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DESCRIPTION Method for Production of Three-dimensional structure of

cells 5 TECHNICAL FIELD The present invention relates to a

method for positioning various cells in an arbitrary three-dimensional

space to create three-dimensional structures composed only of cells and

the cell structures created therethrough. 10 BACKGROUND ART

Regenerative medicine in whiclb%@@ﬁpﬁf peplanted to an affected area

pursuant to the objective of regenerating a lost organ is increasingly in

practical use. Conventionally, an absorbent material that would provide

the cells with a scaffolding inside the body was necessary to affect

regeneratidhe8radrigs Bﬁ@"gﬁ&im\lﬂf@ﬂgﬁ anghgisnalititgteenfedibollagen

and hydrolyzed artificial polymers as these absorbent materials is being

tried, adequate effects have yet to be attained in terms of safety and cost.
THbOEreforgl thg:present inventors developed a method in which

three-dimensional structures are built entirely from cells ("Tissue Plug

Produdtisnpigethbdny PatemtrBlaicartent tethmthi®mathiddning pouring actlllin an

luster into a mold, the creation of large 20 structures composed only of

o QLY PR RS ESAVATRAIN ET o B R RREI iR iscomposed only
oraehieyssuThisinveRtighas.nadkits &ficagy confirmed in animal

experiments, has progressed to the initial phase of clinical application, and

is attracting attention. 25According to the above-mentioned cell plug

grigiction method, by pouring cell clusters of different strains into a
B ~ete-in order, it is possible to create a layer-like complex
cell S@%‘éﬂ%ﬁﬁ@\é’%@&ﬁﬁ%qrp "GN, hauR aﬁg\/’[?g}lggﬁgﬁeﬁg%plgg .affectTld area

sequence structure of cells, the development of am d for creating ce
punbugsttiattbambjective of regenerating a lost organ is increasingly in practical use.

Conventionally, an absorbent material that would provide the cells with a scaffolding
inside the body was necessary to affect regeneration of large organs. Although use of
animal-derived collagen and hydrolyzed artificial polymers as these absorbent materials
is being tried, adequate effects have yet to be attained in terms of safety and cost.
Therefore, the present inventors developed a method in which three-dimensional
structures are built entirely from cells ("Tissue Plug Production Method", Patent
Document 1). In this method, by pouring a cell cluster into a mold, the creation of large
structures composed only of cells, which was conventionally held to be extremely
difficult, was achieved. This invention has had its efficacy confirmed in animal
experiments, has progressed to the initial phase of clinical application, and is attracting

attention.

According to the above-mentioned cell plug production method, by pouring cell
clusters of different strains into a culture vessel, etc. in order, it is possible to create a
layer-like complex cell structure. However, since organs have an even more complex

sequence structure of cells, the development of a method for creating cell plugs that can
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assume a more arbitrary sequence structure is necessary. Further, as cell
structures grow larger and more complex, supply of culture medium to the
structure interior (during culturing) and blood vessel channels must be
secured and further improved when performing large organ regeneration
thereafter. 5In recent years, special gelatin that hardens at approximately
as %QEQ HR6R %P&lt?éf?%é@fdé%@ s@ttd&WrEe@ H@J@s@é@s Ihﬂ%h@?, &} ggl“l’ %IQ{?&Qres grow
(temperature-sensitive gelatin). Attempts are being made to construct
latfreesdinmensicoalgel, stoppiyred by ladkenindicellsotaltbistgetaiia iatereatéduring
cell sheets, and further stacking cell sheets upon one another. However,

Ul IngREURIRRI RS SBRHS IR i QUSRI A elfRiny When
pe}ﬂ)g}{{@g}%g %F%?x%ge%?a%mjﬁe%%ﬁj&q’ and the thickness of structure
o be limite

appears t 0 approximately 2 mm. Further, according to this

methobh tellewingaeqrepletionpefaie gifuctudngelatipmorinRkegoVEI@hrees and
from the interior of the structure after the temperature has been lowered to
tuEsniRe HOWE @npsr RIsEHSTie yBRetndeitel ePRE UigmRewaversenitive gelatin).
Afoubrful that. elatiara o ncb(;:ls om {E%e%! Fcovereq fr [n inside thg dhers n
Betricilires, and residual gelafin'in the body presents'a Tisk of Séc"erne celis

toaHecieive 1o fawigncbodnseactan menhaiaptdecimeantds (RRIRLe another.
Document 1) Published Patent application 2004-357694  (Non-patent

Helwevipnesipp) Reg enbrationediWartildge Tssinesol shegewibbtolqregisteretremely
.20trademar el Internet<sLIRE:HYPERLINK"http://w w.rnebiol.co.M/rd-

dlﬁf%)ﬁ‘aﬁ%ﬁ‘% ﬁ?n%%/&%ﬁ%%féﬁ&‘o.ﬁd#ﬁ@}? RSttopdsucture appears to be

hﬂ%&%@le%%&%%ﬁn%&:@%ﬂh{VﬁMH&McgérﬁﬁgQ@ IﬁﬁMn%d,Nf\{ M@ I%ompletion
SEEKS SOLVE The purpose of the present invention is to

ofptavidewatmethmdhfor positioniegpvearidu§aslithin @readitodrthe structure after the
three-dimensional space and producing three dimensional structures

temperatine, aé)&ﬁﬁ’%llféww dgonvert the temperature-sensitive gelatin into a liquid.

However, it is doubtful that gelatin can be completely recovered from inside the
structures, and residual gelatin in the body presents a risk of side effects due to

foreign-body reaction (non-patent document 1).

(Patent Document 1) Published Patent application 2004-357694
(Non-patent document 1) Regeneration of Cartilage Tissues Using Mebiol (registered

trademark) Gel

Internet <URL: HYPERLINK "http://www.mebiol.co.ip/rd-img/nankotu.pdf"

http://www.mebiol.co.jp/rd-img/nankotu.pdf">

DISCLOSURE OF THE INVENTION

PROBLEM THE INVENTION SEEKS TO SOLVE

The purpose of the present invention is to provide a method for positioning
various cells in an arbitrary three-dimensional space and producing three dimensional

structures constituted exclusively by cells.
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MEASURES TO SOLVE TIIE PROBLEM As a result of diligent
research undertaken to solve the above-mentioned problem, the present
inventors have, through the use of the temporary immobilization support
structure of the present invention, positioned various cells in an arbitrary
three-dimensional space, succeeded in the creation of three-dimensional
structures composed only of cells, and completed the present invention. In
other words, the present invention is as described below 10(1) A support
MioA positisriop el clugtdars bR aibitkavy space” wherein said support is
provided with a substrate and thread or needle-shaped materials for .
puncty¥ing defeiuslerdiligontT FRseiphh orp daédsme ddnsay kg eberye-mentioned
Head grneedicrehaped materials are pogitianed on (ne. subeliale, I & 1 on
P a}i)mos‘t perBendlllcu ar direction. 1 53“? e suppor(t) described |nr(yl) or
suppéperpreviged vitheasbeak coneinethg sisHatevaldud NRIBURROEL arbitrary
described in claims 1 or 2 wherein the thread or needle-shaped materials
thepedioesednaldherent. SUqBETek supporcawmisibed ith(ty-oi@nsitireipructures

the thread le-shaped materials are 20positioned with h
COHRUGY LA T Iact T MR ANG at EhRGR hen cel catrs are

punctured. (6) The support described in (3) wherein the sheet is
non-cell-adherent.
In other words, the present invention is as described below.

(1) A support for positioning cell clusters in arbitrary space,, wherein said support is
provided with a substrate and thread or needle-shaped materials for puncturing cell
clusters.

(2) The support described in (1) wherein the thread or needle-shaped materials are
positioned on the substrate in an almost perpendicular direction.

(3) The support described in (1) or (2) further provided with a sheet covering the
substrate.

(4) The support described in claims 1 or 2 wherein the thread or needle-shaped
materials are non-cell-adherent.

(5) The support described in (1) or (2) wherein the thread or needle-shaped materials are
positioned with a gap such that they can contact the neighboring cell clusters when cell
clusters are punctured.

(6) The support described in (3) wherein the sheet is non-cell-adherent.

(7) The support described in (3) wherein the sheet is provided with holes or is mesh so
that it can be penetrated by the thread or needle-shaped structures immobilized to the
substrate.

(8) The support described in (1) or (2) wherein the cell clusters are spheroids.

(9) The support according to (1) or (2) wherein the needle-shaped material is conical.

