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Method for Producing Tooth
[Technical Field]

[0001]

The present invention relates to a method for producing
a tooth having a desired size.
[Background Art]

[0002]

ThétooUnisanorganhavingenamelasitsoutermostiayer,
a hard tissue called dentin inside the layer, and furthermore,
odontoblasts forming the dentin on the inner side with dental
pulp iﬁ the center. Teeth may be lost due to tooth decay.and.
periodontal disease, but because the presence of teeth has a
big impact on one’s appearance and on.the taste of foods, the
concernabouttoothreproductiontechniqueshasbeenincreasing.
Furthermore, concern . towards about ﬁooth reproduction
techniques has also been increasing for reasons such as
maintainihg health and maintaining a high quality of life.

Atoothisafunctionalunit that is formedby the inducement
of the generation process during the fetal period, and is formed
by a plurality of cell species. A tooth is not generated by

a stem cell system wherein cell species are generated from stem



[ Background Art] [0002] The tooth is an organ having enanmel as its
outernost layer, a hard tissue called dentin inside the |ayer, and
furthernore, odontoblasts forming the dentin on the inner side with dental
pulp in the center. Teeth may be | ost due to tooth decay and peri odont al

di sease, but because the presence of teeth has a big inpact on one's
appearance and on the taste of foods, the concern about tooth reproduction
t echni ques has been increasing. Furthernore, concern towards about tooth
reproduction techni ques has al so been increasing for reasons such as

mai ntai ni ng health and maintaining a high quality of life. Atooth is
a functional unit that is fornedby the i nducenent of the generation process

during the fetal Beriog, and is forned by aﬁ&lurallt of cell _species. A
tooth is ot SgEHEFafEd SVaEOEPéﬁF&SIFt§?sF8 fndrei ReEerFiXpRLi 35%%r e
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achi eved by regenerative nedi cine regenera ion of tee

identifi ¢abinep18ht8enes:) fQéwgew@%yffégéﬁarat!w@ﬁea%%@t' o1 PhOGERS of
teeth and artificial |nducenent of "a tooth germ has been exam ned; conpl ete

i nducemerfeg@ner@@gner atfi eeeh Eﬂ@bhgﬁaﬂa@htbe1@&Bh@ﬁe€f0§éMeBbeﬁlﬁat' fying
t he genes. [0003] Thus, in recent years, a method for obtaining

regener atsge ctigatclalny tﬂmgenethﬂgohmdmmogetmmlam@ antisotssed tissue
and cell derived fromthe tooth germ and then transplanting the
r econst r ucded emeatto fiye L pohagy doeemm ekaaneedmined, complete inducement

of regeneration of teeth cannot be achieved only by identifying

the genes.

[0003]

Thus, in recent years, a method for obtaining regenerated
teeth by reconstructing the tooth germusing an isolated tissue
and cell derived from the tooth gérm, and then transplanting
the reconstructed tooth germ has been examined.

[0004]

The present inventors figured out that by arranging a

~ first cell mass and a second cell mass in contact with each
other inside a support carrier made from collagen gel, wherein
at least either the first cell mass is formed substantially
from only one of either mesenchymal cells or epithelial cells
derived from the tooth germ or the second cell mass is formed

substantially from only the other type of cells, and then by

culturing the first and the second cell mass inside the support



[ 0004] The present inventors figured out that by arranging a first
cell mass and a second cell mass in contact wth each other inside a
support carrier nmade fromcollagen gel, wherein at |east either the first
cell mass is fornmed substantially fromonly one of either nesenchymal cells
or epithelial cells derived fromthe tooth germor the second cell mass is
formed substantially fromonly the other type of cells, and then by
culturing the first and the second cell nass inside the support carrier,
cell differentiation can be induced effectively, and it is possible to
produce a regenerated tooth germ and regenerated tooth haV|ng a specific
cell arrangenent and

carrier, cell'differentiation can be induced effectively, and
it is possible to produce a regenerated tooth germ and
regenerated tooth héving a specific cell arrangement and
directionality (for example, see Patént Literature 1) .

[0005]

Furthermore, the present inventors showed that a
regenerated tooth germ and regenerated tooth having a specific
cell arr.angemer'lt and directionality can sir'nilarly be obtained
even by using oral epithelial cells and their first stage
cultured cells as epithelial cells (for example, see Patent
Literature 2), or by using amnion-derived cells as mesenchymal
cells (for example, see Patent Literature 3), or else by using
cellsobtainedbydifferentiation inducement of totipotent stem
cells as mesenchymal cells (for example, see Pat;ant Literature
4) .

[0006]

Also, in a regenerated tooth germ and regenerated tooth,

" the size of the tooth differs depending on its position and
" this size also varies with individuals. Therefore, it is
important to control the size from the point of view of
regenerating a tooth suitable to the posi.tion of the lost tooth.
However, in the above documents, the control method for the

size of regenerated teeth has not been examined. Furthermore,



regenerated tooth germ and regenerated tooth having. a specific cel
arrangenent and directionality can simlarly be obtained even by using oral
epithelial cells and their first stage cultured cells as epithelial cells
(for exanple, see Patent Literature 2) , or by using amion-derived cells
as nesenchymal cells (for exanple, see Patent Literature 3) , or else by
using cells obtained by differentiation inducement of totipotent stemcells
as nesenchymal cells (for exanple, see Patent Literature 4) . [0006]

Al so, in a regenerated tooth germand regenerated tooth, the size of the
tooth differs depending on its position and this size also varies with

i ndividuals. Therefore, it is inportant to control the size fromthe point
of view of regenerating a tooth suitable to the position of the |ost tooth.
However, & Feth@TaB8YEREERHRENESS TR HBRAY Ot rdot = drstitiGd Hast tvhéhsi 2B0BE
regenerated._teeth_has not been exam ned. Furthernore, _a set of regenerated
teeth may 50 1BLFRFReY P % 'hE35Ho 0Bt hB £eRFF It T ¥hsEe E8Eh t oot h
i s separat fromthe_s n ed.as .a graft, but the.difficulty in
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insuffi Ciﬁ“@eé@%%%ﬁl@%ﬁéc%&@f%ﬁm 56 0f pk%@vﬁgﬁ}iﬁghfk@c%ﬁel opnent

bi ol ogy. [0007] _ e ‘method for inoculating a cell mxture of a tooth
germi nC'dé@ld]@gﬁ%%Qnﬁﬂth@a&hﬁééJ&i_rﬁ@ﬁé verh cemtdie #00tdh pekAnbhagyf or m t he
dental bulb and denti n,

and also including epithelial cells that contribute
to the feandaihenf dicibet emarels tiamdd necaf ftolednatken bym 5@l i shidd teatiron of a
bi odegr adabl e pol yner nmade from a copol yner of polyglycolic acid and
pol yl act iigy aEvslaumertthénidlrcgnspl anting it into the body of an animal to
forma tooth is al so proposed as a nethod for producing regenerated teeth
havi ng the desilP@87%i ze and shape. In this nmethod, the control of the shape
of the tooth has been tested by using a scaffold of the desired shape.
However, the ré€BemaEtl IPsotPPF Sl el NISdCet ottt oot REigR At dEeFFom an
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form the dental bulb and dentin, and also including epithelial
cells that contribute tothe formationof the enamel ina scaffold.
made by solidification of a biodegradable polymer made from
a copolymer of polyglycolic acid and polylactic acid, and then
transplanting it' into the body of an animal to form a tooth
is also proposed as a method for producing regenerated teeth
having the desired size and shape. In this method, the control
of the shape of the tooth has been tested by using a scaffold
of the desired shape. However, the regeneratedtoothisderived
from a tooth germ made from ari epithelial cell layer and a
mesenchymal cell layer, and the tooth germ is known to grow

due to the chronological epithelical-mesenchymal interaction



that occurs between the epithelial cells and nesenchymal cells. Thus, if a
scaffold is used, sufficient cellular interaction is not obtained.
Therefore, the use of a scaffold may not be preferable (for exanple, see
Non-Patent Literature 1). Furthernore, the speed of formation of the tooth
is faster than the tinme taken for the scaffold to deconpose. Therefore, the
tooth may be formed with sonme part of the scaffold m xed therein, and it is
expected that the reproducibility of the cell arrangenment and tooth shape
may not necessarily be high. [0008] On the other hand, it was
believed that in general, the normal shape of the tooth crown cannot be
obt ai ned unl ess the nesenchynmal tissue in the reconstructed tooth germis

fect. ' b t ed_t hat i f h |1
(s ob R B4 BRERFROGHT® BPOCERLRAY S et S08pn Ry EHe P 80es w th
enzyme tnealrent) is. Usgeh 4 phace ok resenchymal,qi,§3ye, nben 1 hsy number
of cells |sSVa%ge?, %.conpara #bgiy arger ‘size o% too%h germis obt ai ned

in the invhbEOGULINES, i tde, Aumhele of.t 8pth LUSPS,I$ rr?alg?ﬂoitnﬁéeased (

for exanple , see Non Patent Literature 1) . However, even ter

transpl aplda¥e it t eebh gekambNsi desae | INGMPAGANT $Aket-B@uskape) of the
tooth crown and the nunber of tooth cusps change as conpared to a nor mal

toot h, apgrdHeagicrey the idhR RDHF etdrmasiiaRe oif St it colthai Hehs tAACORENNY t O
the report, a tooth with a correct shape is not obtained even by

reconst r weisl ngmehtadugh fidre thenbcadfodd ob carepddwel | dhecelfloreasshand a
mesenchynmal cell mass . According to the report , in the reconstructing
usi ng an tepittiredy bk fiagmewahd someepant inindie sebf feadnixdtetbereest shape
can be created if nesenchynmal tissue can be used, however, the limtation
i nposed @®Md nkt t he pFroRftiat Bhatediie reqprefvglilthetvisefofthfi FRéd
mesenchymal cells resolution_ is _achieved by increasingL ,
arrangement and tooth shape may ndt necessarily be high.:
[0008]
On the other hand, it was believed that in general, the
- normal shape of the tooth crown cannot be obtained unless the
mesenchymal tissue in the reconstructed tooth germ is perfect.
However, it has been reported that even if a mesenchymal cell
mass (mass obtained by centrifugal processing after separating
the tissues with enzyme treatment) is used in place of
mesenchymal tissue, when the number of cells is larger, a
comparatively larger size of tooth germ is obtained in the in
vitro culture, and the number of tooth cusps is also increased
(for example, see Non Patent Literaturel). However, evenafter
transplanting this tooth germ inside a living organism, the

shape of the tooth crown and the number of tooth cusps change

as compared to a normal tooth, and a tooth with the correct



[ 0009] Furthernore, reconstructed tooth germis produced with an
epithelial tissue and a nesenchynmal cell nmass, the nunber of produced teeth
i ncreases when the nunber of nmesenchymal cells is increased., however, the
size of the teeth is not affected (Non-Patent Literature 2) . In the
report, the final size of a tooth and tooth cusp is determ ned by intrinsic
factors of the nmesenchynmal tissue and epithelial tissue, that is, it is
concl uded that the nesenchynmal cells and epithelial cells have an intrinsic
menory concerning the final size of a tooth and tooth cusp, respectively.

[ 0010] Furthernore, the present inventors figured out a nethod - for using
as many epithelial tissues in the region configuring the enanel knot as the
desired nunber of teeth to forman epithelial cell aqgrega e

produci n§ épFe%%ﬁ§W%G$F€HJFﬁ%thASEP &§ﬂn5°a%h%dﬁﬁﬁ€%gaP'EBPF éﬁbgggate and

a nesenchynal cel l contro nunber
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enanel knot. Furthernmore, Patent Litérature 5 does not exam ne the control
of the shaeepithel 081 huidRed arRbaatidédenchymal cell mass, the correct
shapecanbeczeatedifnméenchymaltissuecanbeLSed,however,
the limitation imposed during the producing of teeth regarding
the use of unified mesenchymal cells indicates that partial
resolution is achieved by increasing the number of cells.

[0009]

Furthermére, it has been reported that when a
reconstructed tooth germ is produced with an epithelial tissue
and a mesenchymal cell mass, the number of produced.teeth
increases when the number of mesenchymal cells is increased,
however, the size of the teeth is not affected (Non-Patent
Literature 2). In the report, the final size of a tooth and
tooth cusp is determined by intrinsic factors of the mesenchymal
tissue and epithelial tissue, that is, it is concluded that
the mesenchymal cells and epithelial cells have an intrinsic
memory concerning the final size of a tooth and toqth cusp,
respectively. .

[OOle

Furthermore, the present inventors figured out a method



[Patent Literature] [0011] [Patent Literature 1] WO 2006/ 129672 [ Patent
Literature 2] Japanese Publ i shed Unexam ned Patent Application No.
2008- 29756 [Patent Literature 3] Japanese Published Unexam ned

Pat ent Application No. 2008-206500

for using as many epithelial tissues in the region configuring
the enamel knot as the desired number of teeth to form an
epithelial cell aggregate, when producinga reconstructed tooth
germ using an epithelial cell aggregate and atneéenchymal cell
aggregate as a method for controlling the number and form of
the teeth to be produced (Patent Literature 5). According to
the method, an aggregate of teeth having a desired number of
teeth can be obtained. However, as many epithelial tissues
as the numbef of the desired-teethmust be acquired to constitute
the region configuring the enamel knot. Furthermore, Patent
Literature 5 does not examine the control of the size of a tooth.
[Related art]
[Patent Literature]

[0011]

[Patent Literature 1]

WO 2006/129672

[Patent Literature 2]

Japanese Published Unexamined Patent Application No.
2008-29756

[Patent Literature 3]

Japanese Published Unexaﬁined Patent Application No.
2008-206500

[Patent Literature 4]



[ Patent Literature 4] Japanese Published Unexam ned Pat ent
Application No. 2008-200033 [Patent Literature 5] Japanese Publ i shed
Unexam ned Patent Application No. 2008-29757 [Non Patent Literature] [0012]
[ Non Patent Literature 1]

Japanese Published Unexamined Patent Application- No.
2008-200033
| [Patent Literature 5]

Japanese Published Unexamined Patent Application No.
2008-29757
[Non Patent Literature]

[0012]

[Non Patent Literature 1]

Hu et al. Tissue Engineering Volume 12, Number 8, 2006,
2069-2075

[Non Patent Literature 2]

J. Cai et al. Developmental Bioclogy 304 (2007) 499-507
[Summary of the Invention]

[Problems to be Solved by the Invention]

{0013]

Teeth have a size and shapé suitable to their function
depending on the site at wh_ich they grow, and the size and shape
are different depending on the site even for the same molar
tooth. Furthermore, the size of a tooth varies from individual
to individual. Therefore, whenxproducing'a:regengrated tooth
germ and a regenerated tooth as a treatment for lost teeth,
it is very important tocontrol its size such that it can function

appropriatelyinthe individual where the toothis transplanted.



Hu et al. Tissue Engi neering Volune 12, Nunber 8, 2006, 2069-2075 [ Non

Patent Literature 2] - J. Cai et al. Devel opnental Biology 304 (2007)
499-507 [ Summary of the Invention] . [Problens to be Solved by the
I nvention] [0013] Teeth have a size and shape suitable to their

function depending on the site at which they grow, and the size and shape
are different depending on the site even for the sane nol ar tooth.
Furthernore, the size of a tooth varies fromindividual to individual
Therefore, when producing a regenerated tooth germand a regenerated tooth
as atreatnent for lost teeth, it is very inportant to control its size
such that it can function appropriately in the individual where the tooth
is transpl ant ed. erhorg, %fcording to the experience of the
e ?
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conditions, and because of the “memory” specific to the cells,
teeth with good reproducibility and the same size are not
obtained.

[0014]

Therefore, anobject of the present inventionis toprovide
a method for producing a tooth having a desired siée, in
parficular, a tooth of which the width of a tooth crown is a

 desired lehgth. |
[Solving Means]

[0015]

As a résult of intense.studies to resolve the above
problems, the present inventors found that the width of the
crown of a fégenerated tooth depends on the contact length in
the predetermined direction of the mesenchymal cell aggregate
and the epithelial cell aggregate in the support carrier, and
does not depend on the number of each of these cells, and
therefore, by adjusting this contact length, the width of the
crown of the regenerated tooth canbe co_n_trolled. Furthermore,
it was found that when the mesenchymal cell aggregate and
epithelial cell aggregate were respectively formed in an

almost column shape, then by controlling a contact length of



[ 0014] Therefore, an obj ect of the present invention is toprovide a
nmet hod for producing a tooth having a desired size, in particular, a tooth
of which the width of a tooth crowm is a desired |ength. [Solving Means]

[ 0015] As a result of intense studies to resolve the above problens,
t he present inventors found that the wdth of the crowm of a regenerated
tooth depends on the contact length in the predetermned direction of the
mesenchymal cell aggregate and the epithelial cell aggregate in the support
carrier, and does not depend on the nunber of each of these cells, and
therefore, by adjusting this contact |length, the wdth of the crown of the
regenerated tooth can be controlled. Furthernore, it was found that when

t he nesenchynal cell aggregate and epithelial cell aggregate_were
respect i F&Fy aKéAhediFRC ﬁ°§lﬁﬁtheoFﬁﬁHm§haﬁet°?E€nh%Vl%%n%r%???ﬁ%d

cont act Ien the axial direction. of the ¢ having a :
desired H& g&g|%P088em %ﬁﬁQQﬁg%aﬂ Be For Hmegarpﬁﬁﬁ¥%4%? S&¥ting the
cont act Ien hin t apge het l.us an 5% -of the
desired Fg% 9M%£ e%%ﬁe?% QQ? gé‘yqébfﬁ QI eS|re ?gégéhg%é% d
Obtalnedmlﬁﬁ@ éb@ng—wééb &nﬁtﬁgnheghr@h &@g $hze,0fe bR 100Lh, téaehnunber

of tooth cusps can al so be contr ol and gy setting the contact length to

be|0“/th%aﬁ&%gebeﬁgb@%édnQ@%Qhﬁabaﬁabéeob@a§h88|eaﬁQOQDOﬁQU®QtBetH@talned
and thereby the present invention was concluded. That is, the present
i nventi ogohehatlesft @he size of the tooth, the number of tooth cusps

can also be controlled} and by setting the contact length to

below the predetermined numerical value, a single tooth could

be obtained, and thereby the present invention was concluded.

That 1s, the present invention relates to:

[1] a method fér producing a tooth having a desired length
in one direction, comprising:

a step of arranging a first cell aggregate and a second
cellaggregate inclosecontact insideasupportcarrier, wherein
the first cell aggregate and the second cell aggregate are
respectively composed éf either one of mesenchymal cells and
epithelial cells; and

a step of culturing the fifst and seéond cell aggregates
inside the support carrier,

wherein the size of the tooth is adjusted by adjusting
a contact length of the predetermined one directionof the first
cell aggregate and the second cell aggregate;

[2] amethod for producing a tooth having a desired length

10



[1] a nmethod for producing a tooth having a desired length in one
direction, conprising: a step of arranging a first cell aggregate
and a second cell aggregate in close contact inside a support carrier,
wherein the first cell aggregate and the second cell aggregate are
respectively conposed of either one of nmesenchymal cells and epithelial
cells; and a step of culturing the first and second cell aggregates
i nside the support carrier, wherein the size of the tooth is

adj usted by adjusting a contact |length of the predeterm ned one direction
of the first cell aggregate and the second cell aggregate,; [2] a
nmet hod for producing a tooth having a desired length in one direction,
conpri si ng: a step of producing a plurality of types of structures
in mhlchlph@nﬁlﬂéﬁe§éppnaggp@@éﬂél§ﬁd t he second ceII aggregate are
arranged in close contg; si.de a port carrier t he cont act

| ength of the PredeR & Wﬁﬁ§9bﬁr8 8&15V'PﬁetVPF %e? rﬁgb?ﬁ%ﬁte and
L1 oecong 5eL1n3a% p9eLe catel g poLlE LS LiBolloagLeaal and e secons,
and 3p|tQ§||%rf§ﬂééa in close contact inside a support carrier by

changing the contact length of the predetermined one direction

of the first cell aggrégate and the second cell aggregate,

wherein the first cell aggregéte and the second cell aggregate

are respectively composed of either one of mesenchymal cells

and epithelial cells;

a step of.culturing each of the plurality of types of
structures inside the support carrier;

a step of measuring the length of one direction of the
tooth produced in the preceding step and determining a
_correlation between the length and the contact length;

a step of calculating, based on the correlation, the
coﬁtact length of the first cell éggrégate and the second cell
aggregatetwhich is required for obtaining a tooth having a
desired length in one direction;

astepofarrangingthefirstcellaggregateandthesecond'
cell aggregaﬁe in close contact so as to have the contact léngth
calculated in the preceding step, inside a suﬁport carrier,
wherein the first cell aggregate and the second cell aggregate

are respectively composed of either one of mesenchymal cells

11



a step of culturing each of the plurality of types of structures inside the

support carrier; a step of neasuring the length of one direction of
the tooth produced.in the preceding step and determning a correlation
between the I ength and the contact |ength; : a step of calculating,

based on the correlation, the contact length of the first cell aggregate
and the second cell aggregate which is required for obtaining a tooth .
having a desired length in one direction; a step of arranging the
first cell aggregate and the second cell aggregate in close contact so as
to have the contact length calculated in the preceding step, inside a
support carrier, wherein the first cell aggregate and the second cel

aggregate are respectively conposed of either one of nmesenchymal cells and
epi t hel i &9 &PENeAAG! ce{lS;aa§@ep of culturing the first and second cel
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inside the support éérrier;

