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[DESCRIPTION]
[Title of Invention]
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]

The tooth is an organ having enamel as its outermost layer,
a hard tissue called dentin inside the layer, and furthermore,
odontoblasts forming the dentin on the inner side with dental
pulp in 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
concern about tooth reproduction techniques has been increasing.
Furthermore, concern towards about tooth reproduction
techniques has also been increasing for reasons such as
maintaining health and maintaining a high quality of life.

Atoothisafunctionalunitthat is formedbythe 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



[0002] The tooth is an organ having enamel as its outermost layer, a hard tissue called dentin
inside the layer, and furthermore, odontoblasts forming the dentin on the inner side with dental pulp in
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 concern about tooth
reproduct ion techniques has been increasing. Furthermore, concern towards about tooth reproduction
techniques has also been increasing for reasons such as maintaining health and maintaining a high
quality of life. A tooth is a functional unit that is formed by 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 cells such as hematopoietic stem
cells and mesenchymal stem cells in adults, and currently, teeth therefore cannot be regenerated with

only transplaatationsef stemscellsnstes eel transplaatation) ashigvedrbysiegengrativednedicine.
Although regeneration of teeth through identification of genes found specifically in the generation
process of teeth and artifidial inducementcofa oth gernt has beehexammmed, compiéteisducement of
regeneration of teeth cannot be achieved only by identifying the genes. [0003] Thus, in recent

years, a methdi§ f5t hianing Féy8Reratel 18Iy Fetbnsfudlinghi ot @e?ﬁwtﬁginﬁeg&isolated
tissue and Ct@'a%eofo%g%ﬁﬁ% 1he jooth germ. and thenransplanfing the ragenstructed, iooth germ has

been examined. |
regeneration of teeth through identification of genes found

specifically in the generation process of teeth and artificial
inducement of atoothgermhasbeenexamined, 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 germ, 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



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 carrier, cell differentiation can be
induced effectively, and it is possible to produce a regenerated tooth germ and regenerated tooth
having a specific cell arrangement and directionality (for example, see Patent Literature 1). [0005]
Furthermore, the present inventors showed that a regenerated tooth germ and regenerated tooth
having a specific cell arrangement and directionality can similarly 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 usingramaipp-dernived celis asmesenchynalicells (fanexample see-Ratent | iterature 3), or
else by using cells obtained by differentiation inducement of tot ipotent stem cells as mesenchymal
cells (for examples saecRatent titefature)d[0006]e  rAdsodn atrederterated tasthryeranand
regenerated tooth, the size of the tooth differs depending on its pasijtion and this size also varies with

individuals. THEFERFE iEid imP&tdnt 16 ¥dntol the SSE bt thé Point B ViBREBTIEGENEtafihg a tooth
suitable to the position of the Jost tagth,, However, in the aboye dogyments, the.cantrol method for the

size of regenerated teeth has not been examined. Furthermore, a set of regenerated teeth may be
also obtained by the@bmye method. In such a case, each tooth is separated from the set and used as
a graft, but the difficulty in cont rolling the number of teeth and also the size of each tooth included in
the set of teeth is B3I BRFEREE front fife pbifft ©F View dRiIAGDRIENt develtpimeltsithe

hree-dimensional cell ration technol nd insufficient under. ing of the m nism of form
three-dimensional cell operation teghnology pnd Insufficient ppdersianding, of the mechapism of fo
control in development biology.

cell arrangement and directionality can similarly 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 Patent 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 1is
important to control the size from the point of view of
regeneratinga tooth suitable to the position of the lost tooth.
However, in the above documents, the control method for the

size of regenerated teeth has not been examined. Furthermore,



[0007] The method for inoculating a cell mixture of a tooth germ including mesenchymal cells
derived from the tooth pulp that form the dental bulb and dentin, and also including epithelial cells that
contribute to the format ion of the enamel in a 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 regenerated tooth is derived from a
tooth germ made from an 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 mesenchymal cells. Thus, if a scaffold is used, sufficient cellular interaction is not
obtained. Theeafere, the aiserof sascadfold may Rekbe preferabletos example, seeNopRatent
Literature 1). Furthermore, the speed of formation of the tooth is faster than the time taken for the
scaffold to deconysbse. ITherefdres the tcothanay becformetdwith sonwt part of ¢ve sbaffekitmixed
therein, and it is expected that the reproducibility of the_cell arrangement and tooth shape may not

necessarily Behigit $0008] 972 6n thetottier Aand it Whkhefeval thathn YRndrar 6rmal shape of
the tooth crgwn.cannpt be phtained.ypless the mesenchymal igsug, i thgsgconstrycieddooth germ is

perfect. However, it has been reported that even if a mesenchymal cell mass (mass obtained by
centrifugal processingiaftes separating the-tissues with ep2yre edtaent) isusetkinqilage of
mesenchymal tissue, when the number of cells is larger, a comparatively larger size of tooth germ is
obtained in #4% ML ARG TURAE, T the Aanberdn footh tlspslis arIACreasddClor exafiple, see Non