(10) The support described in (1) or (2) wherein the thread or needle-shaped materials
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(7) The support described in (3) wherein the sheet is provided with holes
or is mesh so that it can be penetrated by the thread or needle-shaped
structures immobilized to the 25substrate. 00 The support described in (1)
or (2) wherein the cell clusters arc spheroids. (9) The support according to
(1) or (2) wherein the needle-shaped material is conical. (10) The support

ardlgseERa I Gy Sn16R Whessin thethreadiogneedle-shaped materials are

made of polypropylene, nylon, or stainless steel. (ll) The support
(testhbeupno3)detreibid the(Shedtistretitediwith ieithertdluorittedther fluorine or
palyhydrox ye thylmethacrylate.  (12) A method for positioning cell
polyhErsisy Rpanlates, said method comprising: 5a) the step of

' : thes at] r L
RO D U OSpAEh
alaine dtepind forg)ithecstepladteatising the penetrated cell clusters to contact

each other. (13) A method for the production of cell structures, said
et dtepmbrsisgatiog) e fetap draelinsiugias veitistaas thread grensrdicoshaped

m gg%tgggqg?the forméed cekl)lejglys(t:?rls Wft-ha}ﬁe thread or needle-shaped

Tt
materials ﬁlwlg%gupp(e)sr%r &scribed in claim 1;

¢) the step of causing the penetrated cell clusters to contact each other.
(13) A method for the production of cell structures, said method comprising:
a) the step of forming cell clusters;
b) the step of penetrating the formed cell clusters with the thread or needle-shaped
materials of the support described in claim 1; |
¢) the step of causing the penetrated cell clusters to contact each other; and
d) the step of recovering the cell clusters that contacted each other.
(14) The method described in (12) or (13) wherein the cell clusters are penetrated by the
thread or needle-shaped materials so that they continuously make contact with each other
in the longitudinal direction.
(15) The method described in (13) wherein the recovery of contacted cell clusters is
attained by the step of drawing the support from fused cell clusters.
(16) The method described in any one of (12) to (15) wherein the cell cluster is a
spheroid.
(17) A cell structure produced according to the method described in any one of (12) to
(15).
(18) The cell structure described in (17) wherein the cell structure is constituted by same
types of cells.
(19) The cell structure described in (17) wherein the cell structure is constituted by
multiple types of cells.

(20) The cell structure described in any one of (17) to (19) that is used medically or
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c) the step of causing the penetrated cell clusters to contact each other;
and d) the step of recovering the cell clusters that contacted each other.
(14) The method described in (12) or (13) wherein the cell clusters are
penetrated by the thread or needle-shaped materials so that they
continuously make contact with each other in the longitudinal direction.
expbAmbigiIRethod described in (13) wherein the recovery of contacted cell
clusters is attained by the step of drawing the support from fused cell
(Zlustbes:cB0(t @) Tieelenativod teSthibecdimahy meenf6lidhtef (bhwherein
the cell cluster is a spheroid. (17) A cell structure produced according to

the lethod described in any one of (12) to (15). _ (18) The cell structure
AT9$RRBRE I Opheein onstltuted by same 25types
of cells. (19) The ceII structure deS(g%Mgem (17) wherein the cell

structUiieeipresuistifiadiby provtigle HNpp &t C6HBo (RN ADBLRH SILGI M Grbitrary

descrlbed in any one of (17) to (19) that is used medically or
sp%ggp@? for the production of cell structures consisting only of cells without
remaining forelgn substances wherein the above-mentioned support is used to place each
type of cell in an arbitrary three-dimensional space, and the support is removed after a
structure is formed through the fusion/bonding of cells with one another. It is known that
cell clusters (spheroids) fuse together when left alone when in close proximity to one
another. Through the use of the support and methods of the present invention, the shape
of the structures formed by spheroid fusion can be controlled, and cell clusters can be
placed in the desired position in an arbitrary three-dimensional space. Further, according
to the present invention, a void (tunnel) can be provided inside the cell structure (at the
interior walls of the structure formed from cell clusters) without placing the cell cluster,
and culture solution can be supplied at said tunnel. As a result thereof, large cell
structures can be formed. The thusly obtained cell structures can be used, for example, in

medical cell transplantation pursuant to the objective of organ regeneration. Further, use

in organ simulations for research such as in vitro drug screening is also possible.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A shows the support of the present invention.

Fig. 1B shows the support of the present invention provided with a sheet atop the basal
surface of a substrate.

Fig. 1C shows the support of the present invention having various types of thread or
needle-shaped material.

Fig. 1D shows a drawing of an embodiment wherein the needle-shaped materials are

conical.
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(21) The cell structure described in (20) used in the regeneration orjoints.
ADVANTAGEOUS EFFECT OF THE INVENTION The present
invention provides a support for positioning cell clusters in arbitrary space
and a method for the production of cell structures consisting only of cells
without remaining foreign substances wherein the above-mentioned

FigUPRO’ ésd%?g)é%m%ﬁfﬁ? Qﬂﬂglgf&ﬁ&gﬂqa}%é‘@f&%%{t» rlr%eaqsiWae gaioré?éri al is
space, and the support IS removed after a structure is formed thro g e

anfusion/ btndingrofleclisingth aoppanoihete lilis)knamndhiahdOeall slpsersring cell
(spheroids) fuse together when left alone when in close proximity to one
clySther. Through the use of the support and methods of the present

Filnveption, t ha f the structures formed. by spheroid fusion can.b

1%Lntrol%ené1 , %%}?18&? c%\éjfgfgs Can be. Bsfgc\gaﬁrﬁ:ltrhg%%g?}g&e Bodifidhidgs! onto the

thieehitsanpdbreptdiaRNsieNalisRRGS- neHbey according ta e pesenit clusters are
invention, a void (tunnel) can be provided inside the cell structure (at the

aliggaghterior walls of the structure formed from cell clusters) without placing

.the cell cluster, and culture solution can be supplied at said tunnel. As a
i AT LB a1 S EE o BE R AR DR AL €aresent
inStRgeidres can be used, for example, in medical cell transplantation
pursuant to the objective of organ regeneration. Further, use in organ
FigirBlasierBaprrnesbardhsachtas immitisedrugeppleeninglisaisopassibie-shaped
20 BRIEF DESCRIPTION OF THE DRAWINGS -Fig. IA shows the
mastﬁBB rt of the present invention. Fig. 113 shows the support of the

Fipresenhinyenfiampiauidadwith a.shegi fionihe Q@t?rﬁlﬂ’?eur a%pﬁoﬁf 8 the present

substrate. 25Fig. IC shows the support of the present invent aving
inveriousat/pesotthfiead the seledle-shaped material. Fig. ID shows a
Flgg%gg e? ];)ggp%rcgibv%d\iirig%ng\flv Qggiirgtg:iecgﬁegllgtggaa?tgg ‘g]x? tsetga?algrtagef the present
invention.
Fig. 3A is an example of the step wherein produced cell clusters are recovered according
to the method of the present invention.
Fig. 3B is a drawing showing an example of a cell cluster produced according to the
method of the present invention.
Fig. 4A is a drawing showing an example of a cell structure constituted by two types of
cell cluster.
Fig. 4B is a drawing showing another example of a cell structure composed of two types
of cell cluster.
Fig. 4C is a drawing showing a different example of a cell structure composed of two
types of cell cluster.
Fig. 4D is a drawing showing a different example of a cell structure having a space
within the cell clusters.

Fig. 5 is a drawing of a microscope photograph of fused cell clusters.

Fig. 6 is a drawing showing the chronological flow until obtainment of cell clusters in
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Fig. 1 F., is a drawing showing an example wherein one end of a
thread-shaped material is anchored (for example, using a stopper or the
like) and the other end is puncturing cell clusters. Fig. | Fis a drawing
showing an example wherein cell clusters are threaded onto the
5thread-shaped materials, the thread is anchored in a tense state, and cell

onelestesaiaiendligprid: kb Ashewssa siaming elcallClsiersHsnperoids)

applied to the support of the present invention.  Fig. 2B is a diagram
FighoWindaa 7bbetaimaysadstoolppil) dellioclusteds tbmmveddlimdtrapethicroscope in
10material. Fig. 2C shows a drawing of' penetrated cell clusters atop the
ac

BFE YR 5 RESAR AV as observed from the side. Fig. 2D is a
FiRSSIPECHEMEW A REBUAIEHLCRI SHSIRISAIPPANS Sidpgert of the

present invention. 15Fig. 3A is an example of die step wherein produced
Figellcludterdaareffecib earadrapencdingd b ihamethodhoithe lpréseadles.
_invention. Fig. 3B is a drawing showing an example of a cell cluster

Fig, 8Buisct Hadsminetsingd ha clisnde e flose pnishbiabmment ¢fig cgld sgructure
usﬂ}gzr%w]r‘]lges@gwg@lga&gc égml ec_)f a cell structure constituted by two types
of20c

ell cluster. Fig. 4B Is a drawing showing another example of a cell

Figtactisrencompprest afdmiatyResobcaleqlusiar: miesrdicns a drawing
showing a different example of a cell structure composed of two types of
cell cluster.