[3] amethod for producing a tooth having a desired length
in one diréction, comprising:

a step of producing a plurality of types of structures
inwhichanalmost column-shaped first cell aggregate and second
cell aggregate are arranged in close contact inside a support
carriersuchthattheaxiaidirectionofeachcolumnisparallel,
by changing a contact length of the axial direction of the first
cell aggregate and the second cell aggregate, .wherein the first
cell aggregate and the second cell aggregate are respectively
composédofeitheroneofmesenchymalcellsandepithelialcells;

a step of culturing each of the plurality of.types of
structures inside the support carrier;

a step of measuring the length of one direction of the
tooth produced in the preceding step and determining a
cbrrelation between the length and the contact length;

a step of calculating, based on the correlation, the
contact length of the first cell aggregate and the second cell
aggregate which is required for obtaining a tooth having a
desired iength in one direction;

a step of arranging the almcst column-shaped first cell



a step of producing a plurality of types of structures in which an al nost
col um-shaped first cell aggregate and second cell aggregate are arranged
in close contact inside a support carrier such that the axial direction of
each colum is parallel, by changing a contact |ength of the axial
direction of the first cell aggregate and the second cell aggregate,
wherein the first cell aggregate and the second cell aggregate are
respectively conposed of either one of nmesenchymal cells and epithelial
cells ; ~ a step of culturing each of the plurality of types of
structures inside the support carrier; a step of neasuring the

| ength of one direction of the tooth produced in the preceding step and

determning a correlation b tmeﬁ t he Ien%th]and the'contac% | en %h;
a step oPSUXCGHIE PAG. SBSSBG GRLLNBISSFPET At iBnClPAG CORFACE FBRGER of the

first cell aqggregate and.the second.cell a egate whi.ch Jds.required for
obtainin&hg goBP%r%aﬂ?ﬂﬁl%¥ égﬁ}%&-teﬁéicg%E%%g gﬁ?%%%fﬁ%?hg % é%?of

arr angi ng;t e 3l aost Eﬂéuﬁhigﬁﬁﬁiﬁéée&eﬁ i &%@%ﬁ%nﬁ“gtégcgﬂé cel |

aggregate in close contact | € support carrier such tha e contact

I engt h ofcichexaxhakidekesbinobri sathecbenghhicabavhated, i antheipr esedi ng
step and the axial direction of each colum is parallel, wherein the first

cel | aggrragatre aadlt heygecpitt cehll agy egalena ecéBsperidrerjatcogpesed of
ei ther one of nesenchymal cells and epithelial cells; and a step of
cul turi ngetspe ctiivetl yandmpeseddo€ et 1 tlagyregates messindhtrizd seppsr andarri er ;

epithelial cells; and |

a Step of culturing the first and second cell aggregates
inside the support carrier;

[4] A method for producing a molar tooth having a desired
length in a mesiodistal direction and/or a buccolingual
directipn, comprising:

a step of producing a plurality of types of structures
inwhichanalmost column-shaped first cell aggregate and second
cell aggregate are arranged in close contact insidg a support
carrier such that theaxial directionof eachcolumnisparallel,
by changing a contact length of the axial direction of the first
cell aggregate and the second cell aggregate and/or a contact
length of the direction perpendicular to the axis, wherein the
first cell aggregate and the second cell aggregate are
respectively composed of either one of mesenchymal cells and
epithelial cells;

a step of culturing each of the plurality of types of

13



[4] A method for producing a nolar tooth having a desired length in a
mesi odi stal direction and/or a buccolingual direction, conprising: _ a
step of producing a plurality of types of structures in which an al nost

col um-shaped first cell aggregate and second cell aggregate are arranged
in close contact inside a support carrier such that the axial direction of
each colum is parallel, by changing a contact length of the axial
direction of the first cell aggregate and the second cell aggregate and/or
a contact length of the direction perpendicular to the axis, wherein the
first cell aggregate and the second cell aggregate are respectively
conposed of either one of nesenchynmal cells and epithelial cells; a step of

culturing each of the plurality of types of. structures inside the support
carrier;%trpCturgssﬁ@ﬁlgF ﬁéﬁ%ﬁ??ﬁﬁﬁﬁu§ﬁ%ﬁﬁﬁﬁrof the molar tooth produced

carri er; “*T° O TS ERE The Vgt roduce:
oot on. _and ERoR QErBAR NN HoeOEr B T o BLTAkEh hE LAEP AL SRength of

the axi alindkﬁ@ggdw_}@@e@mgt&eeﬁ gﬂgﬂﬂ%%eéf@df%@éi?@isrteaétjﬂjl{ aoki/Qr phet he

nol ar tooth, and/or a correlation between the contact |ength perpendicul ar

to the ayuscandnghgll enctdrtaford heyriaoodh nasgd il K Bed | Nc8frthet mehar

t oot h; a step of calculating, based on the correlation, the contact

| engt h obetheecaxtlad cdintactki xndfh bieHd bstiacellraggiwgahe wiwlithgerecond
cel | aggregate and/or the contact of the direction |ength perpendicular to
an axi s wifi cheames giogii stedl f dfredt 2omi nd the molar ttosdth haamddorn desired

|l ength in a nesiodistal direction and/or a buccolingual direction; a
step of apraediatdorhdeiivesst tbel ammtashapedgtiv perpehtigggreghrethad second
- cell aggregate in close contact inside _the support carrier such that the
contact P&AGt anéfthehdeaatdl ofithe PreR cand@ms it Aereshiastod &Agt ROSRTt he
direction perpendicular to the axis is the length cal cul ated by the
precedin&OQF ) and the axial direction of each colum is parallel, wherein

D LS oL la gPEgahe AT e second ool P00 P930 . 8 £ S3PoehLYel
contactlengthoftheakialdirectionofthefirstcellaggregate
and the second cell aggregate and/or the contact of thedirection
length perpendicular toanaxis which are required for obtaining
the molar tooth having a desired length in a mesiodistal
direction and/or a buccolingual directidﬁ;

a step of arranging the almost column-shaped first cell
aggregate and_second cell aggregate in close contact inside
the support carrier such that the contact length of the axial
direction and/or the contact length of the direction
perpendicular to the axis is the.iength caiculated by the
preceding step and theaxial directiconof eachcolumn is parallel,

wherein the first cell aggregate and the second cell aggregate

are respectively composed of either one of mesenchymal cells
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and epithelial cells; and ' -a step of culturing the first and second
cel | aggregates |nS|de t he support carrier; [5] a nethod for
producing a tooth having a desired |length in one direction;, conprising:

a step of arranging an al nbst col um-shaped first cell aggregate'and second
cell aggregate in close contact inside a support carrier such that the
axial direction of each colum is parallel, whereby a contact |length of the
axial direction of the first.cell aggregate and the second cell aggregate
is approximately within the range between plus and m nus 25% of the desired
| ength, wherein the first cell aggregate and the second cell aggregate are
respectively conposed of either one of nesenchymal cells and epithelial.

cells; and cuIt ring the first and second cell aggregates
i nsi de tﬂEdSGBbBPF?&Qﬁ E@&ES nd [6] the method according to the. above

5], wh h d d I
i[ n]si de ﬂ]gl gui)ab%rttsét ggF 9 r‘“}r;rg%% ggsglrs a'lsrtld %récotél 8??90%%%%6%& 2ggregates

plurality. Q%dEtEH Eﬁéoke whi.ch the first and the second cel | aggregates
are arrange nS| t support “carri er;

[5] a method for producing a tooth having a desired length
in one direction, comprising:

a step of arranging an almost column-shaped first cell
aggregate and second cell aggregate in close contact inside
a support carrier such that the axial direction of each column
is parallel, whereby a coﬁtact length of the axial direction
of the first cell aggregate and the second cell aggregate is
approximately within the range between plus and minus 25% of
the desired length, wherein the first cell aggfegate and the
second cell aggregate are respectively composed of either one .
of mesenchymal cells and epithelial cells; and

a step of culturing the first and second cell aggregates
inside the support carrier;

[6] the method according to the above [5], wherein the
stepofarrangingthefirstandthesecondcellaggregatesinside
the support carrier comprises:

a step of producing a plurality of structures in which
the first and the second cell aggregates are arranged inside
the support carrier;

a step of measuring a contact length of an axial direction

15



a step of neasuring a contact length of an axial direction of the first
and the second cell aggregates; and a step of selecting a structure
of which the nmeasured contact length is approxinmately within the range

bet ween plus and m nus 25% of the desired length. [7] a nethod for
produci ng a single tooth, conprising: a step of arranging a first
cell aggregate and a second cell aggregate in close contact inside a
support carrier, wherein the first cell aggregate and the second cel
aggregate are respectively conposed of either one of nmesenchymal cells and
epithelial cells; and a step of culturing the first and second cel
aggregates inside the support carrier, wherei n a maxi mnum cont act

|l ength of the first cell_ aggregate and the second cell %?gregate i s equal
to or |e&f tHhn f&rﬁlﬁe@é‘tde ehéPopiueell aggregates; an

a step of selecting a structure of which the measured
contact length is épproximately'within.the range between plus
and minus 25% of the desired length. |

[71 a method for producing a single tooth, comprising:

a step of arranging a first cell aggregate and a second
cellaggregateinclose contact inside a support carrier, wherein
the first cell aggregate and the second cell aggregate are
respectively composed of either one of mesenchymal cells and
epithelial cells; and

a step of culturing the first and second cell aggregates
inside the support carrier,

wherein a maximum contact length of the first cel1
aggregate and the second cell aggregate 'is equal to or less
than-a-predetermined value.

[8] the method according to;any oﬁe of the above [1] to
[7], wherein both the cell aggregates are cell masses;

[9] the method adcording to any one of the above [1] to
[8], wherein at least one of the mesenchymal cell and the
epithelial cell is derived from a tooth germ;

| [10] a method for recovering a tooth.miséing'part within
an oral cavity, comprising:

a step of transplanting the tooth obtained by the method

16



[8] the method according to any one of the above [1] to [7], wherein both
aggregates are cell masses; [9] the nmethod according to any one of
the above [1] to [8], wherein at |east one of the mesenchymal cel
epithelial cell is derived froma tooth germ [ 10] a nethod for
recovering a tooth mssing part wwthin an oral cavity, conprising: a step
of transplanting the tooth obtained by the method according to any
the above [1] to [9], into the missing part;

t he cell

adcording to ahy one of the above [1] to [9], into the missing
part; |

[11] the method according to the above [10], wherein the
tooth obtained by the method according to any one of the above
[1] to [9] is transplanted as is into the missing'parﬁ without
dividing the tooth into two or more parts;

[12]themethodaccordingtotheabéve[10]or[11],wherein
the mesenchymal cell and the epithelial.cell are derived from
an individual having the missing part;

[13] the method accdrding to any one of the above [10]
to [12], wherein the oral cavity is an oral cavity of a
non-mammal ;

[14] Amethod for designing a method for producing a tooth
having a desired length in one direction under a predetermined
condition,

wherein the designing method includes a method for
determining, when the first cell aggregate and the secopd cell
aggregate in close contact inside a support carrier and the
first cell aggregate and the second cell aggregate are
respectively composed of either one of mesenchymal cells and
epithelial cells, a contact length of a predetermined one
direction of the both cell aggregates, which is required for

producing a tooth having'a desired size, and
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[11] the nethod according to the above [10], wherein the tooth obtained by
t he met hod according to any one of the above [1] to [9] is transplanted as
is into the mssing part without dividing the tooth into two or nore parts;
[ 12] themet hodaccordi ngt ot heabove [10]or[11], wherein the nmesenchynal cel
and the epithelial cell are derived froman individual having the m ssing
part; [13] the method according to any one of the above [10] to
[12], wherein the oral cavity is an oral cavity of a non-nanmal ;

[ 14] A nethod for designing a nethod for producing a tooth having a desired
| ength. in one direction under a predeterm ned condition, wherein the
desi.gning nethod includes a nethod for determ ning, when the first cel
aggregate and the second cell aggregate in close contact inside a support
carrier and thHEeTPER BRd | MiRrEgEte ARECTRENSRE oRAC cePTEagHr FATE ar e
respectivel y conmposed of either one of nmesenchymal cells and epithelial
cells, af85%P§Etl ﬁ@pﬁsdf a predeternined one direction of the both cel
aggregates, which is r;gyir d.for pr ducin%_a %ogth hav%n%tauggsiéed si ze,
and wharei TP ttHe HEtod Foft et ermivnG t HéPEGnPact -T Bhgth~Turt her

i ncl udes: : S f.4arHo ' Lt ures in
whi ch thérﬁv?é%héééﬁEgga?éﬁgféggﬁgggﬁgeggggﬁ b&%‘%&§%§%33a§ g%%%gg%ranged

in cl ose eantAGt Jfis] A&, ac BMDOEEnERE £ 8hsh¥eChandidihithe-£PAL @6t b engt h of
the predeterm ned one direction of the first cell aggregate and the second

cel | aggcegalhengWes &idhtde 1en§tned knageregat &rmited heesecoadt cohl
aggregate are respectively conposed of either one of nmesenchymal cells and
epithelialf e@ld £irst cell aggregate and the second cell aggregate,
wherein the first cell aggregate and the second cell aggregate
are respectively composed of either one of mesenchymal cells
and epithelial cells;
a step of culturing each of the plurality of types of
structures inside the support carrier;
a step of measuring the length of one direction of the
tooth produced in the preceding step, and then determining a
corfelation between the contact length and the length of one
direction of the tooth; and
a step of éalculating, based on the correlation, the
contact length of the first and second cell aggregates which
is required for obtaining the tooth having a desired length
in one direction. .
IlS]aﬁethodfordesigningan@thodforproducimgasingle
tooth under a predetermined condition,

wherein the designing method includes a method for
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a step of culturing each of the plurality of types of structures inside the
support carrier; a step of neasuring the length of one direction of
the tooth produced in the preceding step, and then determ ning a
correl ati on between the contact length and the I ength of one direction of
the tooth; and a step of calculating, based on the correlation, the -
contact length of the first and second cell aggregates which is required
for obtaining the tooth having a.desired length in one direction.

[ 15] a nethod for designing a method for producing a single tooth under a
predet erm ned condition, wherein the designing nethod includes a nethod for
determ ning, when the first cell aggregate and the second cell aggregate
are arra2g$d i n close (Nﬂéh%§|n3|de a_support carrier, a maxi mum contact

| engt h offR4FF Bt TelPeRg et afdlt IF??%'%e éed t]aﬁfreéij%ﬁdecé d the .
second cellxg regate are res tively conpos ei ther one
nesenchy@§9‘§%%1s arfd eptthet §%§ &8|F§O%ﬁMQﬁ?' %%eﬁ%ﬁ+ T ?oFuBP8EGC|ng a
iioggggt t %%%ihe&}#]ﬁﬁ rﬂﬁlmlﬁr\g’&ﬁ%ﬁd&é NeGRLeE 9L GISHEUEN OggLAg,pRY! mum
and the first cell aggregate and the second cell aggregate are
respectively composed of eithef one of meéenchymal cells and
epithelialcells, whichisrequired forproducingasingle tooth,
and
wherein the method for determining the maximum contact
length further includes:
a step of producing a plurality of types of structures
in which the first cell aggregate and the second cell aggregate
are arranged in close contact inside a support carrier by
changing the maximum contact length of the first cell aggregate
and the second cell aggregate, wherein the first cell aggregate
andthesecondcellaggregatearereépectivelyc@hposedofeither
one of mesenchymal cells and epithelial cells;
a step of culturing each of the plurality of types of
structures inside the support carrier;
a step of measuring the number of teeth produced in the
preceding step and determiniﬁg the maximum contact length of
the first ceil aggregate and thé second cell aggregéte which
is required for obtaining a single tooth; and |

[16] themethodaccording totheabove [14] or [15], wherein
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a step of producing a plurality of types of structures in which the first
cell aggregate and the second cell aggregate are arranged in close contact
insi de a support carrier by changing the maxi mum contact |ength of the
first cell aggregate and the second cell aggregate, wherein the first cel
aggregate and the second cell aggregate are respectively conposed of either
one of nmesenchymal cells and epithelial cells; a step of culturing
each of the plurality of types of structures inside the support carrier;

a step of neasuring the nunber of teeth produced in the preceding step and
determ ni ng the maxi num contact |ength of the first cell aggregate and the
second cell aggregate which is required for obtaining a single tooth; and

- [16] the nmethodaccordin o the above 14] or [15 wherein _at | east one
of the n@§eﬁ€ﬁ§ﬁa?n%é?$qaﬁﬁ %ﬂl%xﬂqd it ed@PﬁgéﬁlﬁﬁénFﬁl?ooth

germ [Effe%erlvedt e '”Ve”t'QRJ§#§%%6]

Tom
[Effects of the Invention]

[0016]

According to the present invention, when the mesenchymal
cell aggregate and the epithelial cell aggregate are arranged
in close contact inside the support carrier, then by adjusting
a contact length of the predetermined direction of .the
mesenchymal cells and epithelial cells, the width of the tooth
crown in the contact length direction can be controlled in the
regeneratedtoothgérmandregeneraﬁedtooththatareproduced.

Particulafly, when the mesenchymal cell aggrégate and
epithelial cell aggregate is formed in an almost column shape,
then by controlling a contact léngth of the axial direction
of the column, a tooth having a desired length in the axial

. direction can be formed.

Furthermore, it is also possible to design the method
fox‘producingaitooth.including'determining'the contact length
to enable the production of a tooth having the desired size
based on the present invention.’

Furthermore, according to the method for the present
invention, regardless of the number of cells included in each

cell mass, if the predetermined contact length can be obtained,
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According to the present invention, when the nmesenchymal cell aggregate and
the epithelial cell aggregate are arranged in close contact inside the
support carrier, then by adjusting a contact |length of the predeterm ned
direction of the mesenchynmal cells and epithelial cells, the width of the
tooth crown in the contact |ength direction can be controlled in the
regenerated tooth germand regenerated tooth that are produced.

. Particularly, when thé mesenchymal cell aggregate and epithelial cel
aggregate is forned in an al nost colum shape, then by controlling a
contact length of the axial direction of the colum, a tooth having a

~desired Iength in the axial direction can be forned. Furthernore, it
is al so possi to desi n the t hod for %rodu % oth i ncl udi ng
deternin rﬁf? @8&?&6? 8“%556?31P PTG ? ' toBt i’ havi ng
t he de5|r slze sed .on t resent Furt hernore, -
accor di n5 %%lreﬁgfﬁoa <aChp)lreé’see él%’f%?{ ertehg%rf(%weegsn%’flb?ﬁe nunber -

of cells Fn% ggd in each ceII mass, |if the predet erm ned contact |ength
can be obtained. a tooth having a desired | ength can be produced, and

therefore, thepdesidefostzeisambe,achigvednelhectihveby %Eblﬁ?f@M@r number
of cells. Furthernore, in the present invention, by setting the

contact kengkbtheinmenvearbeseldc@ssl ashel®vet Be mfeeplﬂé@émmﬂnml ue, a
single tooth can be obtained instead of an aggregate of a plurality of

teeth. Thanekore,simsieabafh passbagpbty Ongh i si®epifobnsegyegatton, the
tooth can be used as is in the formof a graft. [Brief Description of
Dr awi ngspf a plurality of teeth. Therefore, instead of passing through

the step of segregation, the tooth can be used as is in the

form of a graft.

[Brief Description of Drawings]

[0017] |

.[Fié. 1]

Fig. 1 shows the phase contrast microscopy of the organ
culture on day zero, the second day, f£ifth day, and seventh
day, when a contact length of the epithelial cell aggregate
and mesenchymal cell aggregate during the producing of
reconstfucted tooth germ is set to less than‘450me between
450pum and 900um, and between 900 pm and 1500 um. The arrow
heads in the figure show both ends of the tooth crown region
that will form the future tooth crown.

[Fig. 2]

Fig. 2 is a schematic-diagram showing the width of the

tooth crown region that will form the future tooth crown, which
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[0017] [Fig. 1] Fig. 1 shows the phase contrast mcroscopy of the
organ culture on day zero, the second day, fifth day, and seventh day, when
a contact length of the epithelial cell aggregate and nesenchynal cel
aggregate during the producing of reconstructed tooth germis set to |ess

t han 450pm between 450pm and 900pm and between 900 pm and 1500 pm The
arrow heads in the figure show both ends of the tooth crown region that

will formthe future tooth crowm. [Fig. 2] Fig. 2 is a schemtic

di agram showi ng the width of the tooth crown region that will formthe
future tooth crown, which is neasured in the form of indexes showi ng the
size of the regenerated tooth germon the seventh day of the organ culture.

Fig 3] A 3 iy
th?act I5n§Fﬁ5¥”¥%%]ébtﬁﬁgﬁgg%‘QE?pIé gg%%g égﬁg%g ﬂ%gggﬁﬁi CeF%meen a
t f f
e L B o R R0 P Rl M cBTPERE S'_Ze °

[Fig. 3]

Fig. 3 is a bar graph showing the relationship beﬁween
acontact1engthoftheeﬁithelialcellaggfegateandmesenchymal
cellaggregateduringtheproducingofreconstruqtedtoothgerm,
and the size of the regenerated tooth germ on the seventh day
of the organ culture. -

[Fig. 4]

Fig. 4 isagraphshowingtherelationshipbetweenacontact
length of the epithelial cell aggregate and mesenchymal cell
aggregate during the producing of reconstructed tooth germ,
and the size of the regenerated tooth gefm on the seventh day
of the organ culture. |

[Fig. 5]

Fig. 5 is a schematic diagram showing the width of the
tooth crown measured in the form of indexes showing the size
of a regenerated tooth generated by transplanting a regenerated
tooth germ beneath the subrenal capsule.

[Fig. 6]

Fig. 6 shows a stereomicroscopic image of a regenerated
tooth on the 21°° day of the subrenal capsule assay, whena contact

length of the epithelial cell aggregate and mesenchymal cell
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[Fig. 4] Fig. 4 is a graph showing the relationship between a
contact length of the epithelial cell aggregate and nesenchynal cel
~aggregate during the producing of reconstructed tooth germ and the size of
t he regenerated tooth germon the seventh day of the organ culture. [Fig.
5] Fig. 5is a schematic diagram showi ng the width of the tooth
crown neasured in the formof indexes showi ng the size of a regenerated
tooth generated by transplanting a regenerated tooth germ beneath the

. subrenal capsule. [Fig. 6] Fig. 6 shows a stereom croscopi c i mage of
a regenerated tooth on the 21st day of the subrenal capsule assay, when a
contact Iength of the epithelial cell aggregate and mesenchymal cel

aggregat e durln%ﬁe rodu0|n%_ reconstructed tooth germis set to |ess
than 4503g/" “Fé HT 489 [if & &dyﬁdnﬁhPfaﬁ%C%%%EE%ﬁt@@ I MAGTTSHD pnl The
arrom1head% L” t he fhgprg 3hom1 o%h endi 8f t he t885h cro

- | se t 5 5

o) less weern um and pm, and between
900 pm and 1500 pm. The arrow heads in the figure show both
ends of the tooth crown.

[Fig. 7]

Fig. 7 is a bar graph showihg the relationship between
acontact lengthof theepithelialcell aggregate andmesenchymal
cellaggregateduringtheproducingofreconstructedtoothgerm,_
and the width of the tooth crown of the regenera£ed tooth on
the 21°° day of(tﬁe subrenal capsule assay.

[Fig. 8]

Fig.8isagraphshowingtherelationshipbetweenacontact
length of the epithelial cell aggregate and mesenchymal cell
aggregate during the producing of reconstructed tooth germ,
and the width of the tooth crown of the regenerated tooth.on
the 21°° day of the subrenal capsule assay.

