsflaﬁzteritﬁmi hhspaipeytes & ﬁ)l&}mei fheal |y adhered
to saccharl e which has covalently ound to fl e gel, what
is called "2 @Y)%%%]il@oélﬁ sﬁ‘%ﬂé@'agen ?H?%dePEQEﬁthBEFA §aﬁ ﬁg§rl ndependent
of , or even QpRoRirheinleultiested ddid Eﬁqﬂbf‘gahe@%raeﬁﬁirféceh\\(fﬁ'i%%| ic and
cytophoblc substance In
15 made of said hydrophilic and cytophobic substance under cultivation
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”). In said U.S.
30 Patent, for instance, there is concretely used a compound [e.g.,
HS(CHg2)1:(OCH2CH32)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



accordance with this invention has properties as follows: the

above- nenti oned anchor age-dependent cultivated cells or feeder

| ayer-form ng cultivated cells cannot adhere to a surface Wi9IYECEMBERZ0(&
of said hydrophilic and cytophobi c substance under cultivation conditions
as nmentioned |later, or, even though adhdfed, said anchorage-dependent
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which 35 is hased o ol hyl e VCO e t to f

o il s | o8 Borsaaiate S ROl SRATER shRLAREGor a3 %be

ol ibgoz aCCthﬁ(bld@mi%fﬁll@ﬁblcgﬂ@cck}b@l@lnlﬁ)ér oD:cai dereptivdetleacof of Inlloidﬁntaﬁns_t ijt utes
a bi ndi ng main, of ligand to, ce surface.receptors,, or. polysaccharide,
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surface whiGk LRGSR tINB, ARQVEs RPN 168 WwBEANMIaked iBr £h tlpRlondmade of
pol ynmer based on PEG segnerit al though such a surface can al so be nade of

such cdApounmgsliam.nmentioned in the U.S. Patent 5,976,826. The phrase "based

on PEG segment” meaRs. Lhfhot restrictive, such a polymer, or sugar derivative

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

oligopeptide residue has the following general formula (I):
20 Y—Ll—(B)m—Lz—(CH2CHzO)n~L3—X (D

In the above-mentioned formula, L;, L2 and L3 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:

O
n I I
—OCHCOCHC— —O(CHg)y—C— or —OCH,CH—
b Lo |
R R 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



said polynmer, when it has no sugar residue, conprises PEG segnent 10 so that
thus forned surface is covered mainly with free chain of PEG segnent. So

| ong as such an action is exerted, said polyner nay be honddECGEVIBER 200&
copolymer or a derivative thereof. Incidentally, "free chain" neans a state
of polymer chain in which said segnent dan take a substantially free

’ g | _ m ; nat ctive.
stch & pol y g 13, & BAEExll S0 PHURANEL b3 HEL T CLE ROV AR AL RIS 01 e
derivative adintegmsoff—10|0@bEapd ndden etsistue 1heesgdrhef 10+20A0Q gener al

f I [): 20 Y;LL-(13 L2- 2 0 Ls- X (4l In th boy.e- ti d
formila, (UL L2 ab@Tes inbegaubn: [y CoRSHGE & alebredBuhar Sl pder ok om or
li nker wit h—@Hsz—@ﬂ,quH@t+C(Y@BPE(EH§)qQS—Z8f QDOJ-QCHQ)EQ—'}\?H—t.akWhen

t oget her, may dérfote 'val encé 25 bond, oxygen atomor |inker. B denotes a
conpound ofmt dendtds QWeenp)f bnranicalzptaken tagetiter] denobriadtaBer-a CH2) p G- or

COUG R Oy A MELEAD B n. . pentenl v S0gien oo
i nteger of atk@ePof 2¢cleNoW¥hen Myidrsthen 110N (Bese)gdl, desstdse- O @r pepti de
of 16" DECEVHRRCHgSHzL b1 Daritgosre adrleres Pombopof R BRHEIB | ave of
To- 20 000, et A e P10 ot es a val ence bond of a Inker of
- (CH2) 40O, - ( CH2) s COD3LOVECHBN} 1 e@ P oI 0fOHNRaY Wharsedbtinedenot es 0
eapett o AT ARATITY T RS Wel RO i eE (55 BfBuer 037 IYE & Unen
in is otherwhiénwhd deschdsed Bydeparesf iverdors 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
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 1s subjected to a reductive amination reaction with an amino