DESCRIPTION OF SYMBOLS

10: Support, 11: Substrate, 12: Thread-shaped or needle-shaped material, 13: Sheet

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention are explained hereinbelo’w. Embodiments
described below are provided only for illustrative purposes and the present invention is
not intended to be limited thereto. The present invention can be practiced in various
forms without departing from the spirit of the present invention.

All publications, for example prior art documents, laid-open publications,
patents and other patent documents cited in this specification are incorporated herein by
reference in their entirety. This patent specification includes the entirety of the
specification of Japanese patent application No. 2007-094313 (date of filing: March 30,

2007), which forms the basis for the priority claim of this application.
The present invention is explained in detail hereinbelow.
1. Support

One embodiment of the support of the present invention is shown in Fig. 1A and

Fig. 1B. In Fig. 1A, the main body of support 10 is provided with substrate 11 and thread
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25Fig. 4D is a drawing showing a different example of a cell structure
having a space within the cell clusters. Fig. 5 is a drawing of a microscope
_ photograph of fused cell clusters. Fig. 6 is a drawing showing the
chronological flow until obtainment of cell clusters in one embodiment in
order to obtain a cell structure of the present invention. Figs. 7A to 7E are

or deawingspécalkibsion antebegity 8d Hndes A DI rAPEOpR IdREGRIGaRER rate 11

with the present invention. Fig. 8 is a cross-section for observing the

haimterior abdres!|sbapstand. thrigl anaedﬂawmgadf welktiustersipenebeaitaid bl Fig.
sutures with attached needles 9B |s am showing

LAk 8Rol B IGW ﬁ HB’E&‘nPHF??} 8?‘81%% ﬁJnPet &ify %??&hfée&ﬂ {fyshaped

mARatachsdngrdlen, %ﬂ%&gﬂ%%{é Elﬁa?fcﬁrgé’c*o%”&‘?ft%e&géh%urface of the
present invention. 10 DESCRIPTION OF SYMBOLS 10: Support, 11:
sulBuhbstrafee Tatildtyeaidsshsgpad ot reddikrehbgegedatenabd S shBipedt material 12
may be composed of separate parts and fixed or made from a single piece of a material
such as thermoplastic resin. Further, the quantity of thread-shaped or needle-shaped
materials on the support is one or more, and a desired number of thread-shaped or
needle-shaped materials of arbitrary quantity may be used. As used herein, the phrase “in
an almost perpendicular direction” means that the longitudinal angle of the thread-shaped
material or needle-shaped material is at an arbitrary angle of approximately 90° in
relation to the basal surface of substrate 11, preferably 90°. In another embodiment,
substrate 11 is further provided with a sheet 13 that covers the surface of the side of
substrate 11 on which thread-shaped or needle-shaped materials exist (Fig. 1B). The
surface area of sheet 13 may be smaller than, identical to, or larger than the surface area
of the basal surface of substrate 11, but will preferably cover the region at which thread

or needle-shaped materials exist.

In still another embodiment of the present invention, thread or needle-shaped
materials can be positioned in the non-perpendicular direction (e.g., a direction having an
angle from the perpendicular direction) as opposed to the perpendicular direction. The
angle of the thread or needle-shaped materials in the “non-perpendicular direction” can
be selected as appropriate from the range of 1° to 89°, for example, 10°, 20°, 30°, 40°,
50°, 60°, 70°, and 80° in relation to the body of support 10. Further, the thread or
needle-shaped materials in “the non-perpendicular direction” may extend from the
support straight in a given direction or extend in a curve such as a part of the arc of a
circle or an ellipse (Fig. 1C). It is not necessary for the thread or needle-shaped materials

that exist on the support to have a uniform shape; various shapes of thread or
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BEST MODE FOR CARRYING OUT THE INVENTION Embodiments of

the present invention are explained hereinbelow. Embodiments 15

described below are provided only for illustrative purposes and the

present invention is not intended to be limited thereto. The present

invention can be practiced in various forms without departing from the
neSRIEiLAA B MFRSANE IVERtQBed in cANRHRMGATPNS. fof eXaPIR RII Bfude but

documents, laid-open publications, patents and other patent documents
argitetlimitig opagificasidmanecinconpbrastdiefdinday 20 meddtenbapinl thgierials in

entiret |S patent spec'zr%gtio includes the entirety of the specification

.I1h ( :
‘%Pﬁ%ﬁﬂ@ patEt P ARCAIETRNG! DeRseUE4BES LEE P Mg viakeRdele in
th@OQZaL _;B%‘Hdieﬁ'ﬂ? tﬁﬁ&ﬁ%ﬁ, f(?sru%ﬁg'pm}_{tdgf@] Cc)lf t@b?n%?@aﬂ?&]i'ogf Ttlill?ead or

present invention is explained in detail icreinbelow. 1. Support One
needibebliprentiofdtiel suppdrt gidipepirsént divention isshdveadndrimddiidnthaped

Fig, 1B, In Fig. 1A, the main body of support 10 is provided with substrate
MAETh RAYEER dPTS B SRAPEN tnitetiBPIOITAE #atirhary stmripisothat are a

i Vi ith t aving an arbitrary shape, and, thread or

e e S YRR R TR B thread

oratehndisheniomarexarmplenyhemisdhe dly eadher neeglepsharedmatesiadn and
is positioned in almost the perpendicular direction of the basal surface of

thppd ospprdterbarehbanigrials dRsistraeeuha¢enisaanshidpednertion of an arc.

needle-shaped material 12 may.be composed of separate parts and fixed
Focgrer)ﬁ% @?ﬁo&naat%gienag eoﬁ%%%(r%fél%ﬁg eWat?ﬁ%hl%g t%er?]r%((})?ﬂ%%tig‘ raé.gﬁﬁfged atop a

cifcwtherdhe auantity ehdhteadcshanada.es pessiershaped matgriabsenitberch, a

support is one or more, and a desired number of thread-shaped or
bovdestiiepeth aqsldsinetierialsof.afbitrergnyplantity ceaytheteded ubbeasetl a thread or

herein, the phrase. "in 10 an almost perpendjcular direction” means that
e AR o o S v i S FRGH ARSAPUP MR R spapaamid shape
callBteriRhis AliRp-AMIEay anole:oh apReaxisnately200 i alatien dL A materials.
basal surface of substrate 11, preferably 90. In another embodiment,
Cdulsstrettesiwgfunther proisieds with e doestd dihatiog ersitissuidace afultiple
the side of uscli‘stra e 11 on which thread-shaped or needle-shaped
th{ﬁ%ﬁéﬁé}geg%' ﬂﬁfﬁg DA S4B S rface area of sheet 13 may be smaller
than, identical to, or larger than the surface area of the basal surface of
substrate 11, but will preferably cover the region at which thread or
needldtshapderahBtdnialthexigtor needle-shaped material 12 and sheet 13 all be made

of non-cell-adherent material. Although it is preferable that the substrate also be
non-cell-adherent, when a sheet 13 is used, cell clusters do not make direct contact with
substrate 11, so the material thereof is not relevant. The term "non-cell-adherent” means a
property that prevents cells from adhering to wall surfaces through the extracellular
adhesion factor. Substances coated with material that imparts cell non-adhesive
properties (i.e. fluorine) have the above-mentioned property. In a preferable embodiment,
thread or needle-shaped material 12 is made of either polypropylene, nylon, or stainless
steel. In another preferable embodiment, sheet 13 is treated with either fluorine or
polyhydroxyethylmethacrylate polymer (poly-HEMA treated). For the thread or

needle-shaped material 12 and sheet 13 of the present invention, engineering plastics

9
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In still another embodiment of the present invention, thread or

needle-shaped 90 materials can be positioned in the non-perpendicular

direction (e.g., a direction having an angle fro.m the perpendicular

direction’) as opposed to the perpendicular direction. The angle of the

thread or needle-shaped materials in the "non-perpendicular direction”
su%%??&%ﬁ%%i@&%p{%@%ﬁﬁﬁ?@bﬁ?ﬁ{ﬂﬂ@&Oiril 10:8Re T0RR¥AMAIS 1 Wnoride