[Fig. 9]

Fig. 9 is a CT image of a regenerated tooth on the 21°
day after the subrenal capsule assay, when a contact length
oftheepithelialéellaggregateandmesenchymalcellaggregate
during the producing of reconstructed tooth germ is sét to less
than 450 pm, between 450 pum and 900 pﬁ, and between 900 pm and

1500 um.
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[Fig. 7] Fig. 7 is a bar graph show ng the relationship between a
contact length of the epithelial cell aggregate andnesenchymal cel
aggregate during the producing of reconstructed tooth germ and the w dth
of the tooth crown of the regenerated tooth on the 21st day of the subrenal
capsul e assay. [Fig. 8] Fig. 8 is a graph show ng the relationship-
between a contact length of the epithelial cell aggregate and nesenchynal
cell aggregate during the producing of reconstructed tooth germ and the
wi dth of the tooth crown of the regenerated tooth on the 21st day of the
subrenal capsule assay. [Fig. 9] Fig. 9is a CT imge of a
regenerated tooth on the 21st day after the subrenal capsule assay, when a
cont act Iength of the epithelial Cell aggregate and nmesenchynal cel
aggregate duri 51$he foducing of reconstructed tooth germis set to |ess

than 450 pm - bg{yeen, 450 P 2ng, 900, Pk 20 PeLYEEN-209: P20 4800 P

contact length of the epithelial cell aggregate and mesenchymal
cell aggregate during the producing of reconstructed toothgerm,
and the number of cusps of the regenerated tooth after 21 days
of the subrenal capsule assay.

[Fig. 11]

Fig. 11 shows the results of measurement of the width
of tooth crown region of a régenerated- toot_:h germ obtained when_
a contact length of the cylindrical epithelial cell aggregate
and mesenchymal cell aggregate is set to a fixed rangé in the
reconstructed tooth germ, and the number of cells included in
each aggregate is changed.

[Fig. 12]

Fig. 12 éhows the results of measurement of the width
of tooth cro&n of a regenerated tooth obtained when a contact
length of the cylindrical epithelial cell aggregate and
mesenchymal cell aggregate 1s set to a fixed range in the
reconstructed tooth germ, and the number of cells included in
each aggregate is chahged.

[Fig. 13]

Fig. 13 shows the resuits of measurement of the number

of cusps of a regenerated tooth obtained when a contact length
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Fig. 10 is a graph show ng the relationship between a contact |ength of the
epithelial cell aggregate and nesenchymal cell aggregate during the
produci ng of reconstructed tooth germ and the nunber of cusps of the
regenerated tooth after 21 days of the subrenal capsule assay. [Fig. 11]
Fig. 11 shows the results of neasurenment of the wdth of tooth 'crown
regi on of a regenerated tooth germ obtai ned when a contact | ength of the
cylindrical epithelial cell aggregate and nmesenchymal cell aggregate is set
to a fixed range in the reconstructed tooth germ and the nunber of cells
included in each aggregate is changed. [Fig. 12] Fig. 12 shows the
results of nmeasurenent, of the width of tooth crown of a regenerated tooth
lindrical epithelial cell aggregate

obt i ned when.n.coTkael Lengihof, Lhe exl ndical,epithellal gLl q00rcgate
ooth geC SY e e Lol 8 LS ckudegobi, caph oagsget e shanged,
cusps of 13 50§08h A LU HuRBL A JEdMhen; A-$ARL A L8R Bogregate
is changed.
[Description of Embodiments]
| [0618]

A method for pfoducing a desired tooth according to the |
present invention includes: a step of arranging a first cell
aggregate and a second cell agoregate composed respectively
of either one of mesenchymal cells and epithelial cells inclose
contact inside a support carrier; and a step of culturing the
first and second cell aggregates inside the sﬁpport carrier,
wherein the size of the tooth is adjusted by adjusting a contact
length of one direction of the first and second cell aggregates.

[0019]

In the present invention, a “tooth” refers to a tissue
comprising a layer of dentin oﬁ the inner side and a layer of
enamel on the outer side in continuation, and having a
directionality comprising the tooth crown and the dental root..
The directionality of a tooth can be identified by the
arrangement of the tooth crown and dental root. The tooth crown

and dental root can be checked visually based on the shape and

histological staining. The tooth crown is a part having a
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of the cylindrical epithelial cell aggregate and nesenchynmal cell aggregate
is set to a fixed range in the reconstructed tooth germ and the nunber of
cells included in each aggregate is changed. [Description of Enbodi nents]

[ 0018] A nmet hod for producing a desired tooth according to the
present invention includes : a step of arranging a first cell aggregate and
a second cell aggregate conposed respectively of either one of nmesenchymal
cells and epithelial cells in close contact inside a support carrier; and a
step of culturing the first and second cell aggregates inside the support
carrier, wherein the size of the tooth is adjusted by adjusting a contact

| ength of one direction of the first and second cell aggregates. [0019]

In the present jnventjon, a "tooth" refers to ti gssue conprising a |ayer
of denti H3FF RS FRREFUET FE™Hd S N%FBATET ifh Pt&H't%ch’teeiieggﬂé in
continuation, .and having a directionality conprising the tooth crown and

t he dentgPoFooO?STﬁg%dF%ggtgoﬁaﬁﬁﬁye ‘ﬁ%ﬁ3ﬁth can be identified by the

ar r angenent of[gggofooth crown and dental root. The tooth crown and dental
root can be checked visually based on the shape and hi stol ogi cal staining.

The tooth crowdehsiAd Balt MWD vthy | B¥EERE 196 UGN RoLPAPI H§E RY1 epanel and

dentin, and the dental root does not have the enanel | ayer.
identified by those skilled in the art by histological staining
or the like. Furthermore, the enamel can be identified by the
presence of enamel blast cells, and the presence of eﬁamel blast
cells can be confirmed by the presence of amelogenin. On the
other hand, the dentin can be idencified by the preseﬁce of
odontoblasts, and the presence of odontoblasts can be confirmed
by the presence of dentin sialoprotein. The confirmation of
amelogénin and dentin sialoprotein can be performed easily by
methods well known in this field, for example, in situ
hybridization and antibody staining can be used.

[0021]

In the present invention, “tooth germ” and “tooth bud”
are expressions used to specifically refer to different stages
of generation of teeth. In this case, the toothlgerm refers
to the initial germ of a tooth that is determined to become
a tooth in the future, and indicates from the bud stage to the
bell stage that are generally used as the stages of generation
of a tooth, and is a tissue in which the accumulation of dentin

and enamel, which is characterized as hard tissues of a tooth,
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[ 0020] Dentin and enanel may be easily and norphol ogically

identified by those skilled in the art by histological staining or the

| i ke. Furthernore, the enanel can be identified by the presence of enanel

bl ast cells, and the presence of enanel blast cells can be confirned by the

presence of amel ogenin. On the other hand, the dentin can be identified by

the presence of odontobl asts, and the presence of odontobl asts can be

confirnmed by the presence of dentin sialoprotein. The confirnmation of

anel ogenin and dentin sialoprotein can be perfornmed easily by methods well

known in this field, for exanple, in situ hybridization and anti body

stai ning can be used. [0021] In the present invention, "tooth gernf

and "tooth bud" are.expressions used to specifically . refer to different

ot ages of LSeer REF S SR g aeR T F e d” L Eh e e bRt ar e SFRPERL ot he

initial ra of th_that is . cm.ped to hec t. 00 in the future,
%%F. gpd%c%%%s 8u5§%Fu% g?% th%%eﬁla ? o%ngﬁgt gogph

and i ndi Cates fromthé age age are ge%%?%lLy used

as the St9es; 0l 0eRLALROM led 100! Nl d £185HeSSHE: L Lhe

accunul ation o in and enanel, which i's characteri zed as hard ti ssues

of a tooklhe s@4ige WREnRHA heHtahlahd 88AMLT RGN dtiePbhsrabaadi zbhe "tooth
bud” indicates a tissue after the stage of the "tooth gernm used in the

present larvehkl AArdatdstsea &f sshe tdwth nangesdaryed o soage wpebot he
dentin and enanel accumul ation characterized as the hard tissues of the

t oot h hawdestantedbé Dotoruhe tocth ehepstageoheflos gunte ahdoganeraplg from
the guns and generally starts functioning as a tooth. The generation of a
toot h fr ewaite foonchigeing oot ar sobhhoughhegsnesfa tilpn bl $oagd, frap st age,
and the early bell stage and | ate bell stage. In the.bud stage, the

epi t hel | &hecePPER|IFHN BCFHES FRECHER &RHY Al L $829hi GlédhStadd in the
cap stage, the epithelial cells are infolded to enconpass the nesenchynal

cel I's. WRéW BRe s&lvyPeet IStaFyandnd 1P 1het 1297 agd Tk Be RLREAIST he
oort | for RO A SRCLRa T e et PTRE G BN e ERACREBL h germ
esenchy B cd 1L e i it e, i eRehy ot et e b ofrf Lpogafa €8S e
Fom t hetrSnBXSE e nolRE e MTRe138 | bkl Bhel BElR BELLSSERBLYT,

such cel I8, pogs i)@ﬂ?tl.tét%.lgieaér& %Eh&hefiﬁf@{e £91€BLY $adQii1Mesh F ¢ BEEbRES

epithelial tissue as well as the cells obtained by culturing such cells.

the outer enamel, and the mesenchymal cell part forms the dentin
ontheinnerside. Thegenerationofthetoothgermiscontrolled
by the cellular interaction between the epithelial cells and
mesenchymal cells via cytokine, thereby forming a tooth.

[0022]

In the present invention, “mesenchymal cells” refer to
the éells derived from the mesenchymal tissue as well as the
cells obtained by culturing such cells, and-“epithelial cells”
refer to cells derived from the epithelial tissue as well as

the cells obtained by culturing such cells.



Furthernore, in the present invention, the "peridontal tissue"” refers to
t he al veol ar bone and the periodontal nenbrane formed nostly on the outer
| ayer of the tooth. Those skilled in the art can easily identify the form
of the al veol ar bone and periodontal nenbrane through a histol ogical
staining. [0023] In the present invention, the "step of arranging a
first cell aggregate and a second cell aggregate conposed respectively of
ei ther one of nesenchymal cells and epithelial cells inclose contact inside
a support carrier (hereinafter referred to as the "arrangenent step") is,
for exanple, described in Patent Literatures 1 to 5 and its entire
di scl osure is incorporated herein for the purpose of reference. [0024]
The above-nentioned first cell regate and the second cell K aggregate are
f or med substarﬁ‘f’%ﬁ %F“r%% drﬂ;}:%géﬁ Ryial "¥EPFSOBr ERFt RFTEHORER T s
. respecti ZFor rom.on "oinpli

that in ERESBPacantrs PoaT B &l %Pnﬁhaenéaéa?ggegtl@?%gﬁa&em%%worm; the
same fun 0 n | ¢ S not
: %H?\S Orffﬁeér!‘{f%r?%}% %%‘EﬁQ i%(ycelﬁst‘fi{ko sl %h#ée &QQbe&%

i ncl ude ce han nesenc e extent possi

same apphhegnt 0ar{ e dSHS) airaér?élﬁyftrr@ﬂf%wo%pthgeéi%oﬁﬂlﬁo
Here, cell aggregate refers to cells”in close contact, and could even be a

cel | masgn@r ﬁ@@&@doatam fehbrahe eakbsigtvan Hl@tfofl%g(i%%q Qfcaliinsgides. The use
of a tissue has the advantage of easily enabling acquisition of teeth with

the correct celdozalrangenent and shape, but the amount that can be obtai ned
is limted. Because cultured cells can al so be used as cell nmass, they are

conpar ati vel y Fasher pteseht aimvand diheréfeor etepos £ sprefrerialy e. ficeording to
the nethod for the present invention, a regenerated tooth with the correct

cel | arr andémaareasd sshizphe scrrisecobt appedgaterrdpagsduespeet I vedss.

of either one of mesenchymal cells and epithelial cells inclose
contact inside a support carrier (hereinafter referred to as
the “arrangement step”) is, for example, described in Patent
Literatures 1 to 5, and its entire disclosure is incorporated
herein for the purpose of reference.
[0024] |
The above-mentioned first cell aggregate and the second
cell aggregate are formed substantially from only mesenchymal
cells or epithelial cells, respectively. “Formed
substantially'fronlonlyxﬁesénchymél cells” implies that in the
present invention, one of the aggregates of cells performs the
- same functions as when composed only of mesenchymal cells, and
does not include cells other than mesenchymal cells, to the
extent possible. The same applies to “formed substantially

from only epithelial cells.”
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[ 0025] The mesenchymal cells and epithelial cells configuring the
cell aggregate can be derived fromany tissue of a living organismas | ong
as a regenerated tooth can be generated fromthe regenerated tooth germ
formed by using these cells. Preferably, fromthe point of view of
effectively formng a tooth having a specific structure and directionality
by reproducing the cell arrangenent inside the living organism at | east
one of these cell aggregates must be derived fromthe tooth germ It is
nore preferable that both the nmesenchymal cells and epithelial cells be
derived fromthe tooth germ Fromthe point of view of juvenility and
honogeneity of the stage of differentiation of cells, the tooth germis

desired to be _in the stage between the bud st% e and the cap stage. [0026]
Exanpl es of t HETRsethy fII&EaE J&H S Y 6/ gtshéFl FhaACacPBbRht ger m

oot o oRpt ShE el oI R e Rneu Rl (LS Uen L8 gy ghoar s
contal ni g PhOOt ELIIS - IRLEP! Shel QY o MESENElYIGl, £ ehlsa iPahbeqor a
cavity, boneé narrOM/ceFﬁs I'nsi de e J awbone, nesené%yna cel TS aari ved

from cr aBEaéany?aénﬁﬁfﬁtlg %@%ﬁ%{aﬁ%yg@étﬂrm $9fe e8hhscphieh; can

differentiate 1nto the nesenchyna , and stemcells thereof. As far as

mesenchy geh-aegkhe ndr 8n60SESH O butdR hexamBlatoft halsidith ¥ obhadeedved. cells
is described in Patent Literature 3, and an exanple of using cells obtained

by diffenenticati.ongésduserailitfed otipete askemeeldes 48 cdascnabed in
Patent Literature 4 as nmesenchymal cells, and its entire disclosure is
i ncor por aheg¢ heeecomparatheecpyr paséeecof toebbrenneanfi0bRZtefore, mdhe
epithelial cells may also be those derived fromother than a tooth germ
and exanplresetrhdileof Aacbudéngdld thelmeithed foomhetdr@seaagi theehhloni ssues in
a living organism Preferable exanples of the epithelial cells include
epi t hel | 8l reggnerafed koetmiths &NeneP BT Agk & ilnr TRRNGPEFE ARG §R2BRd nore
pref erabl e _ ,

can be obtained even by using a cell mass.

[0025]
The mesenchymal cells and epithelial cells configuring

the cell aggregate can be derived from any tissue of a living

organism as long as a regenerated tooth can be generated from

the regenerated tooth germ formed by using these cells.

_Preferably,'from the point of view of effectively forming a

tooth having a specific structure and directionality by

reproduciné the cell arrangement inside the living organism,

at least one of these cell aggregates must be derived from the

tooth germ. It is more preferable that both the mesenchymal

cells and epithelial cells be derived from the tooth germ. From

the point of view of juvenility and homogeneity of the stage

of differentiation of cells, the tooth germ is desired to be
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exanples of -the epithelial cells include i mmature epithelial precursor
cells which can generate differentiated, for exanple, keratinized or
par akeratini zed, epithelial cells such as skin and nucosa. Exanples of such
imature epithelial precursor cells include non-keratinized epithelial
cells and stemcells thereof. An exanple of using oral epithelial cells and
their first stage cultured cells as epithelial cells is described in Patent
Literature 2 , and its entire disclosure is incorporated herein for the
pur pose of reference. [0028] A tooth germand other tissues may. be-
collected fromthe jawbone or the |ike of various animls such as dogs and
cats besides primates such as humans and nonkeys and ungul ates such as
pi gs, cows and horses, which are manmals; and rodents such as mice, rats
_and rabbilf’s FhfhisHr e ehmgan mmdly FH9e et diiedaRreeig he tooth germ
~.and the tissue, a_condition generally used for collecting a tissue may be
appl i ed mﬁthouﬂoﬂﬁﬁffication, and the tooth germand the tissue may be

| ected und teril iti d st [ i at o
or eservati on SBIALPARC . BRangRel o HOM Sooth Yo M Thr BEe. PRESFoot h
vation ampfed “oF s il Tobth et h |
Potal tontRigerme and= o T s SF el Brof ek PssAsr et ogenous

tissues, ysage Ofid he 190t Ry 984Tk WSAODLEALN IS ALl efrabhgnel n the
case of mce, the tooth germof "a nouse with a fet'al age of 10 to 16 days

my be usedrdw8a9ls and mesBHERDBAl e DI SpRIatbRPa 0hihbe IRseRehyBRl cells
and epithelial cells fromthe tooth germ the tooth germisolated fromits

surroundimag-d ipseferdadlfi,r slesdnehgadhl e 1& Loothegerainesenekynbbnki ssue
and a tooth germepithelial tissue based on their shapes. To facilitate
i sol ati omarawnaiis nmes gk used Fwhdns, tharen&ranpl esedlst Berenegne
i ncl ude di spase,
from cranial peural crest cells, mesenchymal precursor cells
which can differentiate into the mesenchymal cells, and stem
cells thereof. As far as mesenchymal cells are concerned, an
example of using amnion-derived cells is described in Patent
Literature 3, and an exampie of using cells obtained by
differentiation inducement of totipotent stem cells is
described in Patent Literature 4 as mesenchymal cells, and its
entire disclosure is incorporated herein for the purpose of
reference.
[0027]
The epithelial cells may also be those derived from other
than a tooth germ, and examples therecf include cells derived
fromother epithelial tissues inalivingorganism. Preferable

examples of the epithelial cells include epithelial cells of

skin, mucosa and gingiva in the oral cavity, and more preferable
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col | agenase [0030] The cell indicate anass masses according to the present
I nvention of cells derived fromthe nesenchymal tissue or epithelial

ti ssue, and nmay be prepared by aggregating the cells obtained by dispersing
the mesenchymal tissue or epithelial tissue, or by aggregating the cells
obtained fromthe first stage or passage culture of the cells.

examples of the epithelial cells include immature epithelial

'precursorCellswhichcangeneratediiferéntiated,forexample,
keratinized.or‘parakeratinizea, epithelial cells such as skin
and mucosa. Examples of sﬁch immature epithelial precursor
cells include non-keratinized epithelial cells and stem cells
thereof. An example of using oral epithelial cells and their
first stage cultured cells as epithelial cells is described
inPatent Literature 2, anditsentiredisclosure is incorporated
herein for the purpose of reference.

[0028]

A tooth germ and other tissues may be collected from the
jawbone or the like of various animals such as dogs-and cats
besides primates such as humans and monkeys and ungulates such
as pigs, cows and horses, which are mammals; and rodents such
as mice, rats and rabbits, which are small mammals. For the
collection of the tooth germ and the tissue, a condition
generally used for collecting a tissue may be applied without
médification,andthetoothgennandthetissuemaybecollected
under sterile conditions and stored 1in an appropriate
preservation.solution. Examples of a human tooth germ include
the tooth germ of a third molar, which is the so-called wisdom
tooth, as well as a ﬁetal tooth germ, and, from the point of

view of utilization of autogenous tissues, usage of the tooth
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[ 0031] Enzynmes, such as di spase, coll agenase and trypsin may be used
to disperse the cells. To obtain a sufficient nunber of cells, a nedium
generally used for animal cell culture, such as Dul becco's Mdified Eagle
Medi um (DMEM), maybe used as the nmediumfor the culture during the first
stage or passage culture of the dispersed cells prior to the preparation of
the cell mass. A serumfor pronotion of cell growh nmay be added, or, as an
alternative to the serum a cellular growh factor such as FG-, EGF or PDGF
or a known serum conponent such as trans f errin may be added. I'n cases
where serumis added, its concentration may be changed appropriately _
depending on the culture state, and may usually be about 10% . For the cel
culture, normal culture conditions, such as those for culture in an

i ncubat oB€aM SFCRUNEACEI6C66S, ‘RayTBé Cappted. TANTBAt FBFBLPE BHEH! as
strepto in_may, be added as _appropriate. 032 To aggregate cells,
centrifzé§F 5P8¥ES§FHS Pg BeWngﬁegl% ratﬁ%983|%9§u85e%%i8ﬂ.9%m§%Y?he
nesenchygg% %glhsg%§s and epithelial cell nmass are fornmed in close contact,
t hey -mus e maintai'ned respectively at a high density to ensure the cel

interaction. Arbdgéy density state means a density al nbst equivalent to the
"~ density at which a tissue is constructed, for exanple, the high density is

in the range ofupxdd7tael lby/dfara® ilonl09s cehbshdsenRhetenabier dx198qcel | s/ m
to I x109 cells/m, and nost preferably 2x108 cells/nm to 8x108 cells/m .

The et hegs then ipnepal i Bof ot alHe fBSEhha¥ing St dl ghrael solsbsdty are
not limted, for exanple, cells may be aggregated and precipitated by

cent ri f ugdabimont s Eermendidqgdlsspreotes&ingt idd videt totard yodedi gedmsi nce
this conveniently enabl es achievenent of the high density w thout inpairing
t he cel | mgseinghtyynalStdls ssenenidf aghePdoh gaymberéahelédlobtsaueabaesdl ution
speed equivalent to a centrifugal force of 300xg to 1200xg, and preferably
500xg t 0CTOBHRGTr FHAPERr-eeTHi AatesitdteehSAIALGLEEE, TBNERFYUGaT*BNCat | ower
than 300xg may not be able to increase the cell density sufficiently, while
cent ri f u§&ECoR tat MRS heMet-hai*3PRo%y ﬁﬁytE%u%EZH@ﬁab%c¥Bd?h%lEE?F§:

collagenase and trypsin(

[0030]

The cell masses according to the present invention
indicate a mass of cells derived from the mesenchymal tissue
or epithelial tissue, and may be prepared by aggregating the
cells obtained by dispersing the mesenchymal tissue or
epithelial tissue, or by aggregating the cells obtained from
the first stage or passage culture of the cells.