35 group which has previously been introduced into mono- or



-0-CH2CH2- 0. L3 denotes a val ence bond or -(CH2)r- wherein r may denote an
integer of 1 to 6. 10 As the above-nentioned polyner, there may be used the
pol ymers as are shown in WO 96/ 32434 (or U.S. Patent 5, 037, 999)ECEMBER 2085
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 (@&r U.S. Patent 5,929,177) and in Jo
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ollgosaccharl wherein enot es sugar residue can

al so beoobtomgcerdarityde,nimdiwmalyebélmxﬂelamodeﬂcladﬁsmcmgmmohnered{rmv@-me,nmmened WO
96/ 33233 (or Patent 7 accor diyn whi. ¢ et al p of a
ol yrer - hAVRIR e GRerPdgioi 1ol e pasEi B st prr s GiRkaet BFETD. “Wnich
inturnis ﬁﬁééﬁrg)o giﬂyéﬁ@@ly)erﬁire@pbma dadiisp, ﬁ\hﬂhvhﬁ'c}@l&hﬁdo§5
group whi ch has pre\{gous y been introduced into nono- or 19 DECEMBER 2005 12

ol i gosacchaV #efd” solahlaias aomboleor ol | gosacchari des, those which contain at
| east one gal act ‘IBM&‘&R%&& 8B eRIISS RS- ﬁ@rYtlHﬁég s@éﬂ@éﬁk}atﬁ% sestrictive,

exanpl es of such oligosaccharides include lactose and various kinds of
si al oollp gogedhrari biasedpar BEKF Ito ovipishyseganhasHeeen covalently bound,

polysaccharide per se such as polygalactose, sialic 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-L;—(B)- under circumstances, in general formula (I)

may be chosen suitably according to the properties of substratum

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

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



5 above-nentioned general formula (1) wherein X denotes an oligopeptide
resi due which constitutes a binding domain of ligand to «cell surface
receptors is also preferably used in this invention. Said |19J2ECEMBERZI0S
| ectin water-sol uble signal nolecule (e.g., protein hornone, growh factor
protein). As exanples of such an 10 oli dépeptide, there maybe nentioned,
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cell-cultivat.ijon conditions of ;this,invention,. hydsophilic pol r nmeans
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| ater. I, osunfacé-ofBuppordemndihenmsaidhdesk copoiyemer ak sfddrerelda theye ismay be
chosen suitghly accordi to.th roperti.es of subst,ratum 30 ase pl ate,
1 coat | AARPih eaaEis< s B T Rt dihe e b ePOY SPooS na et 1y
surface of gdgistareestppeelingretd. surface of device) on which a surface of

said hydrophilic bstance |'s tq be forped. Fqr ipnstanpce, said surface of
cul ture support r?gal%@es%f%@f) SEPPETWRIBSHS Y hal ftlorlﬁlwaﬁ formul a

(1), 520 S4Bl ot i Kt Sonsios i ibuprpen o2
when a Kur facy hﬂiaaioti)ms fhydtiongl gyooppvihach eants with the

above-mentioned functional group to form a covalent bond such as
-CONH-, -CONHCO-, -S-S-, -0O—-, -Si—-O—, -NH-, etc. How to
introduce such a functional group to Y, and examples of polymer
having such a functional group are given in the above-mentioned U.S.

20 Patent which was applied for by a part of the present inventors.
How to provide a surface of support which has a functional group is
partially given in the above-mentioned U.S. Patent 5,976,826. Such
a surface of support can also be prepared by subjecting a surface
which has been coated with polyamide, polyurethane, polyacrylamide,

25 etc., to plasma treatment by any known method, or by subjecting a
monomer which has a protected functional group corresponding to the
above-mentioned functional groups to any known plasma treatment
and, if necessary, eliminating the protective group.

When, on the other hand, the surface of support is made of

30 metal such as gold, silver and copper, the group Y 1s 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



rendered hydrophobic by silane treatnent, Y-LI-(B)- nmay be so selected as
to forma bl ock copol ynmer wherein mdenotes an integer other than 0 (zero),
e.g., five or nore, in the general formula (1), and, 5 thus,I9MECEMBER®005 he
hydr ophobi city of thus obtained ester segnment, said polyner may be adhered
to said surface of culture support to nake a surface of hydrophilic

substance. | n sadch.an i nstange, en W th a view to enhangi hea,adhesi on
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by a part of the present inventaors. How to provide a surface of support

p S
whi ch has ®roumcts-8nalC@fbuph@sHpagticial | Jugh vesurfacerarmbewrepsaerddned U. S,

Patent 5,9 . b
subi ect | ng "SPLAecHS ot S5 o APREAr AR SO BEGHN OB S ane,
pol yacnyl arthéeab@be-etcited toonppasnds inddtenehovéym anyiokeawroaetssad, or by
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to the abdV@IMSH3 éHégl%%chY@ﬁ%?ﬁ]d}%%‘ﬁ@SE%%y known pl asma treat nent

and, if necessarygllddthAaihgs é%gﬂﬁﬁb%ﬁiﬂfﬁ@e@ﬁﬁ% p¥bétice @Myt HRyOt her
hand, the surface of support is nmade of . 30 netal su(gbg as gold, silver and

copper, t héngthesd well &npsen tagihpsg skiledaig Bheyestipsudy st ch a pol ymer of
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necessaby, hdweewndipuelansid havenlg nstytophaby svefacearepreducsd inhidie i ts surface
may be cyt %Bﬁlolwll(r:lg I-rﬁg%r}e@iﬂri T 51(1: el rE)if lﬂycc'i'rcjpr}liii%ipsolymer is formed 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