20, 30", 40, 50', 60", 70", and 80" in relation to the body of support 10.
pl&erther ABS thesad plat25 nepdieshaped dnatsiial pliaethgolycarbonate plate, PP

non-perpendicular direction” may extend from the support straight in a

(PRSI ERGon OF Bxt@ty IR Swadisng aERek tH arPeb4ibifereyr POM
o@&lese (o GLI i naLnesesaery for e dead of fssdle shaee huonomer

materials that exist on the support to have a uniform shape; various
cashapagloh joEag aty kegdissh@oesroaletialsicanibeepestinepeabinaios that
(Fig. IC). These aspects include but are not limited to supports that are a

lowgrrhitatisH afbsrener siendsdiscdnapierislamgane inimidcddppdasicdiihough use
irection. and thread or needle-shaped materials having a fixed angle in .
o e s A R SRR Fo Py i
bigieedldsharermalgdalsitheraiRspdicdandirestinn and diead Qmpletely
needle-shaped materials having a locus corresponding to a portion of an
diggedvemersuppeits ahdtearabat dormbitiatidarefatirethd eboeetienthapbthaterials are
r((I?at%rliaF, El tt}ﬁ %%?ndicularldirection or thread or needle-shaped
Prendtenials R s§% i Sd%ﬁ%f@ in the non-perpendicular direction and
thread or needle-shaped materials having a locus that corresponds to a
portion of an arc. 10 For example, if a thread or needle-shaped material is
a curvébklithesad arraredédshtppdinsatelaatol foane el eleipedndavetlatdistgrsncturing
Ceﬁure penetrated and fused alon?i]ége arch, a bowl-shaped cell structure,

a2 R4, B EbAsHUERUAY PERNEICS IireddPHubae s hread or
nelleiabisiasi@iandinAAapical ShaRke RRUOWIRIAARE: LLPYIAMIL is such that
shape can be formed, depending on the arrangement of the thread or
capieadié-shape hmateriads bg all streiuse adthecgmplexsh@patb can bake mutual
formed hy usingja combination of multiple thread or needle-shaped

copfatb i rdetise With ithsrerilabstern FEb e Brh db dldusad gagneedle-shaped
' : o) -aghe rial.
B L PR AR L Oy SR T TIRGTE althoueh the
spuebearsheehdididuabelcadlociustais-simpat makeidiseahgoniachwihding to the
substrate 11, so the material thereof is not relevant. The term

siz8h{BeIrAbHgRisTE hieaPRra ity areh gt eveidsneerd fiosisi e mtigutsted as
apgr%&gggvtve;&eﬁmw H%»%.8%%5%%%'!P'ﬁ&&&ﬂﬁ%&&%&- &g@s%“&%ﬁe diameter of

oat material that imparts cell non-adhesive proper (i.e.
a Wpeinejkchayve the aboyeyrogniisRednPREY. Hnd fHeferble-ambedinedtihread
25 thread or needle-shaped material 12 is made of either polypropylene,

ori\arsHe shanedeisriglsels picagretier preferable embodiment, sheet 13 is

treated.with either fluorine or polyhydroxyethylmethacrylate polymer
(ool TERIEE] T e A o NSEE S RER e SRS hd 2 may be
ofSHESIIB-0f NARresephiNYE BRI RRINERIAG RIGSHSRSHED &% L8RS fusion is

(registered trademark), poly-IIEMA, an acrylic plate, a vinyl chloride plate,
noApRBSirgsiRupthes, m polyestbpdiased residl pidtepgblyatenibbhate platec-shaped

PP (polypropylene), ABS (acrylonitrile butadiene styrene), PE .
LT PO oS ETE U T e e elsethéFie. 1D)
st kefane) MCN(monomercasting, nyion, N6 nvlom SEN\(EE ARG or

are also acceptable. Other materials that lowered the cell adherence can
nebélusbahati ateriaisl areangtdimitedatotheperphitiough dsecabbioakbisobhableurface

material for the above-mentioned support can also be considered, if

bioabsorbable material is used, degragation products and residue that did

not completely dissolve may remain and exhibit toxicity. Therefore, the

above-mentioned materials are preferable to bioabsorbable material.

The thread or needle-shaped material 12 are rod-shaped materials for

puncturing cell clusters so they are in a so-called skewered form. The

position of each thread or needle-shaped material is determined so that
the enace hatween call chiictare ie er1ich that 15 aarh call cliictar
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90 approximately 100% to 110% of the cell cluster diameter. For example,
if the diameter of a cell cluster is 1 mm, an approximate 1 mm to 1.1 mm
space between individual thread or needle shaped materials is preferable.
The diameter of a cross-section of a thread or needle-shaped material 12
may be of an arbitrary value so long as cell clusters are not destroyed and
of Gaberrter fugien da B elRreveNtRMn Fitheidniang.amikedimanheedie-shaped
needle-shaped material 12 is a cone-shaped material with the base of the
matend dnthletingthe kasbddortatdlogsUbdtraxevbiciFigeditahHhdeniBias]2 is

holes or is.a mesh so that it can be penetrated by the thread or .
CONgRRIRL b@é%%f‘?&féﬂaq 4 H&é&%ﬁyaﬁ‘?‘&ﬁﬁéi?géfpé?ﬁc%% vt iehaped
maflf RSl SUIisE SRS RteHh 370L680,PS MOYRAAAM SHBFURIE dhporary
and thread or needle-shaped material 12. The certain embodiment (Fig.
imiip il ixiticn neadeihapedopadenanl@rieconicsthia preédrapie thecauskeitdesired
allows easy removal of the sheet from said needle-shaped material. The

shaggo pBrtEtRE SREed PRl rieRNS T RE RN gl it fernpaTaRPsd while the
| ilizati til calls f i d i Il st ;
e e A LR AR A o ST e

suggerperforpediwhilethe celosdustur & ismainiainacenthe support of the
present invention. In such instances, the support may be either drawn or
not drawn from the cell structure. 10Further, in another embodiment,

threa%sgﬁgregnrgﬂ?(tﬁ]r‘ie%l ]ﬁlzbgncﬁ é&%ﬁ’é s g?rg%l)gﬁa g%ee%te%gl d?gstr%%?g g,’ for example

Preferably, & suture with an a nee a use

a {eadoshapadkenateialabior £xamplewiiongs enddla thiand imanshated as this

to a substrate, and the other end is a sharp form (such as a needle), it can
thipadmbaefecdanigeriol. &' thresamphapé @ matedaliic paredratetachbetied|istersubstrate,

ol s AR, s b reaelne e ez 1

thiekgdetsssanedpiur ality-at calk clustersare: penet atetyhe e pd Y008 also
end anchored atop a first substrate in order to form a "shish kebab" state,

betteeadddod the tinr ébiass edd tbopesth ettt ehih éhoells watebheaanehdrddzatdp(big. 1F).
econd substrate. Further, the thread that penetrates the cell clusters can
Alfg 8@&#?6?@%?&@%&%@%%%%@ TS lF 56 Bt RSt h one end
anSHBRIIatR RdiHhe SrGaRd Auhatate Rt anchaiedsadhatneigbhaing §Rlkhread
clusters make contact with each other when the thread is threaded back
usahtofprthesave thb tinlés dathve endivedit sttspsikaiemd ndlikteage donther, the thread
substrate. 2. Cell clusters 25Cells are divided into two main etas si

theanepiraisatit celis it EntiblRigeldepentehiEasd ThestBritfe heiiddistance
beR%@H ngefﬂ‘gcgmg{éeaﬁg%%@eggﬂﬁ 'substrate and anchored so that neighboring cell

clusters make contact with each other when the thread is threaded back and forth several

fimes between the first substrate and the second substrate.

2. Cell clusters

Cells are divided into two main classifications: floating cells and
anchorage-dependent cells. The former include hemocyte and immune system cells,
while the latter include skin and bone cells. Skin and bone cells will die if floating in

culture solution, and must be adhered to a petri dish (such as glass) in order to facilitate

11
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while the latter include skin and bone cells. Skin and bone cells will die if

floating in culture solution, and must be adhered to a petri dish (such as

glass) in order to facilitate propagation. Accordingly, when cells are

cultured on the Teflon (registered trademark)-treated plate, cells seek a

scaliblding and adhere to each other, thereby forming cell aggregates, in
propaeswardsasRpaeite. Rukthermare, whencaphripidsnadingre tefRACh (registered

other and fuse, larger spheroids are formed. For example, when cells are
trajieudell) Sraated pbrtecealblidesknt platéleldihguitndeaitbre dellsaghl other, thereby

spontangously aggregate, thereby forming spherqids. Culture tim :
fo ik Gt T SARE OB 1B o ?F%Bt?f%,p Pl 23 R g adhere

to CRhAusietRIoduction mefipdsiaeRotiniedia e ABRVE AL MUILAR seeded

of methods are known; including the gyratory culture method, wherein a
once hauspinsioeréatipecteadintdtargyratingeislutib spanmethosl winereigate, thereby
cell suspension is inserted into a 10 test tube and precipitated in a

forBHyifRRSTeiY fHdtlgiHate SEHHSHHIPRAC T Wheferrt Gugt preferably
243%5]% B?lﬁ'é‘. '@e‘ﬁdcfuét'é}sp‘%@&?c{”&% ARk 5‘%%’%‘? RN HRAREN multitude

multiwell when processing and recovering a large quantity of cell clusters

ofimeffisiznirand prafarmilainkbinergeenteaiture pasisod piiidhah cedetbsogfension