[0031]

Enzymes, such as dispase, collagenase and trypsin may
be used to disperse thé ceilsf To obtain a sufficient number
of cells, a medium generally used for animal cell culture, such

as Dulbecco's Modified Eagle Medium (DMEM), may be used as the

32



[ 0033] In cases where high density cell nmasses are prepared by
centrifugation, the centrifugation is normally carried out after preparing
a suspension of cells in a container such as a tube used for cel
centrifugation, and the supernatant is renoved to the greatest extent
possi bl e, leaving the cells as the precipitates. Here, the vol une of
conponents other than the cells of interest (for exanple, a culture nedium
or a buffer solution) is preferably not nore than the volune of the cells,
and nost preferably, conponents other than the cells of interest are not
contained. If such high density cell aggregates are in close contact with
each other inside the suppor t carrier according to the nmethod descri bed

| ater, a cl.gsel acked cell "_is,obtained, and the cell |ntera£tion is

effectlvmg? PBaD [ Poggre during §ﬁﬁﬁ&ﬁ¢?ﬁﬁ??é@ﬁiﬁ%§?ﬂ FHES present
t b wh t d d f bl

Xt ur e @t BEn §l§%§6§%8e§'8ﬁ?8earﬁ86r§§ BRePraparr 5 ohr oFneRELERLT

carrier i ot Ra%b]%”?& éerjl ; trl%ql otfoéeﬁfgg?’%\gvrh%%g agenqqagargse gel,

car boxy nethyl ose agar Mmatrix (trade nane)

Mebi ol Gglg shra?tﬁ@efﬁgeive'\@é rtlh@egeéaﬁadg J@nﬁhaﬁbaf%;wtm thickbingybam nin,

extracel l'ular matrix m xture, polyglycolic acid ( pol yl actic acid

(PLA), ang t@c! Eerast Bhgk e kfors ls‘érﬁﬁp@&)r\}j{ﬁ@:ﬁelﬁ%@éh dmybgnysedridhese
support carriers my have a hardness with ch the cells can be virtually

mai nt ai ne@yabe tdRIdDCcartnansseheherehee ceh li sagddegaties neneeposationed in
the support carrier, and exanples of these support carriers include those
in the foaysbef chaggkd édpperpamatsby ideoidinese timt enil&hgehavahng, t he
appropriate hardness and retention, such as collagen, agarose gel, carboxy
met hyl ceénduiveye usyelldty e agaut ﬁ@&rog@pr el geiti Rulebrol nasnal
Matrigel, extracellular matrix mxture, elastin, fibrin, and lamnin are
pr ef er ablc@l ture FPeddgdensy hausa eSSk CRATWAT LI T Rd e NERR2heY
virtual l'y maintained at their |ocations e hardness . whi.ch _is_applicable
to threeddi fensi GREETcAPt tPe, FHAatCS ngﬁﬁfdnégsaﬂfﬁ lﬁﬁﬁghSFﬁQ ggsition

" of the cell an_he nalnggln%ﬁk%plle ertrgﬂﬁy of the cells due to their

growt h |§tﬁ§P i TR DIt &Y aivd & har(f1 s<ian ve easily determ ned by
t hose skilled '8059? art. [0035]

To aggregate cells, centrifugal processing is performed
for the cell suspension. When the mesenchymal cell mass and
epithelial cell mass are formed in close contact, they must
be maintained respectively at a high density to ensure the cell
interaction. A high deﬁsity state means a density almost
equivalent to the density at which a tissue is constructed,
for.example,‘the high density is in the range of 5x10’ cells/ml
to 1x10° cells/ml, preferably 1x10° cells/ml to 1x10° cells/ml,
and most preferably 2x10% cells/ml to 8x10° cells/ml. The
methods for preparinga cell mass having such a highcell density

are not limited, for example, cells may be aggregated and
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Furthernore, the support carrier used in the present invention may have a
retenti on whereby the cells can maintain their close contact of cel
‘aggregate w thout being dispersed. The "close contact” indicates that the
above-nentioned high density nesenchymal cell aggregate and epithelial cel
aggregate maintain the sane |level of density even in the vicinity of the
contact surface of the nesenchymal cells and epithelial cells. If the
support carrier that can retain the close contact is collagen, for exanple,
its usage at the final concentration of 2 ng/m to 3 ng/m, that is, at a
jelly strength of 120 g to 250 g according to the nmethod conformng to

JI S- K6503- 1996 (neasured as the |oad required to push down by 4 mMmw th a
12. 7-mm di a. plunger) provides an appropriate hardness. Even in the case of
ot her typé&af 56 PYCSPRFELEUIPL 19 | BResErRhyt AuFdloBYaFrR8EI Wt h t he
simlar eval uatijon thod, it c be used as the support carrier_in the

pr esent Fﬁvéﬂ??%h?u£§¥¥%eFﬁﬁ?é?ggyS&BHﬁiHﬂﬁﬁstGﬁgWﬁgﬁqﬁﬁéYbreﬂ%?%e§ypes of
support carr.iers, support .carrier with a hardness equivalent to.the

Goo T PR el R diel it (RO R S NG ERE BRI 1 o
arrangin gLy st - ;mﬁ: e d |1 rega i ngi de. the
support %gﬁpSéfb;re %g%hpgggﬁgﬁﬁggiy fﬁiﬁg ,]%ﬁt% teggc%ﬁf ggbrggates i's

a cell Mmagso1fien £XaERES, ehligvAReRIPLLARE-RRE R PEGaaDEYERY cEebHLEUIat i on
may be fed inside the support carrier with a mcrodo syringe, etc . 7 and

arrangedtd f2bleg¢ebha ages eaed81 § Ss®0td asdla0ddxCak ke tareangeduassany _
position inside the support carrier by using the tip of the syringe needle.

[0037] to ten nlihutke.preseptifoventbanatt bewaet bhda sboagraagi ngtt he
first cell aggregate and the second cell aggregate in the support carrier
in cl osebeordlaid Wwot hneaehset Here | sehdt dpastiitoul sarfifidientlad, ¥brlexanpl e,
after arrangi ng one of the cell aggregates in the support carrier, the
ot her celklengggrfagaitd omagtbeipbsrt Fomedl 3UHO twlt dauss éggegeagai BBE t he
first cell aggregate, and thus both can be set in close contact with each
ot her. MS€dlspecifically, by appropriately changing the position of the tip
of the above- ntio?ed syringe needle in the support carrier, one of the '
cel |l aggregate 0@3%' be nade to press agai nst the other cell aggregate. Wen

using an epithfli%i tis u%_og.ahngggngggnalWihé§uqaasI%per%egle%g &egate,
the surface of PhEITSLUEthar MaSTi R contact WIH T K& ESEREAY Ml 't i ssue
ot 1%, BRI A BRI 6 S oL 984 che-BesoBEC St
after preparing a suspension of cells in a container such as
a tube used for cell centrifugation, and the supernatant is
removed to the greatest extent possible, leaving the cells as
the precipitates. Here, the volume of components other than .
the cells of interest (for éxample, a culture medium or a buffer
solution) is preferably not more than the volume of the cells,
and most preferably, components other than the cells of interest
are not conﬁained. If such high density cell aggregates are

in close contact with each other inside the support carrier

according'tO'thernethod.deséribed later, a closely-packed cell
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Further, after the arrangenment, it is also preferable to set up a step of
solidification of the support carrier. This enables the cell to further
aggregate thus resulting in a higher-density state. For exanple, when
col l agen gel is used, solidification can be achieved by | eaving to stand at
the culture tenperature for several mnutes to several tens of mnutes. By
this, conponents inside the cell aggregate other than the cells are reduced
to the mninmum . possible extent, and a higher-density state is achieved.

[ 0038] " In the present invention, the "step of culturing the first
and the second cell aggregate inside the support carrier (hereinafter
referred to as the "culturing step" ) is described in the Patent
Literatures 1 to 5, and its entire disclosure is incorporated herein for

t he purpdésecbtaibedr eaied tepggd] interacthencig effiesyiperlivodx9aErds
depending on the nunber of cells positioned in the support carrier and the
states of the ¢8P#4hmsses, as well as on the conditions under which the
culturing step_.is carried out, . and the type, of aninah,4and hose skilled in
the art can apBPopPiRaty SBHELt™tHEti hE pBri BACSOTh {RECBASEIOPS

transpl a I on_i Rsi de [ [ 1.1 f - i ng

peri od, g% I#%?S“gﬁéﬁﬁ?%gfigaghﬁgggggﬁgfafE%Q%fﬁgggfggg%% e Fgg gg%red to
enabl e av;‘i%%hgr%o&@pa&%louﬁé&medium. ThBYmh PEF€2%1 9 tmeshgg&»b of the
culturing period, a great deal of progress can be made in the rmati on of
a reconstiyetied teohBroparciBohugding1the char mbroaxahpaecusshabhyens of
dentin and enanel, formation of the tooth crown, and Fornation of the

dent al refarcEe g&hj exebbhe rtasivieceslat 8sef o lexdmpl &gatuhtarbggldan be
performed for 6 days or nore, 30 days or nore, 50 days or nore, 100 days or
mor e, or CBAQnehays xor(trerde, raamtk )t heveateidh untahd( codder easendi Habnsgean al so
be changed during

(trade name), elastin, fibrin, laminin, extracellular matrix
mixture, polyglycolic acid (PGA), polylactic acid (PLA), and
lactic acid/glycolic acid copolymer ( LGA)rmnfbeused. These

support carriers may have a hardness with which the cells can
be virtually maintained at the locations where the cell

aggregates were positioned in the support carrier, and examples
of these support carriers include those in the forms of a gel,

fiber and solid. Of these, materials having the appropriate
hardness and retention, such as collagen, agarose gel, carboxy
methyl cellulose, gelatin, agar, hydrogel, Cellmatrix, Mebiol
Gel, Matrigel, extracellular matrix mixture, elastin, fibrin,

and laminin are preferable. In this case, the hardness with
which the cells can be virtually maintained at their locations
may be hardnesswhichisapplicable tothree-dimensional culture,

that is, a hardness with which the position of the cells can
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cul turing. [0040] The culturing stet) inside the support carrier .
may. be performed only by the support carrier which includes the first and
the second cell aggregates, or the culture nay be performed in the presence
of other .animal cells. In cases where the culture is perforned only
by the support carrier, the culture can be perforned under nor nal
conditions used for culturing of animal cells. Here, a serumderived from
mammal s, and various cellular factors which are known to be effective in
gromh and differentiation of these cells may be added to the culture.
Exanpl es- of such cellular factors include FG- and BMP. [0041] From
the point of view of gas exchange and nutrient supply for the cel

aggregates, and also fraomthe point of view of perform the entire steps
L Pr o B Thb S b b Rt g ofr ik Rer T8 e Foddd S aFPvE
preferabl.e to _use organ.culture for culturing inside_the support _carrier.

P or gan “GurBhr engRAERAr | 5 T I Db BRe o5y 11 S4FPRG 850t ous
menbr ane t%o@%dis%lsilgéh%ﬂ g or,,growm h of animal cells and placing a
support cdrrier having the first and the second cell aggregates, on the

menbrane. The pggoLs nmenbrane used herein is preferably a nenmbrane having
many pores with a "diameter of 0.3 to 5 pm. and specific exanples thereof
include Cell Gahttherhosert chbr adgpbaite)caand drsap® il tee preadatnanme)

invention may have a retenﬁion whereby the cells can maintain
their close contact of cell aggregatexNithbut.beiﬁg'dispersed.
The “close contact” indicates that the above-mentioned high
density mesenchymal cell aggregate and epithelial cell
aggregatemaintain the same level of densityeveninthevicinity
of the contact surface of the mesenchymal cells and epithelial
cells. If the support carrier that canretainthe close contact
is collagen, for example, its usage at the final concentration
of 2 mg/ml to 3 mg/ml, that is, at a jelly strength of 120 g
to 250 g according to the method conforming to JIS-K6503-1996
(measured as the load required to push down by 4 mm witha l2.7-mm
dia.-plunger) provides an appropriate hardness. Even in the
case of other types of support carriers, if similar strength
is obtained with the similar evaluation method, it can be used
as the support carrier in the present irvention. Furthermore,
by combining together one or more types of support carriers,
a support carrier with a hardness equivalent to the desired

jelly strength may also be obtained.
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[ 0042] On the other hand, perform ng the culture inside the support
carrier in the presence of other animal cells enables the early formation
of a tooth having a specific cell arrangenent in response to the actions of
various cytokines and the like fromthe animal cells. Such culture in the
presence of other animal cells may be perfornmed by culturing ex vivo using
isolated cells or cultured cells, and furthernore, the support carrier
having the first and the second cell aggregates nay be transplanted into a
living organismto carry out culture in vivo. [0043] Such
transplantation into and culture in vivo is especially preferable since a
tooth and/or a periodontal tissue can be forned at an early stage.

Preferabl e exagageg of animals which can be used as a |iving organi sm

i ncl ude mamal s; % Eferably non- human mammal s such as pigs and m ce, and
e A e b ° IRL S PLALSL A0k Yo el Ly ol TL LN L DG Sallp, speghes, o8 Lhat of the

tooth germtissueé. Th cases where cultufing i's perforne anspl anting

|nto an QELmRls (Al | .00k 0ot DRSIARE SReCLES ARt e aakh gel bl Ssue, Tt

~is preferable to use a nr na Ich was altered to be i mmunodeficient. In

order topdevel-en a3 ol g4, bhaawtgeml@bggggbatag okl 1ymass possi bl e,
exanples of a site in a living organismsuitable for such in vivo growh

pref er ableyri ghgee beneaplrethpisubeesnt acaps Wissvaresestat yifogroion), and
subcut aneous site. The culturing period after transplantation varies
dependi ngqagnbehéesi Zesafiet haet euophoat thertemewotht hemicanspyantati on and
the size of the tooth to be devel oped, and may be typically 3 to 400 days.
For exanplte, ,taedtdrmapged od Idf thearshl @avgdant héneatth shee sulsr enal
capsule is preferably . .

be arranged at any position inside the support carrier by using

the tip of the syringe needle.

[0037]

In the present invention, the methods of arranging the
firstcellaggregateandthesecondcellaggregateihthesupport
carrier in close contact with each other is not particularly
limited, for example, after arranging one of the cell aggregates
in the support carrier, the other cell aggregate may be
positionedsuchthat it pressesagainst thefirstcell aggregate,
and thus both can be set in close contact with each other. More
specifically, by appropriately changing the position of the
tipof the above-mentionedsyringeneedle inthe support carrier,
one of the cell aggregates can be made to press against the
other cell aggregate. When using an epithelial tissue or a

mesenchymal tissue as the cell aggregate, the surface of the

tissue that was in contact with the mesenchymal tissue or the
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7 to 60 days, although it varies depending on the size of the tooth germto
be transplanted -and the size of the tooth to be regenerated. [0044] '
Ex vivo preculture may be performed prior to the transplantation into the

| iving organism The preculture strengthens the bonds between cells and the
bond between the first and the second cell aggregates to make the cellul ar
interaction stronger. As a result, the cellular interaction can be

strengt hened, and the total growth period can be shortened.. The
precul turing period is not particularly limted. For exanple, a period of
three days or nore, preferably seven days or nore, is preferable since a
tooth bud can be devel oped froma tooth gernlduring this period and thus

t he culturl er| after th trans lan can be shortened. For
exanpl e, rE?Jhe case gﬁuFrans Paﬁ?a% on- %%: q?mnﬁgﬁegthafﬁ%ngugrena

gﬁf?ﬂLS i°s prg?%' 1%uhf ﬁglgﬁﬁgggﬂpﬁ§8ggngkzoéﬁg%t%éﬁﬁFﬁﬁéééhég the organ

according to t?§r998¥e qeptiopgd QEEQH?@HEHE step; %nQ1%B|EHEE89a§&§p has a
tooth-specific cell arrangement (structure) having dentin inside and enanel

out si de, tofsé@ ffa GES, oalsbhqtdglhlctat\iard 88 @%peﬁlgpagt Qe si zeneg the
tooth germto be transplanted and the size of the tooth to be regenerated
enables the cell to further aggregate thus resulting in a
higher-density state. For example, when collagen gel is used,
solidificationcanbe achievedby leaving tostandat the culture
temperature for severai minutes to several tens of minutes.
By this, components inside the cell aggregate octher' than the
cells are reduced to the minimum possible extent, and a
higher-density state is achieved.

[0038]

In the present invention, the “step of culturing the first
and the second cell aggregate inside the support carrier
‘(hereinafter referred to as the “culturing step”r'is described.
in the Patent Literatures 1 to 5, and its entire disclosure
is incorporated herein for the purpose of reference.

[0039]

The culturing period varies depending on the number of
cells positioned in the support'carrier and the states of the

cell masses, as well as on the conditions under which the
culturing step is carried out, and the type of animal, and those

skilled in the art can appropriately select the time period.
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[ 0044] Ex vivo preculture may be perfornmed prior to the
transplantation into the living organism The preculture strengthens the
bonds between cells and the bond between the first and the second cel
aggregates to nake the cellular interaction stronger. As a result, the
cellular interaction can be strengthened, and the total growh period can
be shortened. The preculturing period is not particularly |imted.
For exanple, a period of three days or nore, preferably seven days or nore,
is preferable since a tooth bud can be devel oped froma tooth germ during
this period and thus the culturing period after the transplantation can be
shortened. For exanple, in the case of transplantation and cul ture beneath

Lhe subrgal, £aRsyl S - A0H-01480CULLULS. 85 LHE SLOCULLULS, LREpthie peri od

of the organ cu vure s p

gener at ed -accor n t e aC4fturing

step hasgh ggf%hggéiq?#gﬁg??%&gpggnégggﬁ?l%é%ructuref”hgvgﬁgggeﬁ?#n i nsi de
and enamgh, Qut aagg,or angd-prief aeablyahas dideed ipnakdonbhatobsn Ags a tip
(tooth crown) and a root of a tooth at the correct position, enabling it to

suf fi ci emtdystf.unction as a tooth. Therefore, the generated tooth can be
wi dely used as an alternative to a tooth. .Furthernore, it may be used in
research for etpdindatiaeinef thbe gener afite pricessinaf per todf b g1 €46]

deal of progress can bé made in the formation of a reconstructed
tooth germ including the formation of accumulations of dentin
and enamel, formation of the tooth crown, and formation of the
dental root. To achieve the desired state, for example,
culturing can be performed for 6 days oxr more, 30 days or more,
50 days or more, 100 days or more, or 300 days or more, and
the medium and culture conditions can also be changed during
culturing.

[0040]

The culturing step inside the support carrier may. be
performed only by the support carrier which includes the first
and the second ce'_ll aggregates, or the culture may be performed
in the presence of other animal cells.

Incases where the culture is performéd only by the support
carrier, the culture can be performed under normal conditions
used for culturing of animal cells. Here, a serumderived from
mammals, and various' cellular factors which are known to be

effective in growth and differentiation of these cells may be



Furthernore, by extending the culturing period, in addition to the tooth
itself, a periodontal tissue such as the alveol ar bone and peri odont al
menbrane, which support and stabilize teeth on the jaw bone can be forned.
As a result, the practicality of the tooth after the transplantation can be
further inproved. Furthernore, only the periodontal tissue can be isolated
and used. [0047] The present invention is characterized in that the
| ength of one direction of the tooth thus obtained is adjusted by adjusting
a contact length of the predeterm ned one direction of the first cel
aggregate and the second cell aggregate in the above-nentioned arrangenent
st ep. The contact |ength can be adjusted dependi ng on the size,

shape, an sition of the cell aggregate to be_arranged insjde the support
carrer SRoPAEERSP Rk o PaRET RS Bt ot e A R e i or
carrier.ph%ha% nE& 0 syringe, the size, shape, and position of the cel
aggr egat e can ‘be changed appropriately by changing the dianeter of the

syringe needle[@[p‘g_L y moving the tip of the needle inside the support
carrier while extruding the cell nmass, and a contact |ength of any optional

direction of thesd %e&@éin@@grm 8% &ad e%h@gzjg‘ésé@&jnu%@.@nl&%ﬁ@%iﬁy ]
, e shape

mesenchymal tissue and epithelial tissue as the cell aggregate

and sizerel the tk3suaggabgheead) snbedibef erematnangbpgri bfinsédect he
support carrier, and by adjusting their arrangenent position inside the
support patfoemning cohrt antilkengtbpefihheitwo eethoaggaegatestaan be

adj usted. [0048]. Furthernore, by producing a plurality of types of
struct ur asxiingwbhifchthhe Bhistlandlihe secbadpreftragyeegatese haygambeen
arranged in close contact with each other inside the support carrier, and

t hen neaSudithgeafesncadturangt RnefidgothecEMPragEr égatesTand BePEgdiing t he
structure in which the neasured contact length is the desired |length, a

" reconst r GELEY oA YR M hafPAGUERBIdeS PREACEBRE AN 1 @A RI EaPHRY%bt ai ned,

and such_a te% is_also included HD "%f'ustin th% cont act 'f th".in the
present Wﬁwgﬁ? Gn° TR %%%r%ﬁﬁﬁﬁriﬂ: Chéggﬁﬁgﬁbp | 8hgPR-cah E Hdhe, for
exanpl e, By QR3S W A%V QU9 13, PRRSE, GANL 38L M £ 935 econd cell -
aggregates, on the membrane. The porous membrane used herein
is preferably a membrane having many pores with a diameter of
0.3 to 5 um, and specific examples thereof include Cell Culture
- Insert (trade name) and Isopore Filter (trade name) .-
[0042]
On the other hand, performing the culture inside the
support carrier in the presence of other animal cells enables
the early formationof a toothhavingaspecificcell arrangement
in response to the actions of various cytokines and the like
from the animal cells. Such culture in the presence of other
animal cellsmaybe performedby culturingexvivousing isolated

cells or cultured cells, and furthermore, the support carrier
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[ 0049] Here, the length of one direction of the tooth refers to the
width of the tooth crown in any direction, for exanple, the width in the
buccol i ngual direction (direction perpendicular to the row of teeth) , and
the width in the nesiodistal direction (direction parallel to the row of
"teeth) are ideally adopted, but not limted thereto. The neasurenent of the
width of the tooth crown can be done properly by those skilled in the art.
[ 0050] It is noted that when a regenerated tooth germis formed by
adj usting a contact length.of the predeterm ned one direction of the first
cell aggregate and the second cell aggregate, normally, the length of the
sane direction as the contact Iength is adjusted in the tooth crown of the
generated tqoth. [005 One of the aspects according to the present

|nventloHaSFIE%etH%tﬁG&sFora%Qo&Hﬁln@eﬁo?%oﬁﬁlﬂav?ﬁ@régﬁé§?réHW1eﬁ@th in

one direction includes: a st of producing a plural
structur§§aPﬁRﬁ%45? H&tP'Fs§9¥éPﬁp8§§F8g§%etaﬁaaFﬁg QéﬁoﬁHiggFF afgregat e

are arrapg [ in close contact inside a support carrier by changing a
contact lI'éngth of a predeterm ned one direction of the first cell aggregate
and the second gggg

Such transplantation into and culture in vivo is
especially preferable since a tooth and/or a periodontal tissue
canbe formed at anearly stage. Preferable examples of animals
which can be used as a living organism include mammals,
preferably non-human mammals such as pigs and mice, and the
animal is more preferably derived from the same species as that
of the toothgermtissue. Incases whereculturing is performed
by transplanting into an animal that is not of the same species
as the tooth germ tissue, it is preferable to use an animal
which was altered to bé immunodeficient. In order to develop

“an organ or tissue of ‘animal cells as normally as possible,
exampleg of a site in a living organism suitable for such in
vivo growth preferably include beneath the subrenal capsule,
mesentery (omentum), and subcutaneous site.