19 DECEMBER 2005 14 specification neans that, when the afore-nentioned
endothelial cells, epithelial cells or fibroblasts are cultivated on a
surface having such a property, thus cultivated cells adherl® DECEMBERS2005
adhered cells are not detached by mld cleansing or rinsing. Such a surface
may be formed 5 of a conpound whi ch haslhydrophobic group (e.g., hydrocarbon

group, al ky}epd b%&uﬁ?@ﬁswﬁiﬁ%{pfﬂd‘Qéhﬂécﬁf)ﬁl‘{f%u?lg)trs%h)nﬁ%(e)a 1&(‘%{5@%&“@%&

(including ©protern cons utes extrace matri
charged grthiepmEephologiCabeonncbin, ofetph droidsiof calivnted depaiobgter epar ed

by replacing,hydrophi]lic substance (of hydrophi]ic polynmer) wth,one of 10
The above. rECh LI BRBGRAD T aTBe TusBbet REis RO pRaie e %k hdde o
surface of Jygs quRiféablsUlstaRes: 519%%) ande destiraplyaooxt ophilic surface can be
produced by any nethod well known to those skilled in the art, such as a

patt er n5f ormi ng rMAtdiba comdtrueh ef ewkivates erllautineh. supreEsA LY tUSs hovever ,
i sl ands havyi RN f i f i :
e D oy AP UL By PPN B e

surface of 0 0 on a sui d, on
this surfagattéhesd irsapleatest] ampahtecanaisou chtdiakdscarorergspshdbypa t o

i slands are arrayed j.n a desired nner, . and, .via.these hples, a plasm
treat ment WMHORE rotlth_prquzatilgn BCBWP@gog “ilféﬁa %‘?ﬁSﬁ?r?egraP% I whi ch

has formed sahddsHeha¢Ethigndvehfign, thus obtained islands are, if
necessary, treated with a conmpound which may formthe above-nentioned

cyt ophilbi ¢ surfadd) TH@eapavieceeita snpporeom wiicimeedssmeyto be intended to

hat . Lf. - \ oo . ohich
Taurt ace su1tyAeale B8Cd e IR oRBh, SIS SoRiBRY M QrPBEeARE OF MO0
whi ch yi elsddvént mcddzetebuaid)emt wiatem dfhe pabpmerteadddbord® BiGas ma

treatnent, the above- nent,i.oned tion treatnent is. needl ess. Interval of
L hea e T e IS GelBRr e SB0veaentioBect eShpia pi ur o
i sl ands ar gosgRARATEBspatidlly Yelslya pobymse¥rdfaged 3Pnddatihe?bin X

hydrophilic_ polynmer in a cultivation systemwherein endothelial cells or
fi brobllast slenates & wegayragidaeconpageldeprpiddarestine s SYhendde

layer-formpgre&l bfsaid'ShFpBFCHY i atPst 8lidL2hf KyBPoxyl group on said

surface is previously rendered hydrophobic by a treatment 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



connection or crosslinkage anmong thus cultivated endothelial cells or
fibroblasts and cultivated parenchymal cells, in particular anong 35

hepat ocyt e spheroids, on the above-nentioned islands. The pa9EEEEMBER 2005
DECEMBER 2005 15 "there occurs substantially no connection or crosslinkage”
means that the norphol ogi cal connectionin6of spheroids of cultivated

hepat ocyt e i Io) r a . of islands accounts for |ess
than 10 %m\é%léghe@gg}lge{ll feﬂs}gl Wﬁgl%&é%/é%n%&gﬂgg{si rably 0 % 5 Such a construct
of cultivated cel(B3 whiQuh theppofhse avleiech hae beehasbtednedi inssteph@iiad f or med
fromcultivated cells and. aryaye 0 atterned), in a.desired nner can
1 56 be obUBAAEDEGRUBAT I Pabyp lurabpotes el 1R AR ETRRIY KHOR o
construct Qa‘fnefs%a?mg ﬁdii%hét%raéfmhbso—5@oq%')q§rmaeéd,t5haapmﬁhlaon- 10

(A) The surface of a support on which cells are to"be cultivated is coated,

by spi n5codreatmenittib candoicted svithi wseanf blegaiNxby sophasmn a (gemetrater, tagidiene)

or water, a pokyner ;based PEG segnent, preferabl ol ymer of the
above-menti% .dggi%@reéllaypsroﬁo&nems, C8§§é&°&419g&835%}%§P§932?5%| ymer of said
formul a wheiqitpuetetbaf@nenesvad saadl faresiduacer hgdrephebpeptddedr esi due.

When the surface of said support is made of 91 ass, I f hydroxyl group on

sai d surfa&’:)é‘.f@%eb‘«‘réi?p@iﬁﬂ-y rendered hydrophobic by a treatment with a
P OPLC oy 2R 0OuBE B BGRA the RATALE Mk hBRIBRE | BgiRaPhy che! ands

cytophilic may sometines become “heedl ess. Silane treat nent
conductléd henaowakebopelymeehdalyerenpy behatber subjdadhdit® peEsmaned in H
O suka et al Bi_onacr onp 2000

) | | 21-27. |l i || )
o oe Pt ARG bR TR B B oAt o ulie Al B R B R Y IRE T 01 1 owi ng
met hod: a ploveemeadtiéhed ngasiealttén net 8odied Whieh @i polyrHendeesvatet al is

previously applied by 25 sp coating; later, ampg.group of a sugar into
whi ch t he é??%s%wn%gr’pﬁw Eﬁll%’leym@ e@ﬁb’ﬁ%ﬁﬁ&j is subjected to a

reductive amnatip) I esethol Miliingldeliae. WaviRe R3RopRAT: SupagRd by the

debl ocki ng of the above-nenti oned aceta is hafd to specl

t hi ckndss dherbareragdtivieand, fo yrsdancey endsthebabpellanth suﬁtah}&s)@;@ll\/ani es
dependi ng e market, for example, “human funicular vein endothelial cell”

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.