_adhesion triggers the expression of collagen, etc. during differentiation

is finsieTtaT i BRI I SRS raaripshehani (v el hswiPeEnsioisBRseHedinto a

100080 80(P)s 342 _i%'%d-rihez{eggrrl%ﬁllsﬁb gligved & g}ntag %%Qc? S{Ill%rljh%fdpe[ll?et?nethod
oné andthel aS'8pheroids catises Cells to move during the stationary

wRhese #fdhie selbeyélisanguRIoeimFRAUCHRN (0 WBELASSIREEOHINGI-Wiherent

order to induce the 20 stationary phase during which protein production
mipgregbadin pedesstiig praferabletoforritr quaticrerhviele dlshgpeiafidicient and
cells have already formed spheroids. The act of differentiating cells after
pr] 8@@ g the stationary phase is called "cells separated from growth cycle;
move towards cell differentiation”. 25Cells suitable for spheroids are
undifferentiated cells such as stem cells (ES cells, umbilical cord
blood-tereeetit geliss. upptifferemixtéth vedetoetsfheahstem tedigsrethy oxpression of

ifferentiated cells thereof'. Singce easy differential derivation of gsteoblast
Cog‘é‘lﬁflcﬁ?%l&&j@%ﬁé‘?%{ﬁatﬁaﬁib BB RSB R SSLHER GAUR( Yoo

yREMEElIBIB ARG B tNERS): 342-59). Therefore, it is believed that the adhesion of
cells to one another as spheroids causes cells to move during the stationary phase of the
cell cycle and protein production to increase. Accordingly, in order to induce the
stationary phase during which protein production increases in cells, it is preferable to
form the predetermined shape after cells have already formed spheroids. The act of
differentiating cells after inducing’ the stationary phase is called “cells separated from

growth cycle; move towards cell differentiation”.

Cells suitable for spheroids are undifferentiated cells such as stem cells (ES cells,
umbilical cord blood-derived cells, undifferentiated mesenchymal stem cells, etc.) or
differentiated cells thereof. Since easy differential derivation of osteoblast cells, cartilage

cells, and adipose cells from undifferentiated mesenchymal stem cells is possible, these

12



10

15

20

25

differently derived cells (joint cartilage cells, bone cells, etc.) can also be
used. Further, adult mesenchymal cells can also be used. Accordingly,
when considering cases in which cell structures produced with the present
invention are used for production of tissue fragments which have a
three-dimensional shape, examples of three-dimensionally 5 constructed

difiseias: which 2@ {osssed ARIRL IR P SYSIRMEHSSUES JRGIWEQUIRIN  Further,

cartilage and bones, adipose tissue such as breasts, ligaments, tendons,
ad tdietiesauclgles] aeids nasedsdiseusedotintitd thgbymesadeomadaysperases in which
tissues; almost all adhesive cells such as liver cells, pancreas cells, blood

celjexuuteets Peth Grerve e lRCcaFF B SR THORIEP, YpterSiieidaatiop: ple tissue
fra%}%g f&%ﬁr@%&g@g e g@i%%eqaﬁn%'&%%éypseﬁ%ege&%%#@@yo?etﬁrg%)éierﬁ%gsionany

om multiple types of cell as long as a sp dis formed. Thist

copfinnaed sphesaiddachberusdiscthanuiactuderiiel celksiruaivsassofitiide joint
present invention. Mesenchymal stem cells can be harvested from

cagiaasoednbans i RUSisEHnimETs {ekperinelisresiinalsnsions. dsathicauricles,
an,r r%)sltess’. rl‘;jlg%’ iJ u{{g‘? il %) %%{S@%xelqactiast?fétejﬁ? ﬁgéj}gas?rvézgéggthﬁggﬁgesive cells

using a known techniques su xter's metho netic

sufRethRdeed CohREHNgIMEhRAIRUERS beME FRAGRWRASIE M LIS &N B ther,
harvested from skin, subcutaneous fat, muscle tissue, or the like. 3. Cell

spltueids pessitiontirg dvethod Zomceoreliser totthelpresealeinyeatidn;adblbut may be

clusters can be positioned in an arbitrary pasitian space atop.the support .
o LB 51 R U OIS OF hesb R RE M O A g, Ggmera
spRESHPELATHNEBIGSSRAYRMIRIGOBRANSRR e e R Present inveRion,

forming cell clusters; b) puncturing the formed cell clusters with

the thread or needle-shaped materials 250f the supports; and
Mesenchymal stem cells can be harvested from the bone marrow of subject
animals (experimental animals such as mice, rabbits, rats, guinea pigs, dogs, pigs, goats,
and cows) or humans using a known techniques such as Dexter’s method, a magnetic
bead method, or a cell-sorting method. Further, mesenchymal stem cells can be harvested

from skin, subcutaneous fat, muscle tissue, or the like.

3. Cell cluster positioning method

According to the present invention, cell clusters can be positioned in an arbitrary
position space atop the support through the use of the supports of the present invention.
Accordingly, the method of the present invention comprises the steps of?:

a) forming cell clusters;

b) puncturing the formed cell clusters with the thread or needle-shaped materials
of the supports; and

¢) causing the penetrated cell clusters to contact each other.
In the first cell cluster forming step, for example, cell clusters are formed by inserting a

cell suspension into a gyrating solution. Next, the cell clusters formed through the first

13
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c) causing the penetrated cell clusters to contact each other. In the first

cell cluster forming step, for example, cell clusters are formed by inserting

a cell suspension into a gyrating solution. Next, the cell clusters formed

through the first step (in other words, the spheroids) are penetrated by a

thread or needle-shaped material atop the support. This step can be
steprastinaek lortey, exampleopRRINEGERSRACIAAPIRRHE 6PRtRMNINhHR Calhterial

clusters at the end of the needle-shaped materials and applying pressure

atctp fivesopipusitthentiaf eie pipereictélivbjoexyeimcthoipsingiistend (Fig pipette
2A).5T lled cell clusters will he impal th dle- .

R B R L e oo

praBRDes %9%98&%1&1@[‘ @f%&%%?ﬁ&t@,%ﬁ&%l%yeQﬁaﬁ%ﬁl&%lw%ﬁ;%% gmallon).

robot arm with the cell clusters thereon that punctures the cell clusters by
Thoweritigdtheire bistershei hdediepshaipedtnatecidlls (Fige @ BatEuathendanchored in
thread-shaped material (preferably, a thread with needle) can be used to

2 IR IE RO B USETENUR % HE BRNRRSRROGH S BISifiARAthe achieved

tmﬁar%ﬁ%? ROLINENkE HBExst Wik MEDaA QRS AIRTESN icﬂé(?ﬁ)&ﬁl&%dr%? Be cell

ted to these steps. Cell clusters are penetrated so that multiple cell
cleiugiets makeraontaehonoatsingle threhe drape¢dirashaped Mately. (Fuather, a
so-called shish kabob) (Fig. 2C). Through contact with each other the cell
thigrektbapednRigash @e dréegen werpssdieurindhessiesh @opierce the cell
XTI frestionll A8 Furihl,sincecaih (veadkshangd matHal ler. e
needle-shaped material is posmoneo} at intervals such that the penetratede

m&alilCbisierseasnnaketiachutthniheeighberinepeet siusignsr£alk penetrated
clusters can also make contact and fuse in the horizontal direction

5O (atanel e cubnchieteprkairestish torakaeiplbrsadirscirsdlartiaped material
. directio ccordi , thro thi ceIqusio , three-dimensjonal
Grgg S SR e (R A R st e aheh P el chusters

caRresentinyentie:driar2Bdnd (SembatidaitredmaACIINEKMEINOd, direction)).

The present invention provides a method for using the supports of the
Fustlesentinventb rthoeadashafeestursicaitlstrucrerdls-Sthapathanatfastline ppeigipned at

._structures is achieved 25 by recavery of the cell clusters that made i
GOV AR SERSI A FTCE e e o Pt MU R bueipe o<l
clefitheseicellsiusters iﬁ&ﬁﬁi@l}(@@&ﬂ%‘t’ ahdhesstep At g dng fuses eplirallel
clusters from the supports (Fig. 3.A). The draw of cell clusters from the
disgpportsindgpiie dohigved oy diectileimndolsilizimgand cellrehisters wWitbordingly,
thrtg\{% Ztehriss %Ql? fusion, three-dimensional structures composed of cells are constructed

on the support of the present invention (Fig. 2D).