The culturing period after transplantation varies
depending on the size of the tocoth at the time of the
transplantation and the size of the tooth to be developed, and
may be typically 3 to 400 days. For example, the time period

of transplantation beneath the subrenal capsule is preferably

41



aggregate; a step of culturing each of the plurality of types of structures
i nside the support carrier; a step of neasuring the |l ength of one direction
of the tooth produced in the preceding step so as to determ ne a
correlation between the contact |ength and the I ength of one direction of
the tooth; and a step of cal culating, based on the correlation, a contact

|l ength of the first cell aggregate and the second cell aggregate required
for obtaining a tooth having a desired length in one direction. [0052]

The step of producing a plurality of types of structures in which the first
cell aggregate and the second cell aggregate are arranged in cl ose contact

i nside a support carrier by changing a contact |length of one direction of
the first cell %%gregate and the second cell aggregate, and then the step

. g
of cul turif§ e8cHvt: tanlé:}iﬂ%ﬂ}éljitt Y38 SSy §EBSBA I8P tEt thesS g iCde thRe
support carrier can_be executed according.to the above -nentioned
expl anat i Ot SERD BPr AR RO KOS (HE &t GAPRGOb el S 8 RBt hod for
adj usting.t qﬁﬁgﬂ; t length., [0053] The correl ati on between the
contact leng and the | ength of one direction of the tooth can be found

according to ajwehhyknown nethod. or a nethod conforming to the same. For
exanpl e, various graphs expressing the rel ationship between the contact

I ength and t hegkengty obrkba1toekh i dtde obetlterheat hpsiewn)cdraynbe
created, or a fornmula expressing the relationship between the contact

| engt h and-adpllaengiticef ifteo t eneh 1rey e ereaiesh. Furhdepreeealttibe
distribution of the contact |ength providing the | ength of one tooth may be
exanm ned,stamthdtherrsangpe bbndenbatwekengthl pravd dilreg ddrel dexeeceh ahe
predeterm ned tooth nay be determ ned. [0054]
first and the second cell aggregates to make the cellular
interaction stronger. As a result, the cellular interaction
can be strengthened, and the total growth period can be
shortened.

The preculturing period is not particularly limited. For
example, a period of three days or more, preferably’éeven.days
or more, is preferable since a tooth bud can be developed from
a tooth germ during this period and thus the culturing period
after the transplantation can be shortened. For example, in
the case of transplantation and culture beneath the subrenal
capsule, and organ culture as the preculture, the time period
of the organ culture is preferably 1 to 7 days.

[0045]

A tooth generated according to the above-mentioned

arrangement step and culturing step has a cooth-specific cell

arrangement (structure) havingdentin inside and enamel outside,
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The step of calculating a contact length of the first cell aggregate and
the second cell aggregate required for obtaining a tooth having a desired

| ength in one direction based on the acquired correl ati on can be executed
by inserting the acquired size of the tooth in the above-nentioned fornul a
and graph. [0055] In this way, after determ ning the required
contact length, a tooth with the desired size can be obtained by arranging
the first cell aggregate and the second cell aggregate at the desired
contact length.in close contact with each other inside the support carrier
under al nost the same conditions as the above-nentioned arrangenent step of
the plurality of types of structures, and then perform ng a cul ture under
al nrost the sape conditions as the above-npentiqned cul turing condjtions of
the  pl uPaFPts) GTAS/ped PURT dét Uress REPEPILaY Mkt~ The e cBiti t i ons”
refers to the conditians . under -whi.ch. a _tooth having.the sane,lengih in one
it ecti 0RO B Dbt aiod TP SONG Y GBrDane: BLEF Lo it CRE S Bet Tengt h
is set tgeg@ Sae4 In the arrangement step and cul turing step for

determ ning the contact length, and in the arrangenent step and culturing.
step for produghpgsp tooth having a desired length in one direction, it is
desired, for exanple, that the culturing conditions, such as the type of
the support cagxierivd eppetalutee gt idaut beprfotmetle pEbrimecanthéocation
of the culture (whether an organ culture or an in vivo culture) be the
sane. t ransplahhetiene, indentlas r anging tdreydriirsst. arthd herseadndreel
aggregates inside the support carrier, it is desired that a contact |ength
of the pattreagidensdthe Hondstihetposint¢ahl s katd mist boadebehwepnetiee er m ned
length in the tooth to be generated in, the future be the length cal cul ated
above. Thagetsland ddd nsedrend ageléandgpeaepeisattel ynated eblng necwhinéar
directions of the contact surface of the first and_second cell aggregates
Wi || becd®ESRRICEHOFi PEEPRERS i % e BBt t $15eCHéhelar et FRTERRIPUL Ur €.
For exanpl e, when producing a nolar _tooth in which the |length A of the

nesi odi st&f JF?eéF?SﬂgFQePgﬂgefﬂFﬁaﬁhFh&qt t 9 B oR PﬁglﬁﬁcéﬁFinﬁﬁal
direction th cantact surface of the first and second cell aggregates nust
be generEPP§ eF@C'angular, and the | onger side nmust formthe contact |ength

that provides +ﬁgg&gcﬁlkﬁr3%%;QE%&%Q&%HQ%:Séf@f&ﬁ?grlylimited. For

example, a period of three days or more, preferably seven days
or more, is preferable since a tooth bud can be developed from
a tooth germ during this period and thus the culturing period
after the transplantation can be shortened. For example, in
the case of transplantation and culture beneath the subrenal
capsule, and ofgan culture as the preculture, the time period
of the organ culture is preferably 1 to 9 days.

[0045]

A tooth generated accdrding to the above-mentioned
arrangement step and culturing step has a tooth-specific cell

arrangement (structure) having dentin inside and enamel outside,



[ 0056] Anot her aspect of the nethod for producing a tooth having a
desired length in one direction according to the" present invention

i ncludes: a step of producing a plurality of types of structures in which

t he al nost colum-shaped first cell aggregate and the second cell aggregate
conposed respectively of either one of nmesenchymal cells and epithelial
cells are arranged in close contact inside a support carrier such that the
axi al direction of each colum is parallel by changing a contact |ength of
the axial direction of the first cell aggregate and the second cel
‘aggregate; a step of culturing each of the plurality of types of structures
inside the support carrier; a step of neasuring the length of the one

di ti f the t h duced in the, di tep to_ det
Cor ol ai PO BECRBER LRI O Aot GHAE o G T [orRS Bnki B Crepcor |
cal cul at| QQWB??%r?g.aogoggl St Ca[ortroglt%t Lo, & c%(?f.q:te%c-“t Ploggg%%}n?fertlggliﬂ st cel |

aggr egat & an e Second celT "aggregate T equired tor obtaining a tooth

havi ng ajdesi egu#99§£g?£g§0%%ﬂyefaﬁi95-ei09§8iﬂ.diT erefEcSt eph Of

producing a pluralit pes of structures wt fferent contact Iengths

and t hengpeel-gt NG e caHIBdILii Bg 1yStSHd 6aNa R 1@X%eeUlad ae6 ar dbdight 0 the
above- nenti oned expl anati on of the arrangenent step, culturing step, and

t he net hegdrtaeradirusti hgadihbecost@cin kresghlrchAsodesiard ned: iaiove, tiide
correlation between the contact |ength and the Iength of one direction of
t he t oot hetamabeoexpressed wift b acbahnul a or graph, and the range of the
contact length providing the predeterm ned tooth | ength can al so be
determ ned. Fol0@¥lhg this, a contact length of the first and second cel
aggregates required for obtaining a tooth having a desired | ength in one
direction can EE?%E@%W%ﬁ%edh%as%ﬁt%ﬁd%ﬁﬁsé*@br?%1§P¥bﬂ§.FFGGS@% in I n
the present invention, the "al nost colum shape" refers to an el ongated

shape exBERALAGN kO dhE BPPERL 1 BRELEuchPas iR catAdst 1 ESTE MGt 3F ShApe and
| t i ti h I[f th | te is .a.ti th i

mmy be T OANEALAR &P MG ROTHRRCSHape TOAGICRS APFITE TR deithe
t ier.. Furt i f_t | ] i | f

oxanpl o, SERB TS SEHE HBellS o7 d M er G bgt ngd Eitie Sofi FESRLY i nsi de
the SUPD@Ll £30EEELa13R0 LACLRE! LoORAS,¢RD,DELBr LROASH) LA 201 BhDsY

cylindri Shape i nsi e support carrier by extruding the cells while
moving the £ipPfy T:'LRErB%%@ll.eﬁ Furthermore, only the periodontal tissue

can be isolated and used.

[0047]

The present invention is characterized in that the length
of one direction of the tooth thus obtained is adjusted by
adjusting a contact length of the predetermined one direction

. of the first cell aggregate'and the second cell aggregate in
the above-mentioned arrangement step.

The contéct length can be adjusted depending on the size,
shape, and position of the cel'l aggregate to be arranged inside

the support carrier. For example, when arranging the cell mass
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[0059] In this way, after-determ ning the required contact length, a tooth
having a desired length in one direction can be obtained by arranging the
al nost colum- shaped first cell "aggregate and the second cell aggregate at
the contact length in close contact with each other inside the support
carrier under alnost the sanme conditions as the above-nentioned arrangenent
step of the plurality of types of structures, and then performng a culture
under al nost the sanme conditions as the above-nentioned cul turing
conditions of the plurality of types of structures. [0060] Anot her
aspect of the nethod for producing a tooth according to the present
invention is a nmethod for producing a nolar tooth having a desired |ength
in a mesi,odi,stal_direction and/or @a buccolingual direction, and includes :

a step of”?ﬁrl@&utpri‘er@uBPBFErcéﬁrtlfro‘fl?96&1%?0- YFURESr 8%t 36 EH2PRe al nost
col um. shapetld1 £ elasalLpsuuregnLe gnd, Lhe second. ¢l -ggrsoal e gomosed

respective one chymal “cel Ts—and epr the Ys are
ddn .insi ; h “axi al
e A S e At o T

axi al di keettphozndOheagietdeiad @Hgtélg%o%fh@aQEE@Qthkﬁrleoékeﬁﬁéitﬁg| ar to
the axis of the first cell aggregate and the second cell aggregate; a step

of cul tutihrgceathm@ést hendlaieahtbytof ehyprsopfarst bpetivhas dnsedeibhe
support carrier; and a-step of measuring the length of the nolar tooth
pr oduced dfn tiee tprecedl hgagtepghhetheameicoddiwad tatl r ectiaan andh@rat he
buccol i ngual direction so as to determne a correlation between a contact
| engt h ofmetslemchyimall i seet iaod epidthdbl & bhigisisusfas hbermsslilodggragater ecti on
of the nolar tooth, and/or a correlation between a contact |ength
per pendi Glicashare aRe widsohridia hessepgem o adhieskeddw ianparrangeedi on of
t he nol ar, tooth, , , . ,
it inside the support carrier, andbyadjusting theirarrangement
position inside the support carrier, a contact length of the
two cell aggregates can be adjusted.
[0048] .
Furthermore, by producing a plurality of types of
structures in which the first and the second cell aggregates
have been arranged in close contact with each other inside the
support carrier, and then measuring a contact length of both
cellaggregatesandselecting thestructure inwhichthemeasured
contact length is the desired length, a reconstructed tooth
germ having the desired contact length can be obtained, and
such a step is also included in “adjusting the contact length”
inthe present invention. Themeasurement of the contact length

can be done, for example, by observing through a phase contrast

microscope.
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[ 0061] As descri bed above, generally, because the width of the
buccolingual direction of a nolar tooth is |onger than the width of the
-mesi odi stal direction, when the cell aggregate is forned in a colum shape,
the width of the tooth crown in the nesiodistal direction can be controlled
by controlling the contact length in the axial direction, and the w dth of
.the tooth crown in the buccolingual direction can be controlled by
controlling the contact |ength perpendicular ‘to the axis. [0062] A
contact length of the axial direction and a contact |ength perpendicular to
the axis may be changed with any nethod, for exanple, the length of the

col um-shaped cell aggregate, the dianeter, and the distance between the
axes of both c &I aggregates may be changed. If the cell aggregate is a

ti ssue, then bg ?%?ﬂing it into the desired dianeter and | ength before

 then by Tor he desired diameter and | bet

"nS1 o the Sugbore” CEbY | EriSERe bomtachLt BROLRY | ALt hECaRPar alFEEFFon and

the contacthenoldy perendicular Loy khe axis £an he shangede. Byt ber mor e,
e anpl e,

if the cell aggregate’is a c mass, for e en positironing it

i nsi de tQ%esum%ﬁéhca&hie&ﬂMthb&B@5h§hgu9& a i IQ 1 | Ngg; rLBe; dhamet er
of the cell aggregate can be changed by changi ng the dianeter of the

needl e, aegpeyndahanginad hendi sbanee iteadthch s4he the fiddie needhe is
noved inside the support carrier, the length of the axial direction of the
cel | aggmegdielicam lbéichanged. (dHuddiersmparaafitert@athengbwgponeccr) |
aggregate, by adjusting the position in which another cell aggregate is
ar r anged arehedei st arckoiietdebnt trivg: ases tefl Hottetor! | Thggnegatesmean be
changed. By reducing the distance between both axes such that they are

pr essi ngC&ghbAsvYidheho bt toohd esAractasurs dnoroperdel Pyaggeegat e
becones generally larger, and in this way, a contact |length of the axial
di recti of¥arddes donttd& 3%ngth of the direction perpendicular to the axis
can be changed éOO?B] . Besides these, the arrangenent step,

cul turing step} nd’ t he steps of determining the correl ati on between the

var i ous Tengths, can b JeLAOE Thek £9C0LALAYLO HNE S8 el TEnELORE

by adjusting a contact length of the predetermined one direction
of the first cell aggregate and the second cell aggregate,
normally,thelengunofthesémedirectrmlasthecontactlength
is adjusted in the tooth crown of the generated.tooth.

[0051]

One of the aspects according to the present invention
of the method for producing a tcoth having a desired length
in one direction includes: a step of producing a plurality of
types of structures in which the first cell aggregate and the
second cell aggregate are arranged in close contact inside a
support carrier by changing a contact length of a predetermined

one direction of the first cell aggregate and the second cell
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[ 0064] In this way, after determning a contact |ength of the axial
direction and/or a contact length of the direction perpendicular to the
axis, a nolar tooth having a desired length in a nesiodistal direction

and/ or a buccolingual direction can be obtained by arranging the al nost
colum-shaped first cell aggregate and the second cell aggregate at the.
contact length in close contact with each other inside the support carrier
under al nost the same conditions as the above-nentioned arrangenent step of
the plurality of types of structures, and then performng a culture under
al nrost the sane conditions as the above-nentioned culturing conditions of
~the plurality of types of structures. [0065] Furt her nore, anot her

aspect of the nethod for producing.a tooth having desi.red lLength in one
di T ect | ORSHEEGPERTS 1T TG pFLEHT LAV ERERGTE | 1T RS o 1S0eBEoTYRFF angi ng

the first ang the second cell .aggregates in_close contact i n_an_al nost

col um sR&pg ?Hcgﬁgeifygﬁﬁgﬁéﬁﬁ ng C&hch*thar T { He Saxital " di' Y82 o#° of each
I [ t, t LAl di ' th

First andeorant ar P A o O b e B nd i s

25% pr EE%gbsll,a/agk%/aeée&m@né%oasfﬁéﬂai:983%@%4&%&%gzttmct 190661,

As descri be ater, the present inventors found that when an al nbst
cylindrigaly shapedngesenehynal geebbrmssoandneptbbehi; ahngehl spggsoar e
arranged in close contact inside a support carrier such that the axi al

di rect i oraQicullae icigr, Cheed col uhB desrpalatieh, o benktengtlernfti b€ tloot h t hus
produced depends on a contact length of the axial direction of the circular
col um. Euntsttecedileagptregasef auddthhasebynsdetelhgagheecanetaceqhengdh to
approximately within the range between plus and m nus 25% preferably to
appr oxi mécel gberdigind a heotediavddd ardpgdired teoghhi in wiicchiraetwpdt h of the
- tooth crown of the nesiodistal direction is of the desired |length could be
obt ai ned. Ther é¢@%2! for exanple, if a tooth in which the width of the

tooth crown of the nesiqdistal direction i.s approxinmately pmis to be
produced, the FP? ssiteé’epg %Tg%‘?‘éﬁh?% aaﬁ&“?ﬁé%é(cg%atyé@? O&gﬁéﬁ‘dg%‘érﬁﬁy be
oL % o ShSS! coLTL Shane. ca0d.a convadi Lengthol heearlel o
pn1anq 13%% @Branged in close contact inside a support carrier by
changing.a contact length of one direction of the first cell
aggregate and the second cell aggregate, and then the step of
culturing each of the plurality of types of structures inside
the support carrier can be executed according to the
above-mentioned explanation of the arrangement step, the
culturingstep,andthemethodforadjuétingthecontactlength”
[0053]
The correlation between the contact length and the length
of one direction of the tooth can be found according to a
well-known method or a method conforming to the same. For

example, various graphs expressing the relationship between
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[ 0067] The nethod for controlling a contact |ength of the al nost
col um-shaped first and second cell aggregates can be perfornmed according
to the al ready explained nethod. Furthernore, instead of preparing a cel
aggregate having the desired length in the axial direction, a plurality of
types of structures in which the al nost colum-shaped first cell aggregate
and the second cell aggregate are arranged in close contact inside a
support carrier nmay be produced, a contact |length of the axial direction of
both cell aggregates may be neasured, the structure in which the neasured
contact length is the desired length may be sel ected, and the structure may
be passed through the culturing step. The neasurenent of the contact |ength

o068 B RPN oTEraE B hg ST hee HoCR SR APaRig £ LRE pr econt

invention includes: \a @éepbgf arr%%% ng a first 0%5!69 regat e aﬁg a second
e /

cel | aggF@ﬁg e‘%%ﬁ%HS ¥espeé¥$¥% y.ofOEi?hefngﬁé of §%n6ﬁ§ﬁa el l's and

epi thel i gl jcelLa, gl 838, CON AL dNRie: A SUAPLLaCaL | Rlsgand sacatep of

culturing the first and secon aggregates inside the support carrier,
wherei n theiexafumecertackd enghbhc i rhBeef i et gekLraggresat erapdet he

second cell aggrégate is equal to or less than the predeterm ned val ue.
[0069] contact lengthprovidingthe lengthof one toothmay be examined,
and the range of contact length providing the size of a
predetermined tooth may be determined.

[0054]

The step of calculating a contact length of the first
cell aggregate and the second cell aggregate regquired for
obtaining a tooth having a desired length in one directibn based
on the acquired correlation can be executed by inserting the
acquired size of the tooth in the above-mentioned formula and
graph.

[0055]

Inthisway, afterdetermining the required contact length,
a tooth with the desired size can be obtained by arranging the
first cell aggregate and the second cell aggregate at the desired
contact length in close contact with each other inside the
support carrier under almost the same conditions as the
above-mentioned arrangement step of the plurality of types of
structures, and then performing a culture under almost the same

conditions as the above-mentioned culturing conditions of the
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When an unexpected tooth aggregate was obtained according to the nethod for
Patent Literature 1, the present inventors figured out that by controlling
a contact length of the first and second cell .aggregates, and by
controlling the size of a tooth, a single tooth with good reproducibility
can be obtained. This is probably because the first enanel knot that
stipulates the nunber of teeth fornmed fromthe tooth germis not fornmed in
a nunber nore than one within the predeterm ned distance. If a single tooth
can be produced, there is no need to performisol ation before transplanting
the acquired tooth. [0070] It is noted that in the nethod for
produci ng a single tooth according to the present invention, the "nmaxinmm

cont act refers to the_l epgth of the | ongest ralght line from
anong th@ﬁggﬁgﬁﬁﬁtqﬁrﬁ%??%c?EdEHgPﬁtPﬁésconﬁ&E su@i&ﬁ??ﬁtQ%es?T?st cel

h d E f th
Tothon 1 PEBPGUREPRG S SF P e TOaPREACCOTH Wy 5 P 6B n?“%g‘?{f‘? on 15

iAveEntion is
applied 18,3 0pUSGen brcnoqtna tnd d %*1911& OJTOI"I: h.fahr{'ﬂ %%{glgeedco‘p

aggr egat €s i § prefer to or ess %épreferably

equal tOr%rb@ﬁ%lb@@&t%%eﬁ%hétcbﬁt&@EethB% EBesEQHEéCEhéesE‘Q&@ i's
preferably equal to or 'nore than 100 pm and nore preferably equal to or

nore t hamn208e RPraHR ettt QEEpla@’ftgt::ﬂl(t@'}lt?l% seabridd edragrendindgehe the

al ready nenti oned
contact length, and in the arrangement step and culturing step
for producing a tooth having a desired length in one direction,
it is desired, for example, that the culturing conditions, such
as the type of the support carrier, temperature, constitution
of the medium, and location of the culture (whether an organ
culture or ah in vivo culture) be the same.