30 the species of polyner used. Anyway, a polyner layer is required to have
a thickness which prevents adhesi on between feeder formng cells or cells
different therefrom e.g., cultivated parenchymal cells, on 19DEGCEMBER 2008
correspondi ng cells on another island. Any skilled person would be able to
determ ne such a thickness by a sinple 3% experinent. Although

non-restri cltyye, LC S I 16 nononol ecul ar
filmwould %%gg, %ﬁi‘hi{g?r%mgg?g) %h%%%%@gg%@ﬁgggg%glgg obtained in step
(A, a maskbpad-neentiohiedhcdlbs spheralddof esltovaies] hapat¢pries errabhyually cul ar
ones having,a di ter of a 50-500 m, i aced, .and.a pl as 5

reat nont G B S e Wik b Reon, AlfsedgP APheh ubaRated GF TS 2y,

thus, pol yng{e LBY®E-REnBRMIE1ISAALEesponding to the holes are destructed
and renoved, and, for instance, hydrophobic-treated surface is exposed. (O

| f necedsary, theOther aeldswhaohhepstdnydasarposahily affermiogrempergidef
pol ynmer | aye e sei ther ;subjectad to asnma o] ryzatio it h._a
Pononer hav g A et ettt b dif BT Jabgn PIERLECHESE b el o
coated Wt htlee pbbysanetefoneelislindmwhed daleneed Bhusytlenbennodi fi ed

cytophilic. (D) On thus obtaiped. surface having,cytophiljc islands, 15 there
are cul tivat@alvataen methofe, Q@ﬁboﬁqg@rdaﬁogﬁpglt@vat@@i@ gArdiaganusgle ¢ he

mar ket , for f.unjicu v.ai j 1 i.ded by
Dt ni ppon Fiarmeear ooy g et plig AR & BRARLLR AN el s R i o

AL P Vavaia PN e

such celd s @d{i)B&00alt 1 1@t B @irfd Suililabhe etall fumericandiovrml ohe mar ket ,
for exanpl "VE, nedi ung } Y 20. ivni ppon  Pharnmaceuti cal ., Ltd.),
and, thus, egylpﬁg?n%lf)n%? {e?@g?gg%é%eq%’ Ylaiﬂ} Bé)%ecﬁt tPﬁli 3 SHWY%/@PP(%% can be
conduct ed bylia calishede & Gdinsisdnsed]] NelapeheatsBat Enterd@t3®(sl or a

nodi fication reof . ( On the feeder layer. of cultivated cells as_.forned
in the ste‘bo@g}eQiZ CePTSTHR; SRcavittirrsiereito Mhofmlinsation o bhi cfls Afsal d

layer of 29, 1beGelsks.J. AL EPEtial Ne P BNEDUMBIBiIGEhE fhicR e BiyHMatLd.
Al t hough primary celg S a :e rgf erable for the above-rrentl_one ~.ce_l | s such as

15 Acta 1530 (2001): 1834-198, these references being non-restrictive.

Animal cells which are to be used in this invention are
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 1s 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
1s 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 parehchymal 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 1s different from
the cell that forms said spheroid) in accordance with this invention
which 1s supported on bio-devices is retained on the surface of said

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



parenchymal cells, any species of cells of cell line (or strain) or any
transforned or transfected cells will do so |ong as they are capabl e of
formng a spheroid of cultivated cells on the above-nenti ondd DEEGENBER 2805
cells when cultivated according to the nethod of this invention. Both

endot helial cells or fibroblasts which fl8 ma feeder |ayer and cells which

form spheraid, 1.p Y renc -cel-1s, a u r f their
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cel | s tan mepahobygieallyrentfapabbpheroidsranenguppheted ds a pfedefierinviatesy

hynal | | f | f cultiyated cell t.h :
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(0}

al ., Journal Bi onedi.cal . Materi al s Research, 0 60(i) .(2002).: 110-117 and

G Illiano %h%rlO,ldmeaibaa'rd%eieha|aq9f>r§%§¢W@ﬁbitilas 1BVEDEOR MagnEaUsa Wit h

respect to jt:he,. [ ' La_cel LS 9?5@ . :

Neur ochemi s}él F%rﬂéelr}x%élﬁy%gl% fﬁ%% 51%82§%é3&“}§§81§%£n wﬁf}ﬁeélecg%%%ﬁlo?o t he

cul ti vawi omloiiityefer aéli¢ssivthreeaweekastabbe JSuth aPetd-teTivevient newtfoat, |