4. Cell structure manufacturing method

The present invention provides a method for using the supports of the present
invention to manufacture cell structures. The manufacture of cell structures is achieved
by recovery of the cell clusters that made contact with each other and fused in the steps
described above. Recovery of these cell clusters is achieved through the step of drawing
the fused cell clusters from the supports (Fig. 3A). The draw of cell clusters from the

supports may be achieved by directly immobilizing the cell clusters with tweezers and
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drawing the thread or needle-shaped material from the fused cell clusters

or, alternatively, may be achieved by the step of removing the sheet from

the supports. It is sufficient if removal of the sheet is performed through

draw of the supports from the immobilized sheet or removal of the sheet

from the immobilized supports. A cell structure of arbitrary shape spatially
drAADaRdas desirecbindipyidedimethe method coniainingithe 368 Ok thesSively,

steps (Fig. 3B). 5. Cell Structure In the present invention, cell structures
mandy behoompbdsedoticpllsfottheysambed Shpgrdronnthy sqntairs.celis efifficient if

plurality. of types. As used herein, the term "cells of the same type" means_
rerRaNaY %am; é%“tﬁbéié?ﬁr%ﬁ%eéf%@ﬁ%}?e% PhabardpRe el arBrihganmobilized

shSAME LSS QF9ADBIG: K&l ﬁt@iﬁﬁ%%%&a@mg@@ 'ﬂpéaﬂxgﬁ;&&fegg@mmmy

u
can be obtained by applying cell clusters formed from each of the different
shapellstypis](i aragibdlusigrsicibimeaditidia eeliha machee b chusian Btformedf these
from cells b) to the supports of the present 15 invention. Here, a cells and
Stepsdéilg: MY be arbitrary cells as long as cells of their clusters are fused
together, a cells and b cells may be, for example, homogenous cells
derived from different types of tissue (or organs), heterogenous cells
5. deniged:frara the same tissue (or organ), or heterogenous cells derived
from different tissues (or organs). In one embodiment, a chimera cell
structlreloniprsing renticiustel Atairducesl wlewstbe Bovappirs 20 pelvidéthatsame
the support of the present inventjon if, where, the cell clusters are arranged .
O R At ST B S e Al G dfpcir s of the

salBISIBE A5 qanewI BT apsdiesshanadmatenals peoelratas aek GUstRim the

B. and the preceding are fused. (Fig. 4A). In a further embodiment, a
saryrictuce imgahicitccleitisistetuscandndeihisigster ipformypeaitefvatingdayersbtained

can be produced by alternagtely applying.hoth cell clusters so that 25 cell
oY IRRIRIR R LGOS PR O e A I BB e oAl cluster A
fox%‘égtﬁroﬁx '§e"ﬁ§| @eﬂléﬂ?ﬁ? inafier @%ﬁ'ﬁ@@ﬁ%ﬁ Eyillrsﬂ”%"tﬁ)é E\ﬁﬁ)%lﬁés(rﬁﬂgﬂ)resent
materials in addition to the above-described first row and second row (Fig.
invBYioRuHker, dtdslklsodpbssibierty drambittirs tydls of telpclustdis thfxthisir clusters

being penetrated by a single needle-shaped material (Fig. 4C). In an ,
7 éﬁ?féé%?élﬁro& tRU b BigvdICoRip Bt Oitameaprs cells derived

fm'z‘»yepﬁ@f@ﬁt%9%%&59ldspopgaﬂggyé@&&géh&ﬁﬁ@ﬂfa@ﬁ%@%%%@En%tﬁssue

the desired ratio and in the desired needle-shaped material position. It is
(osufticient of theteliffgramisyls afecalisi uSedhadeffenddimitadeo twroapghthrer one
or more types of cells are used. 5In yet another example, cell structures

ompadiie Al BiehEpSER SERBHHES FEPIRNTHIBHHIb PentsRisdapsibeluster B can be

pré%%ﬂ@ﬁifé%%é}%ﬁb8{*%1%%39&8&%‘%8{&31‘? 0 I&Yl%pétl L Uﬂl%lﬁefltlarsstg%gtgl[rean ed in
does not cause all cells to make continuous contact when cells ale appheg

a dadhaseppartiedthewpesent ievantion nfioid spacarean balnpided by second
removing the region atop the needle-shaped material where a void space

rovs elesfeticahaprsingderial. 0xieks rekhelvaesnity. thed bt arvdeshinging fused.

fusjan. Alth this void space at the interior, of cell structures can b i
R S L SR A S coser
foe@AReEeEHRf aeolrslustess prdddbaiipleineiRrREgOlsRRiRE hallowaditied <o that

tubular (tunnel) form (Fig. 4D). Since configuring this sort of void space at
celhelysteridr of atdpdttactuteglalivwe tmeatltridnatsorygemletendontiinbdter B is

It lution t 5th h thereby reach th
o T T B b R PR v Gl e he
abbanaArradvaniade Wwhed iLisneressany epraduag.cell i§t5}§%t‘;55%§iwgh@change

larger volume.
the type of cell cluster that is being penetrated by a single needle-shaped material (Fig.
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6. Cell structures for use in medical treatment or experiments 20Cell
structures of the present invention can be used in regenerative medicine
or in experiments. If cell clusters of cartilage cells are used to form a cell
structure, said structure can he used in joint regenerative medicine by
being transplanted into a joint lost as a result ofjoint wear, an accident,

48l ReRitiRRIie iR DAEHRRNIRREL B aMBIRR o SRRAAFE R 1AM SRN&IR I uctures

containing 25 liver cells is being vigorously pursued at the present time.
capbeordinyglilcdiSngreiliokistdrslofiiver ealisctdl fdustael strictuesodakss and in
hitgﬁossi le for. the cell structures that are fonned in regenerative medicine

to

IGSr R EnRE MBRYeP o gy it itk hibsshlirigahtigrss of cells
usBieaROhJrniieek i e, anuGRREIoRSH erpansRM cap he dargeted at all

organs for which regenerative medicine is desired. Furthermore,

spherdidghavinther twaerdimesisicnad isirscharéngra koddvipiee betteeir interior in
reflecting the in vivo behavior of many types of cells in comparison with

WSV GEHR D -eh eR R nIfE DIa s aehadsphéisiteirelpsrgien. This
Ceﬁ%{%%g@}g rcf(‘)%tionop eMeeiime @Hgﬁ@ O Sgecrgn?ﬁclksw necrjl ool seg]rig %pplied
Tor i S

rug devefo%ment, etc. is reported. Accordingly, cell structures
tormansifppbiired aecereing: ttbaHieSANINYepiNEabEeHSEEde by removing the
applications for artificial organs, various cell assays, screening, and other
regipe e e nasetshapce xampled Wistereidgebdbetions desirfe dimnging cell
marrow-derived.mesenchymal stem cells btainegg om the pelvis pf a
cILERE Hehe Uit TR oR by A Uifnaral, + BRbE mESeNi e o« the

inf@llsr wetRPRiAiBRER A DEM Klish Thessorslls ware dpaatad Wilh {UPSIBs of the

made into a cell 15 suspension, and sown so that 1.0x105 cells would fit
stineteacrespiepoid g lafe elad sty Sandithm onBake it Cof, dawl bEHerdafted, into a

ulturing was perforr e%ﬂén er 37C and .5% CO2 cogditio s,andcell . .
o P R st o o i iore gt B P e B Rgerr of
cellayrdQ2r &Il SHUBUrRLRECAMCHRDI. etc. contained in the culture solution to pass
through the space and thereby reach the cells at the interior of the cell cluster, cell
structures that have a void space have an advantage when it is necessary to produce cell

structures with a larger volume.

6. Cell structures for use in medical treatment or experiments

Cell structures of the present invention can be used in regenerative medicine or
in experiments. If cell clusters of cartilage cells are used to form a cell structure, said
structure can be used in joint regenerative medicine by being transplanted into a joint lost
as a result of joint wear, an accident, etc.