Furthermore,whenarrangingthefirstandthesecondcell

aggregates inside the support carrier, it is desired that a
contact length of the part expected to form the'position.that
must have the predetermined length in the tooth to be generated
in the future be the length calculated above. Those skilled
in the art can appropriately determine which directions of the
contact surface of the first and second cell aggregates will
become which directions ih the tooth to be generated in the
future. For example, when.producing a molar tooth in which
the length A of the.mesiodistal direction is longer than the
length B of the buccolingual direction, the contact surface

of the first and second cell aggregates must be generally
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description. [0072] In the present invention, a single tooth refers
to the structure of tooth that can be transplanted into a living organism
which is characterized by the presence of a tooth crown, dental root,

dental pulp, and dentin forned in continuity, with a periodontal bone and
an al veol ar bone forned around each tooth. Those skilled in the art can
easily find the nunber of produced teeth. [0073] A net hod for
recovering a tooth mssing part within an oral cavity according to the
present invention includes a step of transplanting a tooth produced by the
met hod for producing the tooth, according to the present invention into the
tooth mssing part. According to. this nethod, a tooth matching the si ze of

- the nissin%Fpart can be produced and transplanted [ 0074] t he
met hod f G ECEEA ngaa It bot H RELT 7g PaFtShi tHFR e &Pataﬁvﬂeygaecord. ng

to the pr i nv.e bIe to pl tooth germor a

tooth in 2\'?3 §Hage ehsat ensg B‘r@d&@e % rtef‘Fel ‘dsgij% ath]o%naccordl ng to

t he present |nY SEF If the formati on of the tooth crown can be seen, it

is preferable t ace the tooth crown on the inner side of the oral

cavity. . Another aspect of the method for producing a tooth having
a desired length in one direction according to the present
invention includes: a step of producing a plurallty of types
of structures in which the almost column-shaped first cell
aggregate and the second cell aggregate composed respectively
of either one of meeenchymal cells and epithelial cells are
arranged in close contact inside a support carrier such that
the axial direction of each column is parallel by changing a
contact lengthof the axial directionof the first cell aggregate -
and the second cell aggregate; a step of culturing each of the
plurality of types of structures inside the support carrier;
a step of measuring the length of the one directiocn of the tooth
produced in the preceding step so as to determine a correlation
between the contact length and the length; and a step of
calculating, based on this correlation, a contact length of
the f.irst.cell aggregate and the second cell aggregate required
for obtaining a tooth having a desired length in one direction.
[0057]
The step of producing a plurality of types of structures

withdifferent contact lengths andthenperforming the culturing
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If the formation of the tooth crown cannot be seen, it is preferable to

arrange the epithelial cell layer of the corresponding part of the tooth
crown or the epithelial cell layer of the reconstructed tooth germtowards
the inner side of the oral cavity. Furthernore, it is preferable to arrange
t he open part of the epithelial-nmesenchymal cell |ayer of the reconstructed

tooth germon the opposite side of the inner side of the oral cavity. In
this way, the tip of the tooth (the tooth crown) is towards the inner side
of the oral cavity and has the sane directionality as the surroundi ng
teeth. [0075] The mssing part inplies a part arranged in the guns
due to the loss of teeth, and its shape is not particularly limted. As

| ong as the rﬁgenerated t ooth germor tooth _can here_are no

| _ qoth can be epedded, there,

parti cul 8FSF nF 88t i Yhs CHeErH ng 39 Hisi §G p&Pt af O‘t’ﬂe‘“‘t?éém&? t he
desired t.Qot.h. - T 1 SSI i [1.y. . t t i b
dest 1o Lo noion.of IFR L SFARRRRNL Lechistalll sbatad.at sbheylaw bone

tooth lo if Y] e a d rd.Qrat: : | - known
ﬁ%’tt ogdk{agra?ég@é)éﬂ o cgfxﬁéctﬂ %%ﬁ%%. epEsed]e%c%%‘éd pYEL!

clinical ne regeneration t he to facilitate enbeddi ng of the

i mpl ant, tpchogscthei GhR EBLBEE K3 dogl b ssuaRagensy atieonknfgRy be used
for the mssing part to increase the bone mass. After positioning the

tooth gepmeodirBettiontdr ithd kodkavichy, beteksroseéenabtie a dostutlahothe site
according to the normal process. [0076] In the nmethod for recovering
a tooth praphng gat ttet hengeheforEhe cavhtycacdemditiy poothdinpy eskat

i nvention, the animal on which the transplant is to be perforned nust

pr ef er abpyelde tefrmimedshaetk parigsh gant hdsofvodelsirotinegde t Bol hogenen used
for producing of tooth is extracted, and nore preferably nust be the sane

i ndi.vi du&bigs eHANTFOMIGROER A DL SFerifli 2 @A 46€d2INEATRFSS such as
human bei ngs,, cows, horses, pigs, dogs, cats, and m ce can be used as the
ani mal . N@ﬂyﬁéﬁﬁhﬁgrn%Qt%}%Bﬂ%éiG§§&; having a desired length in one -

direction can be determined based on theée correlations.

[0058]

Inthe present invention, the “almost column shape” refers
to an elongated shape extending in one direction, such as an
almost.cylindrical shape and an almost prismatic shape. If
the cell aggregate is a tissue, the tissue may be formed in
an almost column shape and then arranged inside the support
carrier. Furthermore, if the cell aggregate is cell mass, for
example, thetipof theneedleof amicrosyringe canbepositioned
inside the support carrier, and the cell mass can be arrénged
in an almost cylindrical shape inside the support carrier by
extruding the cells while moving the tip of the needle.

[0059]

Inthisway, afterdetermining the required contact length,
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[ 0077] Furthernore, the present invention also provides a nethod for
designing a nethod for producing a tooth having a desired |ength in one
direction under a predeterm ned condition. "Predeterm ned conditions"” inply
conditions where the support carrier, nedium and the culturing method have
been identified. By executing under the predeterm ned condition, the
produci ng net hod desi gned according to the nethod for designing a nethod
for producing a tooth having a desired |l ength in"one direction under a
predeterm ned condition, a tooth having a desired length in one direction
can be obt ai ned. : The above-nenti oned desi gni ng net hod according to
the present invention includes a nethod for determ ning, when the first

cell aggregate and the second cell aggregate conposed respectively
ei ther oRe“¥FHrBSFACHER S9! SRg- & it FeFicHiT i ﬁ?‘%bz%?]aﬁ@é’ae?in cl ose

tact d t bot h || t
whi ch | s Vo PRR PO IS BHIEPHG A TP GO Fe g CthGe bt GREEPR fed Tengt h |
one di re%thl Oé‘l cond ]gelllfoéi % tg}p%j %91';: fq%tférg%{ﬂ ?g il%%ecggﬁé‘g&tl engtE

i ncl udes: a plural i structures in whi

the fi rsnvﬁ:%' lefl%a%%a@&elﬁeq khensecq %g‘f%' Ica?'QQEe?gﬁh@eS}ogEH@@g the

respectlvely of either one o nmesench I's and epithelial cells are

arr ange@ain@ £bA8EL LORE G th@sa&af@-nsémppcsﬂe&@&rﬂa@lrgemén%h@@gpw gneont act
| ength of the predeterm ned one direction of the first cell aggregate and

“the secompdueellli t808f egaled; of stsirft udfe L ubhbrdHih paebhoshihea phutakety of
types of structures inside the support carrier; a step of nmeasuring the

| engt h ofundiee ditrectt onhef theet eoildlipriecscedsi ntitcheaporeeedengishe@ so as
to determine a correlation between the contact | ength and the size of the
toot h; amdlaugtieyy opndaktahatdhdhesbadedadn tvhef curped atfi shruatvovasact
Iength of the first cell aggregate and the second cell aggregate required
for obtaining &0¢®®th having a desired length in one direction. [0078].
Furthernore, the present inventjion also provides a nethqod for de5|gn|ng t he

met hod for pr oG acsPRGite oofReuMEE st etiet e PHOHEE 188N t FBRS

according to the present invention is a method for producing
amolar toothhaving a desired length in amesiodistal direction
and/or a buccolingual direction, énd includes: a step of
producing a plurality of types of structures inwhich the almoét
column-shaped first cell aggregate and the secondcell aggregate
composed respectively of either one of mesenchymal cells and
epithelial cells are arranged in close contact inside a support
carrier such that the axial direction of each column is parallel
'by changing a contact length of the axial direction and/or a
contact length of the direction perpendicular to the axis of
the first cell aggregate and the second cell aggregate; a step
of culturing each of the plurality of types of structures inside

the support carrier; and a step of measuring the length of the
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The above-nenti oned desi gning net hod according to the present invention

i ncludes a nethod for determ ning, when the first cell aggregate and the
second cell aggregate conposed respectively of either one of nesenchynal
cells and epithelial cells are arranged in close contact inside a support
carrier, the maxi mumcontact |ength of both cell aggregates, which is
requi red for producing a single tooth. Furt hernore, the nethod for
determ ni ng the nmaxi mum contact |ength includes: a step of producing a
plurality of types of structures in which the first cell aggregate and the
second cell aggregate conposed respectively of either one of nesenchynal
cells and epithelial cells are arranged in close contact inside a support

carrier by_chanp t he_ max ontact length of the first, K c gregate
and the Shigniioarl BHGPEGat e LRobERCERInH TERY gt CRENTOFLERES RO Al Ly

Che. numbER 6 L BB B BHSIoTROPRT BRBGH HE 51 @b 20 ad s 6SHBT B AR no 1 he
rexi mum copg agl L enghin ol ¢ I LESL 88! L AROECORSAd Lheaspeopdfel |

aggregat e required for obtaining a sing oot is noted

that t heaher@ﬁe ll%‘%%thﬁ&@'tfheaﬁ\@s%é@gs%QL%Pf@é @l@p %@e@ﬂlé o 189HedberNt, and
are not intended to limt the invention. Mbr eover, the term

"includeandyed BeceirelStidhendedeta &E@BﬂEQ@fpl@ﬁ@ﬂﬁep@fpénaﬁ&ﬁﬁér
descri bed (nmenber, step, elenent, nuneral, etc . ) except for a case where

a dif fetenthendeﬁstandingesmeubdnbefexeé0beedonnngugmtdmfecombﬁxbf and
does not exclude the presence of a matter other than the above-descri bed
mat t er (rfkebewlast épotdl.emrent, nuneral, etc. ) . Unl ess there is a
different definition, the terns used hereln (i ncl udi ng technical terns and
scientific terh%96bhrry the sane neaning as that w dely understood by those
skilled in the art to which the present _invention belongs. The terns used
herei n shoul d »% 9AEF Rt P& caﬁp?rﬁﬂéyne]aﬁi:ﬁ\gs?nt%%t"‘a{dttqufh’abel n the

pr esent | ated technical field i fferent

f dth nl
e 1 i 1| SRS T R S5 ovP et g artm%thtlﬁe]soen%%aﬁanﬁf fsdkheel Ted
t d f t
Qﬁrer'enaﬁr%nﬁ%em#nmoadﬁﬁaﬁe PFERReh] S R T A spante i ROFERET ence Lo
a Schema&ac Hgshag&d when e a‘ﬁguce oca% 9%&&&@&@&%@@

exaggerate exp nat| be intro for e purpose of an explicit
eXplanathﬂQectlon can be controlled.by controlllng the contact length

in the axial direction, and the width of the tooth crown in
the buccolingual direction can be controlled by controlling
the contact length perpendicular to the axis.

[0062] .

A contact length of the axial direction and a contact
length perpendicular to the axis may be changed with any method,
for example, the length of the column-shaped cell aggregate,
the diameter, and the distance between the axes of both cell
aggregates may‘be changed. If the cell aggregate is a tissue,

then by forming it into the desired diameter and length before

52



Terms of "first", "second", etc., are used to express various el enents, and
it is understood that these elenents should not be Ilimted by the terns.
These ternms.are used nerely to distinguish between one el ement and anot her
el ement. For exanple, it is possible to describe a first elenent as a
second el enent, ‘and simlarly, the second elenent as the first el enent,

w t hout departing fromthe scope of the present invention. [0080]

Even in the above-nentioned desi gning nethod, the nmesenchymal cells and
epithelial cells can be derived fromany tissue of a living organismas-
long as a regenerated tooth can be prepared fromthe reconstructed tooth
germ formed by using these cells. Preferably, at |east one of these cells

nmust be derived fromthe tooth g g% and nore preferably, both these cells
nust ‘be @&HARGETT GRSERE FBStﬁu@%? FopR1§r . and thedy ecdamstdng the pr esent
invention w,ll, be exEIal in detail withr ereﬁ&e to exangles However ,

t he preséﬁFlﬁH§Hh9P8 A D E UERESE SUTFACYar g&& 1enAtEHE fREsent
hQZﬁP.t | O%oaaul N0t he, LN ETREELEA (8% LAY chl PLUBUnkE G X8 RhES
axis can be changed. Furthermore, if the cell aggregate is
a cell mass, for example, whenpositioning it inside the support
carrier with the help of a micro syringe, the diameter of the
cell aggregate can be changed by changing the diameter of the
needle, and by changing the distance in which the tip of the
needle is moved inside the support carrier, the length of the
axial direction of the cell aggregate can be_.changed.
Furthermore, after arranging one cell aggregate, by adjusting
the position in which another cell aggregate is arranged, the
distance between the axes of both cell aggregates canbe changed.
By reducing the distance between both axes such that they are
pressing against each other, the contact surface of the cell
aggregate becomes generally larger, and in this way, a contact
length of the axial direction and a contact length of the
direction perpendicular to the axis can be changed.
[0063] |
Besides these, the arrangement step, culturiﬁg'step, and
.the steps of determining the correlation between the various
lengths can be performed according to the earlier-mentioned

methods.
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(1) Preparation of Tooth Germ Epithelial Cells and Tooth Germ Mesenchynal
Cells The tooth germwas reconstructed to forma tooth. A nouse is
used as the experinental nodel. From an enbryo (at the fetal age of
14.5 days) of C57BL/6N nouse (purchased from Japan SLC, Inc . ) , a

mandi bul ar nol ar tooth germtissue was renmoved under the mcroscope by a
conventional nethod. The mandi bul ar nolar tooth germtissue was washed with
Ca2+, My2+-free phosphate buffer (PBS (- ) ) , and treated at room
tenperature for two mnutes with the enzynme solution which is PBS(-)

suppl emented wwth 50 Um (final concentration) Dispase (manufactured by
BD, Massachusetts, USA) . This was followed by washing with DVEM
(manufactured by Sigma, St. Louis, MO supplenented with 10% FBS

(manuf act ur ed B?\;O‘?‘hﬁitrogen, Carl sbad, CA) three times. Subsequently, a

DNase | solution (manufactured by Takara, Shiga, Japan) was,k added to a
final concentri®i'dh-HM®R0 GFHHeH §hicdPEred'd Re P tg)éFth?Psg e“P8nd the

oot SeLmigh (el e 200 RO AR mABSEnC e d et

. 1 1lrecC
sur gi cal By 'Separated Usi ng a inj ection Re manut act ur e

Tokyo, J%%e ndicular to £A8 ab?%ﬁ ,Q?Qrgglgﬁfg%%g'ﬂaahﬁé 3% "%ﬁ%@%ﬁ@ﬁ Wi th

PBS(-) t tines, and treate m nutes wt zynme

sol ution ;whi ¢h diS$RBS A1 giredt$s8l MR Y4 E%&@@oﬂﬂ@%ﬁ kiulaiectqwsaﬁr ation)

Col | agenase | (manufactured by Wrthington, Lakewood, ), and this process
was repealecdniwiaed dheneelhgi nioge predqy tallenteshaeeeveiedtt Bedugh
centrifugation were treated at 37C for ten mnutes with the enzyne sol ution
whi ch i s adB%egrtdi andl tiesl seiddnd c23% dpypsgatéfanahe apnenctal eng)h

(manuf actured by Signma). This was foll owed by washing cells with DVEM
(manuf actiur eddse Sogmaytsupphemenhedtivetrhi169%EBShénmanppact usadr bgr

I nvitrogen) three tinmes. Subsequently, a DNase | solution (manufactured by
Takara) waslegddetmest a thiena$amencomdddticns ods 701y npbevetReneePr8d and a
suspensi on of the tooth germepithelial cells separated with pipeting was
obt ai nedarrangemeny fRePdhéhidr atHE vt 86t FYRRY RimSSEMERHER t PRSue was

hedwith PBS ( - ) .th ti , dt ted at 37C f Q0 ,_m nut ith
the anzy RP<SbPGEEBRMARPCH S5 PES (HAOF BF BSOFvalP T ZOBCHERP I fhal

T

further t M AUt €S "W suppl émne

Trypsin I i.gnma) and 100 U m Col | agenase | (rmanufactured by
Wor t hi ng'gtgﬁ{%g %&L%&%ﬂ%ﬁ'ﬂr&% 70 Ul DNase | solution (manufactured by

Takar a) was adg@&%é obtain a suspension of the tooth germ nesenchyt nal
cells separated wth pipeting.
Furthermore, another aspect of the method for producing
a tooth having a desired length in one direction according to
the present invention includes a stép of arranging the firsf
and the second cell aggregates in close contact in an almost
column shape in the arrangement step such that the axial
direction of each column is paraliel, and a contact length of
the axial direction.of the first and second cell aggregates

is within the range between plus and minus 25%, preferably +10%

of the above-mentioned desired length.
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[0083] (2) Preparation of Reconstructed Tooth Germ Next, a
reconstruction of tooth germwas carried out using the above-prepared tooth
germepithelial cells and tooth germ mesenchynmal cells. Ina 1.5 mM mcro
tube (manufactured by Eppendorf, Hanburg, Germany) to which silicone grease
was applied, tooth germepithelial cells or tooth germ nmesenchymal cells
suspended in DVEM (manufactured by Sigma) supplenmented with 10% FBS

(manuf actured by Invitrogen) were added, and the cells were collected by
centrifugation (for three mnutes at 600xg) as precipitates. The
supernatant of the culture nmediumafter the centrifugation was renoved as
much as possible, and centrifugation was carried out again for three

m nut es at 600xg foll owed by conplete renoval of the culture medi um

r emai ni ng arouh@©¢hk precipitates of the cells under a stereoscopic

CGELoag T 5-20 fact d_by Eppendo
T h petrt i ohe CRTOrsi T esngh&@%@éa”gé‘l‘?v%éﬁ“oé% Aol CBP it ri 1
t I -A f Osaka, J dded_d
to * prepre a-BGF ”reﬁhdicirm% 3hge L uapRRP LY EArr (47T G e @ 6ol ut i on,
t he prec'e%'ltt%te%&%ﬁt 2longd paf Iar%eQEEafn‘é% tian-9hethe hogth ggggﬁgesenchyrml

cells was pl ace quantltatlve am lton syringe (

manuf act yred Hy g‘ﬁ?’%&gg\éuﬁ‘%%ad\“&le %x@é@p&fﬁeé‘tf&la'of TReSch pchig, form of

cylindrical “shap aggregat e sequently, tooth germepithelial

celI's i ndhenetiunba28RuUBl , tthd hend @bl 08 fHEER MR G c@ld gepBhasar ranged
in the sanme way to forma cell nmass such that the respective sides of both

cel | nmassesa abftabt demigatioMthb agdeh i heft sdtlof e dduIhr e6Lu@A. i S
parallel to the cylindrical shaped cell nass of the tooth germ nesenchynal
cel | s pr epatéereare, eit wad fouedarts t ust ek titoiotdh tiper nonas cpr @paged.

After this, the collagen gel drop was solidified by allowing it to stand
for 20 nmitoueppraki®aCelandithen bdred rbeoseentivhent pougaind miswes2hdis nmade
strong. A culture vessel was prepared such that DNENI&nanufactured by

Si gna) s BFSITEFERIY WP TROUPBS L(nahBF &dt bnedasy e eRegen)? F@OFH cont act

with Cell Culture Inserts éPET menbr ane having a pore, size of 0.4 n
manuf act dregt it BRf WicHRe BF?&IOPté“‘cFIF%%ﬂgttﬁ?c?e%l?%b‘i Wb@%ﬁ?ﬁ/’é%on

transferred EFS ngh &r S C% tur%alns rts h e gu re
vessel . 05 € r?% SF o eaetd o5 ur SPREEPE S £R ¢ he
Conventl On%.lmpripét h?& gt tgggh ?1?%1'31%113@& %c&%'of the tooth crown of
themesiodistal directionis approximately Xumis tobe produced,
the first cell aggregate and the second cell aggregate may be
‘formed in an almost column shape, and a contact length of the
axial direction may be set between 0.75X pum and 1;25X um,
preferably between 0.9X um and 1.1X um.
[0067]
The method for controlling a contact length of the almost
column-shaped first and second cell aggregates can be performed
according to the already explained method.

Furthermore, instead of preparingacell aggregate having
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[ 0084] (3) Anal Yzing the Size of the Regenerated Tooth Germwith
Organ Culture The cylindrical -shaped cell aggregates of the epithelial
cell s and' nesenchynmal cells were arranged in contact with each other at a

| ength | ess than 450 =, between 450 pm and 900 pm and between 900 pm and
1500 pmto formthree groups of reconstructed tooth gerns, and a
reconstructed tooth germwas formed 'through organ culture (Fig. 1) . The
contact |ength between both the cell masses was neasured with a phase
contrast m croscope. To anal yze the width of the tooth crown region
of the regenerated tooth germ the width of the tooth crown region that
woul d be the future tooth crowmn marked with the arrow heads in Fig. 2 was
measured on the seventh day of organ _culture in the regenerated tooth germ
usi ng a phsecEdrtrastnghilt iosidepaxithedhpastiefem PhBsRLL 6N 9% taPes shown
with arrows in the photograph on the seventh day in Fig. 1. The
measur emétt ST SF el%H'Hg}nd? Nt P 1BOSFofCAVEBNERRPCLehdTRTI €841t han 450
pm the width of the tooth cro regi on was 366+103. 1pm for, a cont act
Pengt h bESHET 450 PR ARG FO0 Pinc e “WOAERGF The TORTI%T oW “L8GFon vas

S64. 0+103. . a0 L4 2 £RLAR! saatl between 900 pmyand 1590 B the

wi dth of the tooth crown regron was Ir's’indicates that the

| onger the£omt a¢t chength,of af Pecepbhhstigbeceld: g gfaeteagﬁ%ageﬁsnchy"a'
cell aggregate during the formation of the reconstructed tooth germ the
wi der thend=@eiteLr @M E€@LBRAure in which the measured contact length
is the desired length may be selected, and the structure may
be passed_through the culturing step. The measurement of the
contact length can be done, for example, by observing through
a.phase contrast microscope.

[0068]

A method for producing a single tooth according to the
present inventibn includes: a step of arranging a first cell
aggregate and a second cell aggregate composea respectively
of either one of mesenchymal cells and epithelial cells in close.
contact inside a support carrier; and a step of culturing the
first and second cell aggregates inside the support carrier,
wherein the maximum contact length of the first cell aggregate
and the second cell aggregate is equal to or leés than the
predetermined value.