Bi ochem ca et ,Bi ophysica 15 Acta 1530 (2001): 184; 198, these, references

et ng. non. r e iedbiie SoakeniRE A R BiF Ut o b BR i W i chrE Kfvent  on

are pr Ief er@bﬁm%@@h@ero&b Ih@blaﬁ@?lhmi@h.n_esrlli@h @ﬂﬁnﬁ!ﬂtléwbéler@rhbtd ewahaaédt f

surgi cal ones, so usable ar ose,which are avail able on the . market from

suppl i ers rslmhhﬁgnpﬁétqnm@?égﬁéﬁ@@pb\éﬂ?@ﬁaﬁﬁhéegﬁwmdw.of?fmher&a ai ned

co-cultured j -1 Ph i j ose surface is nmade of a
é.%i,tﬁﬁi}ié‘e &h B hnd9F ppmgﬁ&ﬁcﬁﬁh}w.

cultivated cell construct per se ~has the co-culture on the surface of
a suppdpt, or forCoicaltlexe sdsichhesenéaimeden the afore-mentioned culture

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

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

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

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

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

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



is formed fromsaid co-culture. Al though not restrictive, exanples of 25
such bio-device include a device for the test of toxicity of cultivated
parenchyrmal cells, a device for the screening of substances IMDEIEMBERI 2005 €
the function of cultivated parenchymal cells, a device for nedical support
of the deficiency of parenchymal cells aAd a device for trial exam nation

of the physi I i
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than hopat GESATRFRRGEH2 Fag \Bfs PrRaEteg (L Cp b aflek AE WeBia g Polerd
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nor phol ogi cal | | f.or pher oi ds are supported on a pr edet erm.ne arrayal
pattern. THESY Igfﬁﬁé‘il%l treahmens therenwers formedaperes mywhlﬁ ependent
fromt hat F : o | icein
accor dance aéfgﬁﬁﬁélsﬁggﬁ?%( %rér%?ntggégr@ iR tﬁ)l t&é?@%&xﬁgﬁ’g}? gg?t)gl unction

(e.g., 10i gpalteemi k%ebﬂmgm@rld)ductl on 10 ability) for at |east three weeks
stably. Such a bi vige is, theref e for the.sc n
anvironment or s SRtahc o aeRagRRa st it Alidtsahbs B AL ERPRRERE § on
Sﬁch an lnfnhbl@iﬂ‘@i @grgl@% m\e@huﬁt ¢DMBWN L@@odﬁ?r(lstl Fll@@e@fteahgltm@whgg: cal
change or ct .of spheroi ange i n- product.ion ability.
15 Co-cult ?@ \L}@ﬁ‘@ﬁe&er&éﬁt gg‘h%gqlh qméeamfﬁegmﬁh rcﬂ?’t’lfrltlm’cel I
construct qggrar%%opﬁgbﬁg 2d st tSHPRARY, Qﬂdatmgsa?@ﬂe s, fel-erepegal

t r eat ment us peeled culture_per se is _an diment of this invention,

and |s1asata|dé1asmomrde:xmpna&@latcelircult@r@bﬁd c@grmoamdlng teridieneer i ng and
hybri d- typ%b%%slrn%%sdgne&%c;gg.s invention is further explained by concrete

exanpl es a
b) Cell cultivation:
On the cell culture bed as obtained in the above a),
angioendothelial cells (Bovine aortic endothelial cells) were seeded at
20 a cell density of 1 x 108 cells/cm2, and were then statically cultured in
an atmosphere of 5 % CO2z 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 1086 cells/cm?2, and was then statically cultured in
an atmosphere of 5 % CO3 at 37°C for 24 hours. Resultantly,
hepatocytes were adhered only to the endothelial cells which had
formed domains according to the above-mentioned pattern, and, thus,
an array of spheroids was formed (see Figure 3). These hepatic
30 spheroids maintained hepatic function (e.g., albumin-producing
ability) at least for three weeks, and, thus, cytoskeleton was observed
(Figure 5 shows a three-dimensional enlarged image of spheroid).
Also on the surface of lactose-PEG/PLA, when the interval
between circular holes of a size of 100 um was less than 100 um,

35 adjoining endothelial cells got connected to each other, and, when the



foll ows. The exanples are provided only with a viewto facilitating the
understandi ng of this invention. a) Preparation of cell culture bed: A white
slide glass (26 x 76 x 0.8 mm/ Takahashi G ken d ass 25 Ca9,DHCEMBER2805
boiled with sul furic acid/ hydrogen peroxide (50/50) for 60 mnutes, and was
t hen washed. Subsequently, the surface @0 this glass was rendered

hydr ophobi ¢ Si | upl i t it 9 .