In addition to the above-mentioned examples, research on spheroids containing
liver cells is being vigorously pursued at the present time. Accordingly, using cell clusters
of liver cells to form cell structures makes it possible for the cell structures that are
formed in regenerative medicine to be used in the liver. However, the structures of the

present invention are not limited to the above-mentioned organs and can be targeted at all
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The stainless steel portion of four Terumo Corporation 330 injection
needles (product name: Nanopath) were horizontally immobilized to
Mitsubishi Manna Corporation a-tricalcium phosphate (product name:
Biopex Itd thereby producing a support. While viewing under a
stereomicroscope, sharp tweezers were used to insert the 25 spheroids
or @8 flr iR Rptadheitip ntinarsiainiesscgieel needles immobilized to the
support. Following insertion, spheroids were cultured under 37C and 5%
COn dovitheiomyeApphosordatdy i daifsdetdimeetienalctirssunthereiknown for

neighboring spheroids. had fysed (bonded) in the vertical direction and iy
eSO G ctho e oBBIvEt (Flg e 3Bl S atme prodliion Wit
coffdihsiaiiesgsiasipartienifastotd T e FetymeckRPAratioma30 on the

injection 5 needles (product name: Nanopath) were immobilized in the
intpergendictitacdiracbonitd MitsulxshyisRinanels Gotporationgaforidalgulevelopment,
phosphate %)roduct name: Bigpex R ) 0.4 mm apart in a 3x3 grid in order

etGhdi P PiEtu AREPE Stpo e AT B per et grthasapdioy, 1o gy present
infRIGOR dlierdRERduat Haame: cel sUltirednsed: %x%@x@ﬂ%&%@%@mnmg,

size 8.0 Km product number 353093) is puncttred with a needle a
anpositiongstabflrepdinasal portion of the needle. While viewing under a
stereomicroscope, sharp tweezers are used to insert spheroids produced
as in the description in the paragraph "1. Steroid production” above
E)@ﬁg{gsximately 50) one by one onto the needle of the support (Fig. 6, a).
ollowing insertion, culturing was performed under 37C,5% CO,

1. sesdidgisdasithgell structures comprising neighboring spheroids fused
(bonded) to each other in both the 15vertical and horizontal directions

were ddiffipansdreppnaxderatery messadaynlaisrFrylsobinftdraalihe pelvis of a

ructure confirmation, shar eez were.used.to stowly draw from t
ro g e e o R e LA B AN AT were

obRddNepeelh strugtuiriandibe: fusad callStikGide WherebypsacouaiiRgithe a cell
cell structure. (Fig. 6, c) The obtained cell structure is a single, large fused

sushestéei{drnhetern aopfoxirhael) scatln2olHi§! 6nt¢ sacheyplieraidiiplate made by
Susfgllflggllige]}%'i(%ﬂltjg t&jor.], (ﬁzd Thereafter, culturing was performed under 37°C and 5%
CO; conditions, and cell clusters with an average diameter of 0.3 mm were prepared the

following day.

2. Cell structure production (1)

The stainless steel portion of four Terumo Corporation 33G injection needles
(product name: Nanopath) were horizontally immobilized to Mitsubishi Pharma
Corporation o-tricalcium phosphate (product name: Biopex R) thereby producing a
support. While viewing under a stereomicroscope, sharp tweezers were used to insert the
spheroids one at a time onto the tip of the stainless steel needles immobilized to the
support. Following insertion, spheroids were cultured under 37°C and 5% CO,
conditions. Approximately two days later, cell structures wherein neighboring spheroids

had fused (bonded) in the vertical direction and horizontal direction were observed (Fig.
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Qtracker (product name) 655 (red) and 565 (green) which are part of the
viable cell labeling kit series made by Invitrogen Corporation were
separately introduced into 95the parenchyma cells, thereby preparing
spheroids that emit red or green, respectively, when observed under a
fluorescent microscope. While viewing under a stereotnicroscope, sharp
5)weezers were used to insert the spheroids one at a time, alternating red
and green, onto the tip of the aforementioned four needles immobilized to
the support. Following insertion, culturin.g was performed under 37t, 5%
1 (é(gﬁ conditions, and cell structures comprising neighboring spheroids
f

FEHERLeBs A eleh Gther in both the vertical and horizontal directions
were cpplimed . aPRIOAIMARY e %‘éﬁ !)qiﬁ{ng:ﬂrz O%O%%?Q%rn 33G injection

examination under a fluorescence microscope revealed cell structures
nawitledherindendesheoldtatiopulbiovetA, imobiliZdie istalirlgsspeiait plartidineofion to
a total of 25 Thrum() Corporation 33G injection needles (product name:

Mijsifiphith)avere Sramemilioad it erp Sharohre drsish eme Biopex R ) 04

itsubishi Pharma Corpgratipn y-tricaleium phosphate (product name:
1 e P SR o SRER PR AP B iFfce of e
SUPPRROH BIDUELYEh Althepippert sHRCROf hesuRR:; R Malerd filtehthalate)

_(product name: cell culture insert; polyethylene tereplithalate) size 8.0 pm,
Sigp ot cHRURGEEIR0YBY s Pidiure dwoikiehedtiecarmt Positidneditioted at the
b bafalngﬁ)rtio t%f the glee%.lci%liestructur S in the varipus forms _

PEHRI B AT SiSeToW et 5 ohgc e Hsthy) TSI R EigRarR fyeezers are
udetd +d s &9 pheBoO PP RALEINas in MEURBHERRT;Felh SIPACIUIENAS . Steroid

produced, and spheroids that emit the color red were arranged in a cross
prsdapeoticpbors 2@ Figxi@tely 50) one by one onto the needle of the support (Fig. 6,
a). Following insertion, culturing was performed under 37°C, 5% CO, conditions, and
cell structures comprising neighboring spheroids fused (bonded) to each other in both the
vertical and horizontal directions were confirmed approximately three days later (Fig.6,
b). After cell structure confirmation, sharp tweezers were used to slowly draw from the
support both the filter that was placed beforehand between said support and the cell

structure and the fused cell structure, thereby recovering the cell structure. (Fig. 6, ¢) The

obtained cell structure is a single, large fused cluster (diameter, approximately 3 mm)

(Fig. 6, d and e).

4. Cell structure production (3)

Qtracker (product name) 655 (red) and 565 (green) which are part of the viable
cell labeling kit series made by Invitrogen Corporation were separately introduced into
the parenchyma cells, thereby preparing spheroids that emit red or green, respectively,

when observed under a fluorescent microscope.

While viewing under a stereomicroscope, sharp tweezers were used to insert the
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A cube-shaped cell cluster was prepared having vascular cells arranged
at its apex and center so that it resembles a liver tissue (lobulus hepatis)
and having spheroids that emit the color red arranged at the apex of its
four corners and on the center of its 95faces. Fig. 7 D: A cube-shaped cell
structure was produced, and spheroids that emit the color red were

splfieingeddnta eRss hapaiherePind gred@slainess siedkrIsIgNRioned four
Terumo Corporation 336 injection needles (product name: Nanopath)

neqdége ipusitohest dbdlre shepeircllall amangf mwuadeondeaning S/airplefnithed under
0.3 d a 0.7 mm diameters and immobilized to Mjtsubishi Phamia

57 Cormrn SR SRS (HFOMERTRAABS BB ERERy s fuscd

(bR CI%E 2 BUPREFt; Bigaiored. cylindrical Call SiugtiressMibR GaMilYconfirmed
inside were produced. This imitates a blood vessel, in which the interior is

appastolac pndothélivanland thie eXterioy. i srieothxmuseladiignddr) a 1didrescence
.above-described two-color spheroid cell structure having a cross pattern

migeserne Frgalrdertdd itter g it B dreadadisermiinataRty. Phdirozen

structure was sliced, and the cross-sections were observed under a
fluorescence microscope. Since there are no blood vessels inside the cell

structiies siiiniassFeasiegohiaintie eabisado i intetarowostsbeie@f 33G injection
malnutrition, thereby causing the interior of the structure to degrade 15and

negdiesvir 8 e RAIPROWERSID DR sekstiBRTB R lieetibh Ve eareendtr elavigirgadon to

Ml‘%sou@(}}‘éiﬁ‘ﬁ%hataa&?p%r%ﬁo%e'(!Et}’i’c%ﬁ%i%'%’ SHENE: Do SRl TS Biopex R ) 0.4
production &B

mm apart in a 5x5 grid in order thereby producing a support structure. At the upper

surface of the support, a BD Falcon filter (product name: cell culture insert; polyethylene

terephthalate) size 8.0 pm, product number 353093) is punctured with a needle and

positioned at the basal portion of the needle. Cell structures in the various forms

described hereinbelow were produced using this support (Fig. 7B to Fig. 7D).

Fig. 7B Cross pattern

A cube-shaped cell structure was produced, and spheroids that emit the color red

were arranged in a cross shape thereon.

Fig. 7C:

A cube-shaped cell cluster was prepared having vascular cells arranged at its
apex and center so that it resembles a liver tissue (lobulus hepatis) and having spheroids
that emit the color red arranged at the apex of its four corners and on the center of its

faces.