[0069]

When an unexpected tooth aggregate was obtained according

to the method for Patent Literature 1, the present inventors
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on the regenerated tooth germ : Furthernore, Fig. 4 is a scatter
chart of the neasured values of the contact |ength and the width of the
crown region, and linear approximation is performed for the straight |ine
inthe figure with the | east square nethod. The fornula expressing the
straight line was y = 0.7114x+ 133.95. [0085] ~ (4) Analyzing the Size
of the Regenerated Tooth by Subrenal Capsul e Assay From an

ei ght -week ol d C57BL/ 6 nobuse under anesthesia, the hair on the back Iocated
on top of the kidneys was shaved, the skin and the peritoneum were cut open
to about 1 cm and the kidneys were renoved using ring tweezers

(manuf actured by Natsume, Tokyo, Japan) . The subrenal capsule was cut open
by 2 to 3 mmusing a blade (manufactured by Feather, Tokyo, % In t he
space beﬂc-\k@élﬁefih@ukl%%/?Yaﬁﬁ’nttlﬁ@lé&ﬁﬁgeﬁa?o%ﬁﬁgﬁI]een‘-l’ﬂ’é Otfhlté‘é g Tos

reconstructed tooth nse with different contact |e as .sho in
exanpl e 2§ ﬁ&FBnPnggfieﬂg%f?%aE%?ié§%£3ﬁﬁﬂcoﬁﬁn$ Jd%%§§“h§ﬁ§epP c@d back,

and the nus é’ sgﬁgiilng k&ft o%d%é :&99 ¢ibili Xg%xgggﬁﬁfﬁg&?d tooth

was EXtFSSPe ay arter subrenal cap SU assa

T T
using a sher aameari 6f M EEO8CAPANed from the tooth germ is not formed
in a nuﬁber more than one within the predetermined distance.
If a single tooth can be produced, there is no need to perform
isolation before transplanting the acquired tooth.
[0070] |
It is noted that in the method for producing a single
tooth according to the present invention, the “maximum contact
length” refers to the length of the longest straight line from
among the straight lines included in the contact surface of
the first cell aggrégate and the second cell aggregate.
[0071]
Furthermore, if the method for producing a single tooth
according to the present invention is applied.to a mouse/ a
contact length of the first and second cell aggregates 1is
preferably equal to or less than 3000 pm, and more preferably
equal to or less than 1500 pm. It is noted that the contact
length is preferably equal to or more than 100 pm, and more
preferably equal to or more than 200 um. The contact length

can be controlled according to the already mentioned
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The measurement results are shown in Table 1. [Table 1] IA Contact |ength
I n reconstructed tooth germ pm Actually- neasured val ue of crown w dth of
regener_ated tooth (pn) Difference in tooth crown . size; (B-A(pm

description.

[0072]

In the present invention, a single tooth refers to the
structure of tooth that can be transplanted into a living
organism, which is characterized by the presence of a tooth
crown, dental root, dentalpulp, anddentinformed incontinuity,
with a periodontal bone and an alveolar bone formed around each
tooth. Those skilled in the art can easily find the number
of produced teeth.

[0073]

A method for recovering a tooth missing part within an
oral cavity according to the présent invention includes a step
of transplanting a tooth produced by the method for producing

" the tooth, according to the present invention into the tooth
missing part. According'to_this method, a tooth matching the
size of the missing part can be produced and transplanted.

[0074]

In the method for recovering a toothrﬁissihg'part within
anoral cavityaccording to the present invention, it is possible
totransplant a toothgermora tocth inany stage that is produced
in_the producing method according to the present invention.
If the formation of the tooth crown can be seen, it is preferable

to place the tooth crown on the inner side of the oral cavity.
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D fference percentage; IS A/Ax100(% .437.91 482.29 44.38 10.13 ;410.77
529.76 118.99 ' .

If the formation of the tooth crown cannot.  be seen, it is
preferable to arrange the epithelial cell layer of the
corresponding part of the tooth crown or Ehe epithelial cell
layer of the reconstructed tooth germ towards the inner side
of the oral cavity. Furthermore, it is preferable to arrange
the open part of the epithelial-mesenchymal cell layer of the
reconstrﬁcted.tootilgermcxlthe opposite side of the inner side
of the oral cavity. In this way, the tip of the tooth (the
tooth crown) is towards the inner side of the oral cavity and
has the same directionality as the surrounding teeth.

[0075]

The missing part implies a part arranged in the gums due
to the loss of teeth, and its shape is not particularly limited.
As long as the regenerated tooth germ or tooth can be embedded,
there are no particular limitations concerning the missing part
and the type of the deéired tooth.

The missing part is usually located at the jaw bone or
the alveolar bone inside the oral cavity. Furthermore, along
with the tooth 1oss; if the alveolar bone mass has also
deteriorated, a well-known clinical method for regeneration
of the bone to facilitate embedding of the implant, such as
the GTR method (Guided Tissue Regeneration) may be used for

the missing part to increase the bone mass. After positioning
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28.97 £318.30 317.34 (1.04) 0.33 1336.77; 386.35 49.58

the tooth germ or the tooth in the cavity, it is preferable
to stitch the site according to the normal process.

[0076] |

In the method for recovering a tooth missing part within
the oral cavity according to the present'invention, the animal
on which the transplant is to be performed must preferably be
of the same species as that from which the tooth germ used for
producing of tooth is extracted, and more preferably must be
the same individual as that fromwhich the toothgermisextracted.
Mammals, such as human beings, cows, horses, pigs, dogs, cats,
and mice can be used as the animal. Non-mammals may also be
used.

[0077]

Furthermore, the present inventionalso provides a method
for designing a method for producing a tooth having a desired
length in one direction under a predetermined condition.
“Predetermined conditions” imply conditions where the support
carrier,medium,andthecﬁlturingmethodhavebeenidentified.
By executing under the predetermined condition, the producing
method.designed.according to the method for designing a method
for producing a tooth having a desired length in one direction
under a predetermined condition, a toothhavingadesired length

in one direction can be cbtained.
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14. 72

1460. 00 491.92 31.92 6.94 619.87 762.57 142.70

The above-mentioned designing method according to the
present invention includes axnethod for determining, when the
first cell aggregate and the second cell aggregate composed
respectively of either one of mesenchymal cells and epithelial
cells are arfanged in close contact inside a support carrier,
a.eontact length of both cell aggregates, which is required
for producing a tooth having the predetermined length in one
direction.

Here, the method for determining the contact length
includes: a step of producing a pluraliey of types of structures:
in which the first cell aggregate and the second cell aggregate
composed respectively of either one of mesenchymal cells and
epithelial cells are arranged in close contact inside a support
cerrier by changing a contact length of the predetermined one
direction of the first cell aggregate and the second cell
aggregate; a step of culturing each of the plurality of types
of structures inside the support carrier; a step of measuring
thelengthofonedirectionofthetoothproducedinthepreceding
step so as todetermine a correlation between the contact length

and the size of the tooth; and a step of calculating, based

onthecorrelation,acontaetlengdtofthefirstcellaggregate

and the second cell aggregate required for obtaining a tooth

having a desired length in one direction.

61



23.02 549.87 578.28 28.41 5.17 1295.25 387.88 92.63

[0078]

Furthermore, the present inventionalso provides a method
for designing the method for producing a single tooth under
predetermined conditions.

The above-mentioned designing method according to the
present invention includes a method for determining, when the
first cell aggregate and the second cell aggregate composed
respectively of either one of mesenchymal cells and epithelial
cells are arranged in close contact inside‘a support carrier,
the maximum contact length of both cell aggregates, which is
required for producing a single tooth.

Furthermore, the method for determining the maximum
cgntact length includes: a step of producing a plurality of
types of structures in which the first.cell aggregate and the
second cell aggregate composed respectively of either one of
mesenchymal cells and epithelial cells are arranged in close
contactinsideasuppdrtcarrierbychangingthemaximumcontact
lengthofthéfirstcellaggregateandthesecondcellaggregate;
a step of culturing each of the plurality of types of structures
inside the support carrier; and a step of measuring the number
of teeﬁh.produced in the preceding step so as to determine the
maximumcontact lengthof the first cell aggregate and the second

cell aggregate required for obtaining a single tooth.
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31. 37

1446. 70 459.61 12.91 2.89 145.8.72 490.37 31.65

[0079]

It is noted that the terms used h;arein are used to éxplain
a specific embodiment, and are not intended to limit the
invention.

Moreover, the term "include" used herein is intended to
meanthe;mesencecﬁfamatterdescribed(member,step,element,
numeral, etc.) except for a case where adifferent understanding
should be exercised in light of context, and does not exclude
the presence of a matter other than the above-described matter
(member, step, element, numefal, etc.).

Unless there is a different definition, the terms used
herein (including technical terms and scientific terms) carry
the same meaning as that widely understood by those skilled
in the art to which the present invention belongs. The terms
used herein should be interpreted to carry the meaning integral
to that in the present specification and the related technical
field, unless a different definition is explicitly provided,
and thus, these should not be idealized nor interpreted in an
excessive perfunctory meaning.

There is a case whereanembodiment of the present invention
is explained with reference to a schematic drawing, and when
the schematic diagram is employed, an exaggerated explanation

may be introduced for the purpose of an explicit explanation.



6.90 1511.48 402.97 (108.51) 21.22 384.75 502.64 117.89

Terms of "first", "second", etc., are used to express
variouselements, andit isunderstoodthat these elements should
not be limited by the terms. These terms are used merely to
distinguish between one element and another element. For
example, it is possible to.describe a .first element as a second
element,andsimilarly,thesecondeleméntasthefirételement,
without departing from the scope of the present invention.

[0080] |

Even 1in the above-mentioned designing method, the
mesenchymal cells and epithelial cells can.be derivéd.from.any
tissue_of a living organism as long as a regenerated tooth can
be prepared from the reconstructed tooth germ formed by using
these cells. Preférably, at least one of these cells must be
derived from the tooth germ, and more preferably, both these
cells must be derived from the tooth germ. |

[(0081]

Hereinafter, the'present invention will be explained in
detail with reference to examples. However, the present
invention can be embodied in various modes, and the present
invention should not be interpreted as being limited to the
examples described herein.

[Examples]

[0082]
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30.64 426.23 468.40 42,17 9.89 1924.66 1017.47 92.81

.(1) Preparation of Tooth Germ Epithelial Cells and Tooth
Germ Mesenchymal Cells

The tooth germ was reconstructed to forma tooth. A mouse
is used as the experimental model.

From an embryo (at the fetal age of 14.5 days) of C57BL/6N
mouse (purchased from Japan SLC, Inc.), amandibular molar tooth
germ tissue was removed under the microscope by a conventional
method. The mandibular molar tooth germ tissue was washed with
ca®*, Mg®*-free phosphate buffer (PBS(-)), and treated at room
temperature for two minutes with the enzyme solution which is
PBS(-) supplemented with 50 U/ml (final concentration) Dispase
(manufactured by BD, Massachusetts, USA). This was followed
by washing with DMEM (manufactured by Sigma, St. Louis, MO)
supplementedwith 10% FBS (manufactured by Invitrogen, Carlsbad,
CA) three times. Subsequently, a DNase I solution
(manufactured by Takara, Shiga, Japan) was added to a final
concentration of 70 U/ml to disperse the tooth germ tissue,
and the tooth germ epithelial tissue and tooth germ mesenchymal
tissue was surgically separated using a 25 G injection needle
(manufactured by Terumo, Tokyo, Japan).

The tooth germ epithelial tissue was washed with PBS(-)
three times, and treated at 37°C for.30 minutes with the enzyme

solution which is PBS(-) dissoclved with 100 U/r_nl (final
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10. 04 11020.24 1240.64 220.40 21.60 996.84 979.63. (17.21)

concentration) Collagenase I {(manufactured by Worthington,
Lakewood, NJ), and this process was repeated twice. The cells
whose precipitate was recovered through centrifugation were
treated at 37°C for ten minutes with the enzyme solution which
is PBS(-) dissolved with 0.25% Trypsin (final concentration)
(manufactured by Signma) . This was followed by washing cells
with DMEM (manufactured by Sigma) supplémented with 10% FBS
(manufactured by Invitrogen) three times. Suksequently, a
DNase I solution (manufactured by Takara) was added to a final
concentration of 70 U/ml to the cells, and a suspenéion.of the
tooth germ epithelial cells separated with pipeting was
obtained.

On the other hand, the tooth.germlneéenchymal tissue was
washedwithPBS(-) threetimes, andtreatedat 37°C for 20 minutes
with the enzyme solution which is PBS(-)dissolved with 100 U/ml
(final concentration) Collagenase I (manufactured by
Worthihgton). This was further treated for ten minutes with
PBS (-) supplementedwith 0.25% Trypsin (manufacturedby Signma)
and 100 U/ml Collagenase I (manufactured by Worthington).
Subsequently, 70 U/ml DNase I solution (manufactured by Takara)
was added to obtain a suspension of the tooth germ mesenchymal
cells separated with pipeting.

[0083]
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1.73 1000.00 1083.81 83.81 8.38 11223.27 1293.17 69.90

(2) Preparation of Reconstructed Tooth Germ

Next, a reconstruction of tooth germwas carried out using
the above-prepared tooth germ epithelial cells and toéth.germ
meseﬁchymal cells. In a 1.5 ml micro tube (manufactured by
Eppendorf, Hamburg, Germany) to whiéh silicone grease was
applied, tooth.gernlepithelial cells or tecoth germ mesenchymal
cells suspended in DMEM (manufactured by Sigma) supplemented
with 10% FBS (manufactured by Invitrogen) were added, and the
cells were collected by centrifugation (for three minutes at
600xg) as precipitates. The supernatant of the cultufelnedium
after the centrifugation was removed as much as possible, and
centrifugationwas carried out again for three minutes at 600xg,
.followed by complete removal of the culture medium remaining
around the precipitates of the cells under a stereoscopic
microscope using GELoader Tip 0.5-20 pl (manufactured by
Eppendort) .

To a petri dish to which silicone grease was applied,
30 pl of Cellmatrix type I—A'(manufactured by Nitta gelatin,
Osaka, Japan) was added dropwise to prepare a collagen gel
droplet as a support carrier. Tothissolution, the precipitate
obtained after centrifugation cf the tooth germ mesenchymal
cellswasplacedquantitativelyusingaHamiltonsyringe(7105KH

PT-3, manufactured by HAMILTON, Reno, NV) to prepare a cell



5.71 1915. 86989. 76 73.908.07 The average val ue of the percentage
expressed by Din the table was 13.03, and the standard devi ati on was

10. 00. Furthernore, the width of the tooth crown obtained by . dividing the
above- nenti oned neasurenent results into three

mass 1in the form of cylindrical shaped cell aggregate.
Subsequently, tooth germ epitheiial cells in the equal amouﬁt
to the tooth germ mesenchymal cells were arranged in the same
way to form a cell mass such that the respective sides of both
cellmassesareincontactwitheachotherandtheaxialdirection
is parallel to the cylindrical shaped cell mass of the tooth
germ mesenchymal cells prepared earlier, and a reconstructed
tooth germ was prepared.

After this, the collagen gel drop was solidified by
allowing it to stand for 20 minutes at 37°C, and the bond between
the two cell masses was made strong. A culture veésel was
prepared such that DMEM (manufactured by Sigma) supplemented
with io% FBS (manufactured by Iﬁvitrogen) is in contact with
Cell Culture Inserts (PET membrane having a pore size of 0.4
pm; manufactured by BD).. The.solidified reconstructed tooth
germ was transferred onto the membrane of Cell Cﬁlture Inserts
in the culture vessel, to carry out organ culture on the Cell
Culture Insert with the conventional method at 37°C, 95% RH,
and 5% CO,.
| | [0084]

(3) Analyzing the Size of the Regenerated Tooth Germ with
Organ Culture

The cylindrical-shaped cell aggregates of the epithelial
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based on a contact length of |ess than 450 pm between 450 pm and 900 pm
and between 900 pm and 1500 pmis shown in Fig. 7. For a contact |ength

| ess than 450 pm the width of the tooth crown was 497+118. 0pm for a
contact .l ength between 450 pmand 900 pm the width of the tooth crown was
727.0+271.4 pm and for a contact |ength between 900 pm and 1500 pm the
width of the tooth crown was 1073.9,-186.0 pm This indicates that the

| onger a contact length of the epithelial cell aggregate and nesenchymal
cell aggregate during the formation of the reconstructed tooth germ the
wi der the tooth crown on the regenerated tooth. Furthernore, Fig. 8
is a scatter chart of the neasured val ues of the contact |ength and the

wi dth of the tooth crown, and |inear approximatjon is performed for the
strai ght SEildé ?%dtW%W@Wﬁﬁlﬁh%elfgﬁtrw énrfé‘?fh%ft THE D 90l a

i th t i ght .|i ' = 0. 7257 272 . 00 5
ol pe R R A Dt n B8 B 1 Qi B e AP A RO WP o
Usi i - i | _ani f Rl GAKU,
okvs & ERNEEG, 6 B obT Pl aBEPaLOR A (BT S CHROYT 3B HLRE Oy R A

was phot ographed 2t o VObEtAUS Bfis 98nd § KVeofbertéiLatd@nbeh 420 - 0
AMth 10 pmiPixel . The results are shown in Fig. 9. Next, the

i mage wagoaneldyzed- g dbrgay] e (tmrf aeiqr ed) by RIGAKShtdOKYyDendapan) , a
3D i mage of the regenerated tooth was taken, and the nunber of cusps of the
r egener atoed wie@of bo s heodal Bthadde sawaenieacd utehgtii hod pHiagecebht nasses of
epithelial cells and nmesenchymal cells during the producing of the
reconst r mdtcewstcogteh germ and the nunber of cusps of the regenerated tooth
generated beneath the subrenal capsule are plotted and the correlation
coefficient isTeatnalyzediha widbngoEokhel aPPbh ¢xoWwRereTORXPEL Ehet ween
the contact |ength during reconstruction and the nunber of cusps, of the
regeneraﬁ@@emﬁéﬁﬁe@REQQF%58FIUFi&helw?QFhTﬁfstﬁﬁd?@&ﬁ@scfﬁﬁﬁ ¥RS8:PBnger a
contact length of the epithelial cells and nesggchynal cells duriag

t h.

reconst r (EEOCUtA&bRe I TfunBRH: 67 Wi tHeE T BER Adraveiet

in Fig. 2 was measured on the seventh day of organ culture in
the regenefated tooth germ using a phase contrast miéroscope.
The measurement position is also shown with arrows in the
.photograph on the seventh day in Fig. 1.
ThemeasurementresultSareshowninPig.3. For a contact
length less than 450 pm, the width of the tooth crown region
was 366+103.1um, for a contact length between 450 um and 900
pm, the width of the tooth crown region was 584.0+103.3 um,
and for a contact length between 900 pym and 1500 pum, the width
of the tooth crown region was 934.9+239.8 pym. This indicates
.that the longer the contact length of the epithelial cell
aggregate and mesenchymal cell aggregate during the formation

of the reconstructed toothgerm, the wider the toothcrownregion



[ 0087] ' (6) Analyzing the Reconstructed Tooth Germ by Changi ng t he
Number of Cells with Contact Length of the Cell Aggregate within a Fixed
Range ' A contact length of the cell masses was set in the range of
300 to 500 pm By preparing a cell mass using a cell suspension of
approximately 0.05 pi capacity with a Ham I ton syringe having an internal
di aneter of 0.330 mm (7105KH PT-3, manufactured by HAM LTQON, Reno, NV) as
used in exanple (2) , and by preparing a cell mass using a cell suspension
of approximately 0.02 p.1 capacity with a Ham Iton syringe having an
internal dianmeter of 0.203 nm (7002KH PT-3, manufactured by HAM LTON) , a
reconstructed tooth germin which the nunber of cells used for the cel

masses was changed was prep pared. The forns of the regenerated tooth germ
and the PBgEREr AEEETEEBERCF SOREG BESM this reconstructed tooth gernlmere

| d by t t hod h
3P3tﬁzgf t%e tf&#gi%ﬁﬁékgrg%ﬂ%%qb$§$%gsféééﬁ§rSgé%tt8£tﬁﬁaépﬁ??%r%%omn in

19 o RIS S cHEsCE oMl LU LapSheal of SapLica shoven 2
Crn ¥, i UL sl tacqhosost b fotag L conscl et o -
regener atigd ROt # gerdn gndnt ke eganar at@da+O0kBLholiC aird formula
'ekpressing the straight iine was'y = 0.7114x + 133.95.
[0085]
'(4) Analyzing the Size of the Regéenerated. Tooth by
Subrenal Capsule Assay
From an eight-week old C57BL/6 mouse under anesthesia,
the hair on the baék located on top of the kidneys was shaved,
the skin and the peritoneum were cut open to about 1 cm, and
the kidneys were removed using ring tweezers (manufactured by
Natsume, Tokyo, Japan). The subrenal capsule was cut open by
2 to 3 mmusing a blade (manufactured by Feather, Tokyo, Japan) .
In the space between the kidneys and the subrenal capéule, the
three groups of reconstructedtoothgermswithdifferent contact
lengths as shown in example (2) were inserted with collagen
gel, the kidneys were placed back, and the muscular coat and
skin were stitched.
The regenerated tooth was extracted on the 21°" day after

subrenal capsule assay. The regenerated tooth that was

extracted is shown in Fig. 6. The part marked with arrow heads
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[Caim1l] A nmethod for producing a tooth having a desired length in
one direction, conprising: a step of arranging a first cel

aggregate and a second cell aggregate inclose contact inside a support
carrier, wherein the first cell aggregate and the second cell aggregate are
respectively conposed of either one of nmesenchymal cells and epithelial
cells; and a step of culturing the first and second cell aggregates
i nside the support carrier, wherein the size of the tooth is

adj usted by adjusting a contact |length of a predeterm ned one direction of
the first cell aggregate and the second cell aggregate. [C aim 2] A
met hod for producing a tooth having a desired length in one direction,
conprising: _. a step of producing a plurality of types of structures

i n whi chifh&ifi-r &t WaEl Feaggredae Gl T s &fotdicc érrtig§reyat 8sapg
arranged in _close contact, inside a support carrier by changing the contact

|l ength of* &Y5rERREHITEY G @ection of the first cell aggregate and the

second cell aggreoate,, YOELSEn L08 LT 8Leoghb,A99hegaLs,2d the second cell
aggregate

[Table 11 . . . B o

A B ' C D

i

% Actually- Difference in

iContact length measured value Difference

. . tooth crown

i1n reconstructed (of crown width ] ‘ percentage;

%tooth germ (um) of regenerated S1zes | B~&]/Ax100 (%)

? tooth (um) (B=A) ()

- 437.91 432,29 44,38 710,13

410,77 529,76 113.99 28.97

:318. 38 317.34 (1.04) 0.33

1336.77. 386.35 ":49.58 14.72

1460. 00 491,92 31.92 6.94

1619.87 762.57 142.780 23.02

549.87 578.28 zg.41 5.17

1295.25 -1387.88 52.53 31.37

%446.70 459, 61 12.91 2.89

1458, 72 4590.37 131.65 6.90

‘511, 48 402. 97 (10E.51) 21.22

'384.75 502. 64 117.89 30. 64

426,23 468. 40 42,17 9.89

924,66 1017. 47 92.81 10,04

%lDZU.24 1240. 64 220.40 21,60

:996.84 9793.63 (17.21) 1.73

11000.00 1083.81 83.81 8.38

1223.27 1293.17 B9, 90 5.71

1915, 86 989.76 173.580 8.07

The average value of the percentage expressed by D in

the table wags 13.03,

Furthermore,

and the

standard deviation was ‘10.00.

the width of the tooth crown obtained by

dividing the above-mentioned measurement results into three
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are respectively conposed either one of nmesenchymal cells and epithelial
cells; a step of culturing each of the plurality of types of
structures inside the support carrier; a step of neasuring the
. length of one direction of the tooth produced in the preceding step and
determining a correl ati on between the length and the contact |ength; and
a step of calculating, based on the correlation, the contact |ength of the
first cell aggregate and the second cell aggregate which i's required for
obtaining a tooth having a desired Ilength in one direction; a step
of arranging the first cell aggregate and the second cell aggregate in
cl ose contact .so as to have the contact length calculated in the preceding
step, inside a support carrier, wherein the first cell aggregate and the
second c&dseghghegaten et r]eﬁsrfﬂé@”t |C\fellﬁiu§oﬁbé§e%15 Bfure) tk??etrwetﬁié 450 pm
mesenchymal cells and epithelial cells; and a p of culturing the
first an&nge@@ﬁdpgblFnégaﬁéﬁéﬁés9OHsPﬂbaPﬁel§@8pHPtl@a?PP&P InCFafm 3]

7. For a contact length less than 450 pm, the width of the
tooth crown was 497+118.0pm, for a contact length between 450
pm and 900 um, the width of the toofh crown was 727.0i271.4
pm, and for a contact length between 900 pm and 1500 pm, the
widfh of the tooth crown was 1073.9+3186.0 uym. This indicates
that the longer a contact lengthof the epithelial cell aggregate
and mesenchymal cell aggregate during the formation of the
reconstructed tooth germ, the wider the tooth crown on the
regenerated tooth.