3 ot nacr oy PRy pSase R P e SO Mithetelph bt ander cieumsranpes
(95/5). Thesserfigueeas). t lsnerapyretedlthurdrioptwpactdrmeat kel ofle gl ass was
coated with a,4.%sqlutjaon, in toluene, o ol yl actide havjng a | ecul ar
wei ght of 231 eqtlﬂﬁqscﬁiﬁn thegg s é@?%ﬁaﬂ%ﬁi}@%ﬁ%w tefny ﬁuklg@%ti on, in
tol uene, of} o) AG9865 PEG PLA whi ch had been obtained by reductive ami nation
of al dehyde,” converted from acet al - pol yet hyl ene gl ycol (nolecular 35

wei ght : 56, 000) copol yl actide (nol ecul ar weight: 8,000; hereinafter 19

DECEMBER 2 19 . e eI .80 {]E)t as acetal -PEG PLA), with am nophenyl | actose
by spin c o ,D.r‘r'c ; polymeric layer surface with a thickness of
about 100 m was Ihoth@d obfRirdidusri0f oEepaticraiherdidycheputicaactidieie was
pl aced a mask. pattern havi Hg Ci rculgr por es %t 1&?‘%m which 5 re separated
at an int erRaiNEHNEGOYRT ARANEHIIAC §f5}1§§ma Wy RS, SMQRULLUNE was
conducted [d4; g i RG] : = : = 50
sccn 30 sccdr%ng_:ﬁzIB %ﬁ%‘%@%ﬁ%“@gﬁ’ a r gsduﬁ @%}p %ﬁ?@ﬂglaarg?rnaﬂ%lrn teé;lt%ﬁlehrlltt';gr)t_her e
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above- nenti oned sk 410 pattern (s Figure 1). t he above-nenti oned
Surfacer ' HOPOR AR Clg el el R S oy Blimediel S LA TR OvEN G beo)
(suppl emrentBesideshcoralture, e.f etcalltibavédé epariowplBérsidgerhickpisdgy BBl growt h
factor, peni cilli@g hydrocortisone an .st;le&‘t(gl C"}I}), arid, t hus, there was
fornmed cel Peede@@hbsptshanemimmay e werd iR dhed S ansAlBBERRETEF 1o ¢ he
above- ment iipRgdr QQHESratin ERlginéstihlov atTRAS, this invention is usable in an

15 industry which is involved with examination to evaluate medicinal

action or in a medical support industry.



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
106 cells/cn2, and were then statically cultured in an at noIpEGEMBER 20002
at 37C for 24 hours. Thus, endothelial cells were adhered according to the
gl ass pattern of exposed pores (see Figyre 2). Subsequently, primary
culture of hepatocytes which had been p épared fromrat's |liver by

col | agenase perfusion was seeded at 28CBAIMS$ density of 1 x 106 cel|ls/cn®,
and was then statically cultured in an atnosphere of 5 % CO2 at 37C for 24
hours. Resultantly, hepatocytes were adhered only to the endothelial cells

whi ch had  Tprimdedded) nsAa%%‘Iﬂiﬁc?@el‘l %oh@@r@&%ﬁi&?@Bh%ﬁﬁe@%t&ﬂ@uré’é‘d1

thus, an array of spheroids was forned (see Figure 3). These hepatic 30
spher oi ds nedfrdifferent rapmakcdllispecies qr agsuppotunymerriodund agecwisiofi ty) at

| east for three wee and, th CyEoskel et on s ,obsenved, .(Figure 5 shows
L thr eeo i ot ShER e a PR T RERA By R BRI it e of

| act ose- PEG ddrivedtiesmt Herémilefmall cebgtsedested frowh aheBlRp €dn sissieopf 100
mwas | ess than 100 m 35 adj.oi ning endothelial cells got connected to each

other, and, heratociites d abacrlER poosrens, dandeas musels qalﬂcslh gdiorcelds,, cel |'s
o pat t orned 1aven o il RAR (BRFaFingE 20 KEANRE EytsFBEAMER BT o' pat Cor

no patterne e 1S S eroid pattern
of cultivat estenhepHtotlyd eshebspadiestofisaidApptultabes foims d Bubbtratelh dnned

array of hepatic spheroids, hepatic function is i nt.ai ned. qyer .a | ong
period of ti‘-’r?él.taﬁh?‘flﬁ_érsﬁ% éPW@lalﬁ'i”t(ﬂ‘rsem a&gﬁ%a a&d&%ﬁﬁgtaﬂg s#elenousands
(theoreti callbyeg_ef caidivht&d @Hf?%])li&pa&f dgﬁiﬁb_%ﬁ' ﬁoﬁpbsnewﬁic}ﬁﬁ?% Fé}?ﬁbf‘é ore,

¢
such a culturé dish is usable for the nedicinal assay of tens t housands
of nedi ci neofanakingmaid spéeirded mabking cells surgive andﬁdnt fuattédnheput i ¢

spher of . i, ch .%i408%n RESfdugl fisfed S8t TR R8s 58 Aokl il d of
there are at least two co-cultures which are separated 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?.