Fig. 7 D:

A cube-shaped cell structure was produced, and spheroids that emit the color red
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A rectangular portion of the mesh on the bottom 'lace of RD Falcon TM
cell 20 strainer (model number 352360) was cut and removed. The cell
strainer was inverted, the end of a suture (Alfresa Phanna Corporation
Nesco Suturemi size: 9-0 nylon) with an attached needle was tied to the
end of the cut mesh under a stereomicroscope and anchored in place.

weWhilRMsn g SRIAMIEasERRM to observe the spheroids produced as
described in the paragraph "1. Spheroid production” above, sharp

tweezers were used and 25 three spheroids were penetrated with the end

(in other words, the tip) of a needle aftached fo a suture thread.(9-0 nylon

and 2l U Sy oG Thet) g TP RHHEP T G 8 el
(praderRasiteNhf.pHE s NJpL thamari tevatich the thigad wass i shiedoncentric

penetrated through three spheroids in the same way, and a total of three
cirtheeads wéré passed thfoughniFipreégrs and 'iinenthbeldckidvas MjssbhediaRbarma
arranged so that the spheraids punctured by the thread could fuse in nat

Cospnaiirnyerticaleirat ddie B sPIREUb Ao al diractioR krifes s, Biodhging 2
supiore TRHOMARGINSRILSR UM 09 MRS REAIMEd MRS 3{C w10 gr%c%d. This

conditions, and it'was observed the following day that neighborin
im#pleroisle fthdhegum tofiigettegeatban{ il andula) cAdpirkionatelyd theeecterior is
days later, cell structures comprising neighboring spheroids fused
smeshdagrrts @agh/Sther in both the vertical and horizontal directions were

confirped (el and egg walferconfirmation of the,cell structure, the thread

oI sSpheroild, ¢ structure a4 CFOSS .pattern
was cut, the thread remaining inside the ceC}I s?ructure was puﬁ1 out W?'nﬁ-:-

thdhelhd Gateieiuia iy aig idl ideneh Wit tkeezeistant theealostitiGtieture was
was recovered (dl and d2). The obtained cell structure was a single large

sliggde dndubte refPig- FCHonS I Dbseryed uplsstt foilperitientiag BereRgsters Since

ndfL Ay space, wherein sad.support s provided with & SUbelrate a0 op e
read or needle-shaped materrals for puncturing cell 5clusters.

interior would die of malnutrition, thereby causing the interior of the structure to degrade

and a cavity to form. However, observation of a section revealed no cavity and confirmed

that almost all cells were alive (Fig. 8).

5. Cell structure production (4)

A rectangular portion of the mesh on the bottom face of BD Falcon TM cell
strainer (model number 352360) was cut and removed. The cell strainer was inverted, the
end of a suture (Alfresa Pharma Corporation Nesco Suture™ size: 9-0 nylon) with an
attached needle was tied to the end of the cut mesh under a stereomicroscope and
anchored in place. While using a stereomicroscope to observe the spheroids produced as
described in the paragraph "1. Spheroid production" above, sharp tweezers were used and
three spheroids were penetrated with the end (in other words, the tip) of a needle attached
to a suture thread (9-0 nylon) and arrange the spheroids so they could fuse together. The
thread was tied opposite the cut end of the mesh to which the thread was first tied,

penetrated through three spheroids in the same way, and a total of three threads were
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2.The support of claim 1, wherein the thread or needle-shaped materials
are positioned on the substrate in an almost perpendicular direction.
103.The support of claim 1 or 2 u her provided with a sheet covering the
substrate. 4.The support of claims 1 or 2, wherein the thread or
needle-shaped materials are non-cell-adherent. 155.The support of claim

pags&’& grrw%?r%}- ,Uy;xt)hread or needle-shaped materials are positioned with
a gap such that they can contact the neighboring cell clusters when cell

clustehardpudoiureddGsidie suppatngbdlaimhwhieseiphdieigheriigured by the
non-cell-adherent. 20 7. The support of claim 3, wherein the sheet is

thisadhigulel s Mokt opl¥ theskésahdirrcsian betpesethstbarispm diregiion (Fig.
o R T 5 SRR T e cos
cofil@ifarsobdd whereisbtoe seaiersinaped matenial isigaBiralo2gheroids had begun
to fuse together (bl and b2). Approximately three days later, cell structures comprising
neighboring spheroids fused (bonded) to each other in both the vertical and horizontal
directions were confirmed (¢! and ¢2). After confirmation of the cell structure, the thread
was cut, the thread remaining inside the cell structure was pulled out while the cell

structure was held down with tweezers, and the cell structure was recovered (d1 and d2).

The obtained cell structure was a single large fused cluster (Fig. 9C).

21



10

15

20

25

10.The support of claim 1 or 2, wherein the thread or needle-shaped
materials are made of polypropylene, nylon, or stainless steel. 11.The

support of claim 3, wherein the sheet is treated with either fluorine or MCSLLP

5polyhydroxyethylmethaerylate. 12.A method for positioning cell clusters
in arbitrary spaces, said method compri sing: a) the step of forming cell
clusters; 10b) the step of penetrating thgformed cell clusters with the
thread or needle-shaped materials of the support described in claim 1;
and c) causing the penetrated cell clusters to contact each other. 13.A

method for the production of cell structures, said method comprising: 15a) |
I the stépBPRSFhiRigesiiienisectsl! clypifis Gepbdrpambaering s forpbaupport is

préé%%%‘i%lﬁﬁsé”&%%@ R0 RragesieRhared AL AR ALNSRUBRR e cell

clusters.

2. The support of claim 1, wherein the thread or needle-shaped materials are

positioned on the substrate in an almost perpendicular direction.
3. The support of claim 1 or 2, further provided with a sheet covering the substrate.

4. The support of claims 1 or 2, wherein the thread or needle-shaped materials are

non-cell-adherent.

5. The support of claim 1 or 2, wherein the thread or needle-shaped materials are
positioned with a gap such that they can contact the neighboring cell clusters when cell
clusters are punctured.

6. The support of claim 3, wherein the sheet is non-cell-adherent.

7. The support of claim 3, wherein the sheet is provided with holes or is mesh so

that it can be penetrated by the thread or needle-shaped structures immobilized to the

substrate.
8. The support of claim 1 or 2, wherein the cell clusters are spheroids.
9. The support of claim 1 or 2, wherein the needle-shaped material is conical.
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c) the step of causing the penetrated cell clusters to contact each other;

and d) the step of recovering the cell clusters that contacted each other. ysrq| | p
20 14.The method of claim 12 or 13, wherein the cell clusters are

penetrated by the thread or needle-shaped materials so that they

continuously make contact with each other in the longitudinal direction.

102515 Aip @ftRimnt 3, WHErRiRctag reeoUeEY PECABIARIH %) materials are

clusters is attained by the step of drawing the support from fused cell
mafiesié mlybéopyhaethod af amstandess stains 12 to 15, wherein the cell

cluster is a spheroid. 17. A cell structure produced according to the

method of any one of claims 12 to 15. 18. A cell structure of claim 17,

jwhereig th %u%%%ﬁt%ifc%ﬁﬂsf ORFHIUIEC Y SAMePYRES PTER!Ssither fluorine or
polyhydroxyethylmethacrylate.

12. A method for positioning cell clusters in arbitrary spaces, said method
comprising:

a) the step of forming cell clusters;

b) the step of penetrating the formed cell clusters with the thread or needle-shaped
materials of the support described in claim 1; and

¢) causing the penetrated cell clusters to contact each other.

13. A method for the production of cell structures, said method comprising:

a) the step of forming cell clusters;

b) the step of penetrating the formed cell clusters with the thread or needle-shaped
materials of the support of claim 1;

c) the step of causing the penetrated cell clusters to contact each other; and

d) the step of recovering the cell clusters that contacted each other.

14. The method of claim 12 or 13, wherein the cell clusters are penetrated by the
thread or needle-shaped materials so that they continuously make contact with each other

in the longitudinal direction.

15. A method of claim 13, wherein the recovery of contacted cell clusters is attained

by the step of drawing the support from fused cell clusters.

16. A method of any one of claims 12 to 15, wherein the cell cluster is a spheroid.
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19. A cell structure of claim 17, wherein the cell structure is constituted by

multiple types of cells. 1020.A cell structure of any one of claims 17 to 19

that is used medically or experimentally. 21 .A cell structure of claim 20 ~ MCSLLP
used in the regeneration of joints.

17. A cell structure produced according to the method of any one of claims 12 to 15.

18. A cell structure of claim 17, wherein the cell structure is constituted by same
types of cells.

19. A cell structure of claim 17, wherein the cell structure is constituted by multiple
types of cells.

20. A cell structure of any one of claims 17 to 19 that is used medically or
experimentally.

21. A cell structure of claim 20 used in the regeneration of joints.
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