Furthermore, Fig. 8 is a scatter chart of the measured
values of the contact length and the width of the tooth crown,
and linear approximation is performed for the straight line
in the figure with the least square method. The formula
expressing the straight line was y = 0.7257x + 272.15.

[o086]

(5) Analyzing the Number of Cusps of the Regenerated Tooth
with a Micro CT

ﬁsing a 3D micro X-ray CT for experimental animals
(manufactured by RIGAKU, Tokyo, Japan), the regenerated tooth

.generated with the method shown in (4) was photographed at a

voltage of 90.0kv, electric current of 150.0 Awith 10 pm/Pixel.



A nethod for producing a tooth having a desired length in one direction,
conprising: a step of producing a plurality of types of structures in

whi ch an al nost colum- shaped first cell aggregate and second cel
aggregate are arranged in close contact inside a support carrier such that
the axial direction of each colum is parallel, by changing a contact

| ength of the axial direction of the first cell aggregate and the second
cell aggregate, wherein the first cell aggregate and the second cel
aggregate are respectively conposed of either one of nesenchymal cells and
epithelial cells ; a step of culturing each of the plurality of
types of structures inside the support carrier; a step of nmeasuring
the length of one direction of the tooth produced in the preceding step and
det er ni niTHg ASEHLEE| aFCoF v Wadn Fillfe |%ngth and the contact |ength; and

a step of calculating, based on the correlatjion, the c ntac% | ength of the
first celll ad¥f®gatds ARGICNEIE ARG £oF VYT dgdtE whPeAY %cF‘égﬁ?red for

bt ai ni ' desired th i _di tion, t
of " ar  and¥ i3 EREUal TR ol sndped TIPS Relir GGOe0ALe “EAd"e8EBnd ool
te i t - J1LAsI he. . t ' h
contact TaRgERTaT ALLEHE ~HPelrrEn S aPNET) shE: Foaar et et oRtne

P SR L R A SEhUER A pel SO I 08 sk et

conposed c@fl 1@l tdid pBScabnRsenchyMd eekhsganthe producing of the
reconstructed tooth germ, and the number of cusps of the
regenerated tooth generated beneath the subrenai capsule are
plotted and the correlationcoefficient is calculated, a strong
correlation is seen to exist between the contact length during
reconstruction and the number of cusps of the regenerated tooth
(R?=0.658) (Fig. 10) . This indicates that the longer a contact
length of the epithelial cells and mesenchymal cells during
‘reconstruction, the more the number of cusps in the regenerated
tooth.

[0087]

(6) Analyzing the Reconstructed Tooth Germ by Changing
the Number of Cells with Contact Length of the Cell Aggregate
within a Fixed Range

A contact length of the cell masses was set in the range
0f 300to500um. Bypreparingacellmassusingacell suspension
ofapproximately0.0SplcapacitywithaEmmiltonsyringehaving

an internal diameter of 0.330 mm (7105KH PT-3, manufactured



epithelial cells; and a step of culturing the first and second cel

aggregates inside the support carrier. [Caimd4] A net hod for
producing a nolar tooth having a desired length in a nesiodistal direction
and/ or a buccolingual direction, conprising: a step of producing a

plurality of types of structures in which an al nmost col um- shaped first
cell aggregate and second cell aggregate are arranged in cl ose contact

i nside a support carrier such that the axial direction of each colum is
paral lel, by changing a contact |ength of the axial direction of the first
cel |l aggregate and the second cell aggregate and/or a contact length of a
direction perpendicular to the axis, wherein the first cell aggregate and .
the second cell ‘aggregate- are respectively conposed of either one of
mesenchyREIHAS Y OMn &85t Né| iaf ugep| sn example 4251 @nbPYRITRATHF each of

the plurali of tgpes.of stryctures inside the su

L ort carrjer: a
Step of REGELFiTRET N T¥hdt roor THECRUPAR™ 66t RPRF SOBRHSLH § he2 fibcedi ng
sie 1 LAE-IEBLoghehal ser o AU e gkl bogualy higglen o0 |
and the Lengdhb©f wm (7002KkH PT-3, manufactured by HAMILTON), a
reconstructed tooth germ in which the number of cells used for
the cell masses was changed was prepared. The forms of the
fegenerated tooth germ and the regenerated tooth formed from
'this reconstructed tooth germ were analyzed by the methods shown
in examples (3), (4), and (5).
The width of the tooth crown region of the regenerated
tooth germ is shown in Fig. 11, the width of the crown of the
regenerated tooth is shown in Fig: 12, and the number of cusps
in the regenerated tooth is shown in Fig. 13. Even if the number -
of cells¥ s:chahged by keeping the contact length within a fixed
range, no-significant change was observed in the forms of the

' regenerated tooth germ and the regenerated tooth.



t he mesiodi stal direction of the nolar tooth, and/or a correlation between
the contact |ength perpendicular to the axis and the | ength of the
buccol i ngual direction of the nolar tooth; a step of calculating,
based on the correlation, the contact length of the axial direction of the
first cell aggregate and the second cell aggregate and/or the contact

| ength of the direction perpendicular to the axis which are required for
obtaining the nolar tooth having a desired length in a nesiodi st al
direction and/ or a buccolingual'direction; a step of arranging the
al nost col um-shaped first cell aggregate and second cell aggregate in

cl ose contact inside the support carrier such that the contact |ength of

t he axialcgineciion and/ or the contact length of the direction

per pendi ¢OF&F™Fd the axis is the length calculated in the preceding step
and the axial giyegtipn of each colum is parallel, wherein the first cel
aggregate and e second cell aggregate are respectively conposed of either

one of nmesenchymile it 1%r RGRRIREL 3ot haviahda desired §é-ﬁ‘g?t19f- _
culturing the first and seCond cel|” aggregates inSide the support carrier.
[ d ai m 5 nAcret Aegek@n opr oduabirdsangqot h having a desired | ength
a step of arranging a first cell aggregate and a second
cell aggregateinclose contact inside a support carrier, wherein
the first cell aggregate and the second cell aggregate are
respectively composed of either ene of mesenchymal cells and
. epithelial cells; and
a step of culturing'the first and'second cell aggregates
inside the support carrier,
wherein the size of the tooth is adjusted by adjusting
a contact length of a predetermined one direction of the first
- cell aggregate and the second cell aggregate:
[Claim 2]
A method for producing a tooth having a desired length
in one direction, comprising:
a step of producing a plurality of types of structures
-jxlwhich.the first cell aggregate and the second cell aggregate
are arranged in close contact inside a.support carrier by
changing the contact length of a predetermined one direction
of the first cell aggregate and the second cell aggregate,

wherein the first cell aggregate and the second cell aggregate
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in one direction, conprising: ~a step of arranging an al nost

col um-shaped first cell - aggregate and second cell aggregate in close
contact inside a support carrier such that the axial direction of each
colum is parallel and that a contact |ength of the axial direction of the
first and second col um-shaped cell aggregates is approximtely within the
range between plus and m nus 25% of the desired |l ength, wherein the first
cell aggregate and the second cell aggregate are respectively conposed of

ei ther one of nesenchymal cells and epithelial cells; and a step of
culturing the first and second cell aggregates inside the support carrier.
[ aim 6] The met hod according to claimb5, wherein the step of

arranging the first and the second cell aggregates inside the_support
carrier G3ifpFP§esctively cemreepd 6l PBrvdeerngt ApIRAN3L 6814 aktures in
whi ch the tirst.aqq th_second cel |l aggregates are arranged inside the
support e 13L €€1254 step of measuring a contact |ength of an axial

directi on of thS rst .and. t he.second. cel

gép of culEurlng each of tﬁgg£?995 %fyagg types of
structures inside the support carrier;
a step of measuring the length of one direction of the
tooth produced in the preceding step and determining a
correlétion between the length and the contact length; and
a step of calculating, based on the correlation, the
contact length.of the first cell aggregate and the second cell
aggregate which is required for obtaining a tooth having a
desired length in one direction;
a stepof arranging the first cell aggregate and the second
cell aggregate in close contact so as to have the contact length
“cdlculated in the preceding step, inside a support carrier,
" wherein the first cell aggregate and the second cell aggregate
are respectively composed of either one of mesenchymal cells
and epithelial cells; and
a step of culturing the first and second cell aggregates
inside the support carrier.
[Claim 3]
A method for producing a tooth having a desired length
in one direction, comprising:

a step of producing a plurality of types of structures
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a step of selecting a structure of which the neasured contact length is
approximately within the range between plus and m nus 25% of the desired
length. [Claim7] A nethod for producing a single tooth, conprising:

a step of arranging a first cell aggregate and a second cell aggregate in
cl ose contact inside a support carrier; and a step of culturing the
first and second cell aggregates inside the support carrier, wherein the
first cell aggregate and the second cell aggregate are respectively
conposed of . either one of nmesenchymal cells and epithelial cells;

wherein a maxi num contact |ength of the first cell aggregate and the second
cell aggregate is equal to or less than a predeterm ned val ue.

inWhichanalmostcolumn—shapedfirstcellaggregateandsecond
cell aggregate are arranged in close contact inside a support
carrier such that theaxial directionof eachcolumnisparallel,
by changing a contact length of the axial direction of the first
cell aggregate and the second cell aggregate, wherein the first
cell aggregate and the second cell aggregate.are respectively
composedof eitheroneof mesenchymal cellsandepithelialcells;

a step of culturing each of the pluraiity of types of
structures inside the support carrier;

a step of measuring the length of one direction of the
tooth producéd in the preceding step and determining a
cbrrelation between the length and the contact length; and

a step of calculating, based on the correlation, the

'““ééﬁﬁééﬁﬁiéﬁgthﬁof’thé?firéﬁﬂﬁéfﬁﬁéggfégatéiandfthe'seeond%ce&intﬁﬁff
aggregate which is required for obtaining a tooth having a
desired length in one direction;

a step of arranging the almost cOluﬁﬁ-shaped first cell
aggregate and second cell aggregate in close contact inside
the support carrier such that the contact length of the axial
direction is the length calculated in the preceding step and
the axial direction of each column is parallel, wherein the
first cell aggregate and the second cell aggregate are

respectively composed of either one of mesenchymal cells and
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[ C ai m 8] The net hod accordi ng to'any one of clainms 1 to 7, wherein

both the cell aggregates are cell masses. [ O aim9] The met hod
according to any one of claims 1 to 8, wherein at |east one of the
mesenchymal cell and the epithelial cell is derived froma tooth germ

[ C ai m 10] A nmethod for recovering a tooth mssing part within an

oral cavity, conprising: a step of transplanting the tooth obtained by the
met hod

epithelial cells; and

a step of culturing the first and second cell aggregates

inside the support carrier.
| [Claim 4]

A method for producing a molar tooth having a desired
length in a mesiodistal direction and/or a buccolingdal
direction, comprising:

a step of producing a plurality of types of structures
inwhichanalmostéolumn—shapedfirstcellaggregateandéecond
cell aggregate are arranged in close contact inside a support
carrier suchthat the axial directionof eachcolumnisparallel,
by changing a contact length of th-e axial direction of the first
cell aggregate and the second cell aggregate and/or a contact
length of a direction perpendicular to the axis, wherein the
first cell aggregate and-the second cell aégregateA are
respectively composed of either one of mesenchymal cells and
epithelial cells;

a step of culturing each of the plurality of types of
structures inside ﬁhe support carrier;

.astepofnmasuringthelengthcﬁfthemolartdothproduced'
in the preceding step in the mesiodistal direction and/or the
buccolingual direction and determining a corfelation between

the contact length of the axial direction and the length of
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according to any one of clainms 1 to 9, into the mssing part. [Caim11]
The met hod according to claim 10, wherein the tooth obtained by the nethod
according to any one of clains 1 to 9 is transplanted as is into the

m ssing, part without dividing the tooth into two or nore parts. [Claim12]
The met hod according to claim10 O 11, wherein the nesenchymal cell and
the epithelial cell are derived froman individual having the m ssing part.
[Caim13] The net hod according to any one of clains 10 to 12,
wherein the oral cavity is an oral cavity of a non-mamal. [C ai m 14]

A met hod for designing a nmethod for producing a tooth having a de5| red

l ength in one direction under a predetermnm ned condition,

the mesiodistal direction of the molar tooth, and/o: a
correlation bétween the contact length perpendicular to the
axis and the length of the buccolingual direction of the molar
tooth;

a step of calcuiating, based on the correlation, the
contactlengthoftheaxialdirectionofthefirstcellaggregate
and the second cell aggregate and/or the contact length of the
direction perpendicular to the axis which are required for
obtaining the molar tooth having a desired length in a
mesiodistal direction and/or a buccolingual direction;

a step of arranging the almost column-shaped first celi
aggregate and second cell aggregate in close contact inside
the support carrier such that the contact length of the axial
direction and/or the contact 1length of the direction
perpendicular to the axis is the length calculated in the
preceding stepand the axial directionof eachcolumn is parallel,
wherein the first cell aggregate and the second cell aggregate
are respectively composed of either one of mesenchymal cells
and epithelial cells; and

a step of culturing the first and second cell aggregates
inside the support carrier.

[Claim 5]

A method for producing a tooth having a desired length



wherein the designing nethod includes a nethod. for determ ning, when the
first cell aggregate and the second cell aggregate are arranged in cl ose
contact inside a support carrier and the first cell aggregate and the
second cell aggregate are respectively conposed of either one of

mesenchymal cells and epithelial cells, a contact |ength of a predeterm ned
one direction of the both cell aggregates, which is required for producing
a tooth having a desired size, and wherein the nmethod for determ ning
the contact |ength further includes: a step of producing a plurality
of types of structures in which the first cell aggregate and the second
cell aggregate are arranged in close contact inside a support carrier by

changi ng,t he cogtact l.ength of a predeterm ned one direction of the first
cel | aggiBg8FE ﬁHeFﬁéogeCSHﬂpEéF Ndggregate, wherein the first cel

aggregate and thgisec dr%% gla%gﬁggsg%O%éFFg?gggcghvsex fOPQQ%§QL f either

one of nesenchy §*and eprit cul turing

each of %QﬁeBéH‘cé' L% QEFBXBeﬁeﬁ é%%ygéﬁgs 1h &Y Seté'gnéér'&ﬁo{ﬁ sLALTIer;

a step.o uring th engt rection of thet produced in

the precgdingoster a1 detarhl thdld thLakhahati poc bebneanehba sonimet | ength
and the |l ength of one direction of the tooth; and a step of

cal cul at it Bgpabased1 oand henhLord lcaitiaeit 1teh@t¢paﬁfa@helaejag&h @frddeidnrst and
second cell aggregates which is required for obtaining the tooth haV|ng a
desired béngihe i fiiose dhtectdcamd column-shaped cell aggregates is

approximately within the range between plus and minus 25% of

the desired length, wherein the first cell aggregate and the

second cell aggregate.are respectivelylcomposed of either one

of mesenchymal cells and epithelial célls; and

a step of culturing the first and second cell aggregates
inside the support carrier. |

[Claim 6]

The methqd according to ciaim 5, wherein the step of
arranging the first and the second cell aggregates inside the
support carrier comprises: | |

a step of producing a plurality of structures in which
'the first and the second cell aggregates are-arranged inside
the support carrier;

a step of measuring a contact length of an axia_ll direction
of the first and the second cell aggregates; and

a step of selecting a structure of which the measured

contact length is épproximately_within the range between plus
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[ C ai m15] A method for designing a nethod for producing a single
tooth under a predeterm ned condition, wherei n the desi gni ng net hod
i ncludes a nethod for determ ning, when the first cell aggregate and the
second cell aggregate are arranged in close contact inside a support
carrier and the first cell aggregate and the second cell aggregate are
respectively conposed of either one of nesenchymal cells and epithelial

. cells, a maxi mum contact |ength of the both cell aggregates, which is
required for producing a single tooth, and wherein the method for
determ ni ng the maxi mum contact |ength further includes : a step of
producing a plurality of types of structures in which the first cell

aggregate_and .the segond cell aggregate are arranged in close cont act

i nsi de aagapB&PPscﬁﬁfiQE BgecﬁﬁggFﬁ ﬁ@9§gxinun1contact | ength of the
first cell aggt af e nd the second cell aggregate, wherein the first cel
aggregate and second cell aggregate are respectively conposed of either

one of nesencw'@%tlrt&gélo oz.?&%recgcﬂ%%m%iﬁlsfﬁgl;iégtooth, cdmStLR; gh. cul turing

each of the plur structures inside the support carrier;

and a siepf oreasvbhggnghe mupbercof1 tegtd predusadai seddiea
- preceding step and determ ning the maxi mum contact |ength of
cell aggregate in close contact inside a support carrier; and
| a step of culturing the first and second cell aggregates

inside the support carrier, wherein the firét cell aggregate
andthe secondcell aggregatearerespectively composedofeither
one of mesenchymal cells and epithelial cells;

wherein a maximum contact length of the first cell
aggregate and the second cell aggregate is equal:to.or less
than a predetérmined value.

[Claim 8]

The method according to any one of claims 1 to 7, wherein
both the cell aggregates are cell masses.

_[Claim 9] |

The method according'to any one of.élaims 1 to 8, wherein
at least one of the mesenchymal cell and the epithelial cell
is derived from a tooth germ.

[Claim 10] |

A method for recovering a tooth missing part within an’
oral cavity, comprising:

a step of transplanting the tooth obtained by the method
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the first cell aggregate and the second cell aggregate which is required

for obtaining a single tooth. [C aim 16] The net hod according to
claim14 or 15, wherein at |east one of the nmesenchynmal cell and the
epithelial cell is derived froma tooth germ

according to any one of claims 1 to 9, into the missing part.

[Claim 11]

The method according to claim 10, wherein the tooth
obtained by the method according to any one of claims 1 to 9
is transpianted as 1s into the missing part without dividing
the tooth into two or more parts.

[Claim 12]

The method according to claim 10 or 11, wherein the
mesenchymal cell and the epithelial cell are derived from an
individual having the missing part.

[Claim 13]

The method according to any one of claims 10 to 12, wherein
the oral cavity is an oral caVity of a non-mammal.

[Claim 14]

A method for designing a method for producing a tooth
having a deéired length in one direction under a predetermined
éondition,

wherein the-designing method includes a method for
‘determining, when the first cell aggregate and the second cell
aggregate are arranged in close contact inside a support carrier
and the first cell aggregate and the second cell aggregate are
respectively composed of either one of mesenchymal cells and

epithelial cells, a contact length of a predetermined one



direction of the both cell aggregates, which is required for
producing a tooth having a desired size, and

whérein the method for determining the contact length
further includes:

a step of producing a plurality of types of struétures
in which the first cell aggregate and the second cell aggregate
are arranged in close contact inside a support carrier by
changing the contact length of a predetermined one direction
of the first cell aggregate and the second cell.aggregate,
-wherein the first cell aggregate and the second.ceil aggregate
are respectively composed of either one of mesénchymal cells
and epithelial cells; |

a sﬁep of culturing each of the plurality of types of
structures inside the support carrier;

a step of measuring the length of one direction of the
tooth produced in the preceding step and determining a
correlation between the contact length and the léngth of one
dire;tion of the tooth; and

a step of calculating, based on the correlation, the
contaét length of the first and second cell aggregates wﬁich
"is required for obtaining the tooth having a desired length
in one direction.

[Claim 15]



A method for designing a meﬁhod for producing a single
tooth under a predetermined condition,

Wherein the designing method includes a method for
determining, when the first cell aggregate and the second cell
aggregate are arranged in close contact inside a support carrier
and the first cell aggregate and the second cell aggregate are
respectiveiy-composed of either oné of mesenchymal cells and
epithelial cells,.é maximum contact length of the both cell
aggregates, which is required for producing a single tooth,
and

wherein the method for defermining the maximum contact
length further includes:

a step of producing a plurality of types of structures
in which the first cell aggregate and the second cell aggregate
are arranged in close contact inside a sup?ort carrier by
changing the maximum contact length of the first cell aggregate
and the second cell aggregate, w’hereiﬁ the first cell aggregate
andthesecondbellaggregatearerespectivelycomposedofeither
one of mesenchymal cells and epithelial éells;

a step of culturing each of the plurality of types of
structures inside the sﬁpport carrier; aﬁd

a step of measuring the number of teeth produced in the

preceding step and determining the maximum contact length of
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the first cell aggregate and the second cell aggregate which
is required for obtaining a single tooth.

[Claim 16]

The method according to claim 14 or 15, wherein at least
one of the mesenchymal cell and the epithelial cell is derived

from a tooth germ.
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