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

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

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;



|'i ver-regeneration engineering. Thus, this invention is usable in an 15

i ndustry which is involved with exam nation to evaluate nedicinal action or
in a medical support industry. 19 DECEMBER 2005 21 CLAI M5 1.19D%6GHMBER 20805
cultured cell construct which conprises co-cultures of different anina

cell species on a support, wherein one sp%Fies of the co-cultures is a
spheroid fornmed by cultivated cells whi cif?are  deri ved from parenchynal

cel | s sel ect addftimniriteevgi bupweensd diaicaat o§landepiat Dicldaes  abmital 06!l . of
pancreas, cardiac nuscle cells, glia cells, skin epithelial cells
(keratinocytes), chondrocytes, osteocytes and stemcells; the other species

of said co-cygl {ARHdRDE %lﬂye%({ieéﬂreoin@tr&gkg § hix\fﬂwvdﬁg{eelquﬂﬁsghﬂdgnd s

in a formof a substantially single layer o tivate are
derived froneach lof whichhcaurree s apadtere afremepiargtediby =pbefaiadofrakpportel | s

survive and/or .function, said .l ayer ,exi sti n . ndi vi qual islands on said
support ; andw\m%ﬁé?ﬁnaaﬁﬁ%ma?ehﬁrqp@d %68%8’@01&1&9 Wr%&’%ﬁ%ﬁ' are separ at ed
fromone another. 2. (Deleted) 3. (Deleted) 4. A cultured cell construct of

claiml1l wherein cells which form spheroid are hepat.ocgt es, and wherein the
other speci ed0ofAmeandadit ed cwlénred wallgonsteuds of elaam Sfwherewm the

spher oi d- f orq s_ane. qQrlgi endot hel 1 al_ce agr fibroblasts.
5. (Del et ed)Hgagﬂﬂgm aﬁé&@ghﬁ@?ﬁ%ﬁ?%ﬁ%& &cgﬁ%ﬁ?%@ éeél(ﬁophe i sl and has
an area of pbwthyl&tiklyeoBse®R@ntBrhich RagW hydedxgkitowpnratone bf éfs cl ai m
1 wherein the isJand is substantially circular and has a dianeter of about

50 to 500 mtegm nded) A cultured cell construct of claim1 wherein the
island is substantially circular and has a dianeter of about 50 to 200 m
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11. (Amended) A cultured cell construct of claim 9 wherein the

hydrophilic and cytophobic 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.



and the interval between adjacent islands is at |east about 100 m 9.
(Amended) A cultured cell construct of claim1l wherein the islands each of
which carries a culture are separated by a surface of suppond DBAEMBER00®mde
froma hydrophilic and cytophobi c substance. 10. (Anmended) A cultured cell
construct of claim9 wherein the hydrophilic and cytophobic substance is a
pol ymer based on pol yethyl enegl ycol segr‘?’ént whi ch has a hydroxyl group at

one of its 1®r@maedl. A(ATEaeed el comlstiicdoLehaimCOnshetdin ghe cl @i m 9
wherein the . hydrophilic_and c tophobt)c subst ance has gol,yet hyl enegl ycol

segnent andhyerepiadic aed wydrpheblc substanaedisn papéde deriyagsre basadionuct of

cl ai m 9 whergi r i1 C i o I | ected from
t he group céghs%ll%‘%}?m;lg}ég gggpgis%{’%rﬁgﬁtdgiBQEEJTJ’@??%%?%%EE%S?%}?@Me based on
a pol yet hyl@valghylyobowrdrdigop dptidee wdfichhasepiieenimalnsinsacalal ent |y
bound a conmpound which is selecjed fromtheg\%;:gﬁp consi sting of nono- or
ol i gosaccharIeREeREROLATFENBET BHEANER AP RF LI constitute a binding

dormain of ligand to cell surface receptors. 13. (Amended) A cultured cell
construct of claim9 wherein the hydrophilic and cytophobic substance is a
sugar deri vat6. A mesaedin A cyltihget hgllevasgiyatorf cdaymedtwhereionslafdwhose

termnals ane coval entl beund 0-p,0r oliggsaccharides each of which

contain at RS S ac%ﬁ‘{l& ]squnr%iéo%?c ﬁ(_)p ﬁ&ﬁaﬁ‘d %‘)a%ecul tured cell

construct of claim9 wherein the hydrophilic and cytophobic substance is a

sugar derivative which _conprises a polyethylene gil ycol segnent, to _one of
¢'g

whose t er ni nlal.dAmeadedy al Amulturesl aell sonstrert of ¢launad srasredasisbasd of
whi ch cont ai t | act 0 i.de
segment 16 TRt s LR B ARSI CH Ry BB LD
g laim9 vxhe[)thiengﬁdig) cbndirslmtmg Efla Mpouhdjpthwi kas ulblsydtmnbt@fna%mp@ppj da
erivatl ve e n a po etnyl ene g co segrren,t, to one se
Lo nal & ardkvL st Ferrgile &odiin a&ﬂoﬁéaﬂ%gr%ﬁ’&]cwﬁﬂu thatfa$a aci d
carboxylate anion and a phosphate anion; and protein that constitutes

extracellular matrices.

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

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

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

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

20. 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.



sequence of arginine-glycine-aspartic acid. 16. (Amended) A cultured cell
construct of claim9 wherein island has a surface which is nmade of a
cytophilic substance. 17. (Amended) A cultured cell constructd DECEMBER 205
wherein island has a surface which is nmade of a cytophilic substance
selected from the group consisting of a corrpound that has a hydrocarbon
group, an alkyl silyl group and an al kyl?4 | uoride group; a conpound that

has a carboxy! @ i) aACbﬁ)o@BQS’tBf}ﬁ‘e%a%@'@@ult@@@d@e%é‘dﬂ'sttrﬁ%t VGHREH' tutes
extracellular matrices. 18. 'A co-culture which has been f)ee ed a support
a

of cultured cczmptrlaﬂsr@& laast taeo defaulbwrdsofatiffereatafnional esll Bpteclwonlag A
bi o-devi ce which rlseﬁasufacef% ned; froma cutured iﬁl conftruct
I

as defined i %Pm?/r e &b GultPEs spRerGrls afgkdrtediotl ddpopolaves

wher ei n eacheslipheteiddcdlis biwkseparamed plasaLidlhvdeswhichgroests ig ed cel |
construct has a substaatl ally spheric hape_, and has i’;l di apeter of about 50
a

to 100 m theharacdeyigedper fdh ombhesunta qaféadnagemg R W a@%aabout 100 m
and the spherg ﬁ&lﬁfeq 53 bé"%ﬁ%‘?gdaﬁh%& o ﬁﬁrﬁ&lgﬁl@ﬁ %T
whi © € group ¢ nS|s ing o

bi o- devi ce of is selec from
device for tpayeehylefe ghydotisegnoénispherodivhoseteimgnakl issithar devi ce for

the screening of substa ich acti S e function of dformng
cells, a Geviedlenty uapegn %B%Yade@ﬁx Eeu&@?%wﬁ@powdéﬁg}@ YO8 mi ng
cells and a %V!%P&ué%n%{ét%g%ﬁﬁbﬁét bPB{ b&m@agé'aq{cpal g@lpeﬁ%fdé@ ty of

parenchynmal cel MBER 2005 24 2 ess to prepare a
cul tured celwhfrdmsonatntumladbundmmdmmesnaﬁ ligrasd tommmlocﬂll snefaaf

different ani mal , cell ies, on a aQr. n mhl h co- cultur her oi ds
are carri ed HeRtoh R anecTo St fre UBBRY Pl Al I EEH BB o ands,
whi ch processlaisgna ¢hedabat vigt hindlphttedh hAeisyplaes @h@laﬁahsrésal on
which a co-culture is to be_adhered, there is fornmed a_pql yner |ayer based

on a pol yetwipiehargisppairatedizom ore asothabed arimteryas of stdeaneabout
covalently UfRPURY 3a GAYRhINAYY PRt &F $5ROHO9188! 56! tHat Ty mer

layer is thus removed from islands which correspond to the
above-mentioned holes, that, if necessary, cytophilic substance is
applied to islands from which polymer layer has been removed, that
endothelial cells or fibroblasts are cultivated on said islands to form a
monolayer of cultivated cells, and that 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.



the group consisting of nono- or oligosaccharides and ol i gopeptides which
constitute a binding domain of ligand to animal cell surface receptors,
that the above-nentioned pol ynmer |layer is subjected to plag9®DRCEMBER0YI a
a mask pattern having plural circular holes which are separated from one
another at an interval of at |east about 100 pm and whi ch have a di aneter
of about 50-100 m that polynmer |ayer i €5t hus renoved from i sl ands which
correspond tggt@eddedove @@HUr@HQ@IIh&i@éizruEh@f cldifm qe%seieiry eaeht ophilic
substance is _applied to islands from which polynmer |ayer has been_renoved,
Chat  endot R henoid an theopo LribBisedeas gt antiAlY éﬁhéﬁlcs%\]il@pﬁ Anchdast o
forma monol gyer, qk, %H"atb'o\(xgti(ﬁ‘tﬁ'o'os : %bt 'Pﬁ[er@ E\Pé!é'ﬁ' jGbbit Sel ected
fromthe group SONSTEOHA epat ocyk €s, e ce 0 anc eas, cardiac
muscl e cel | %p}génoadgeé lag leaktf abept tllﬁ)ﬂ ial; axed kthe (dpérea*bldmayé %S)arrayed

chondr ocyt es, ga'cytes and enbryonal or adult stemcells are cultivated
on said cuIt%%E@ IBéipgﬂﬁﬁnﬂbﬁq@ﬁnspher0|d of said parenchymal cells. 23.
(Del eted) 24. A process to prepare a cultured cell construct as defined in
claim 22 wherein spheroid-formng cells are hepatocytes. 25. A process to
prepare a cultured cell construct as defined in claim22 wherein the

pol ymer | ayer conprises a polynmer which is based on a pol yethyl ene gl ycol
segnent one of whose termnals is covalently bound to nono- or

ol i gosacchari des. 19 DECEMBER 2005 25 26. (Added) A cultured cell construct
of claim1l wherein each spheroid in the co-cultures has a substantially
spheric shape and has a dianeter of about 50 to 100 my the interval between
adj acent spheroids is at |east about 100 m and the spheroids are so
arrayed as to forma certain pattern.