Patent Literate 1) However, evenafter ransplanting jhis tooth derm ingide. a lving orggnism, the
shape of the tooth crown and the number of tooth"cusps change as compared to a normal tooth, and a

tooth with the, correctishape s ngt ghtained. According to the report, a tooth with a correct shape is not
obtained even by reconstructing through the combination of an epithelial cell mass and a
mesenchymal cell mass 7 According to the report, in the reconst ruct ing using an epithelial tissue and
a mesenchymal cell mass, the correct shape can be created ifmesenchymal tissue can be used,

however, the limitafi6ft iftfpo3ed diing B protfutiig dftséth Fegdrting fhe asePsiihfiggm

[‘Sgg‘STChy%! Selly indicates thatpartial resplution.is achieved by increasing,the number.of cells.
form the dental bulb and dentin, and also including epithelial
cellsthat contributetothe formationof theenamel inascaffold
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 an epithelial cell layer and a

mesenchymal cell layer, and the tooth germ is known to grow

due to the chronological epithelical-mesenchymal interaction



Furthermore, 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 tooth cusp,
respectively. [0010] Furthermore, the present inventors figured out a method 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 producing a reconstructed tooth germ using an epithelial cell aggregate
and a mesenchymal cell aggregate as a method for controlling the number and form of the teeth to be

produced (Ratgntddteratynecn)wAscendingdo the methoss an agaregateof tegth-naviegasdesired
number of teeth can be obtained. However, as many epithelial tissues as the number of the desired

teeth must B&aequirédaoconstitutel the region copfiglifing e enamel kaot. FurtheanbiesPatent

Literature 5 does not examine the control of the size of a tooth. [Related artcll [Patent Literature] [0011]
1is not obtained. Therefore, the use of a scaffold may not be

preferable (for example, see Non-Patent Literature 1).
Furthermore, the speed of formation of the tooth is faster than
the time taken for the scaffold to decompose. Therefore, the
toothmay be formedwith some part of the scaffoldmixed therein,
and 1t 1is expected that the reproducibility of the cell
arrangement 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 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
(forexample, seeNonPatent 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



[Patent Literature 1] WO 2006/129672 [Patent Literature 2] Japanese Published Unexamined
Patent Application No. 2008-29756 [Patent Literature 3] Japanese Published Unexamined Patent
Application No. 2008-206500 [Patent Literature 4]

shape is not obtained. According to the report, a tooth with
a correct shape is not obtained even by reconstructing through
the combination of an epithelial cell mass and a mesenchymal
cellmass. Accordingtothereport, inthe reconstructingusing
an epithelial tissue and a mesenchymal cell mass, the correct
shape can be created if mesenchymal tissue can be used, 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]

Furthermore, it has Dbeen 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). 1In the report, the final size of a tooth and
tooth cusp is determinedby 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 tooth cusp,
respectively.

[0010]

Furthermore, the present inventors figured out a method



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]

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 reconstructedtooth
germ using an epithelial cell aggregate and a mesenchymal 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 number 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 Unexamined Patent Application No.
2008-206500

[Patent Literature 4]



Hu et al. Tissue Engineering Volume 12, Number 8, 2006, 2069-2075 [Non Patent Literature 2] J.
Cai et al. Developmental Biology 304 (2007) 499-507 [Summary of the Invention] [Problems to be
Solved by the Invention] [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
same molar tooth. Furthermore, the size of a tooth varies from individual to individual. Therefore, when
producing a regenerated tooth germ and a regenerated tooth as a treatment for lost teeth, it is very
important to control its size such that it can function appropriately in the individual where the tooth is
transplanted. Furthermore, according to the experience of the inventors, the size of the
regenerated tooth germ can change by various conditions, and because of the "memory" specific to
the cells, teeth with good reproducibility and the same size are not obtained.

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 Biology 304 (2007) 499-507
[Summary of the Invention]

[Problems to be Solved by the Invention]

[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 same molar
tooth. Furthermore, the size of a tooth varies from individual
to individual. Therefore, when producing a regenerated tooth
germ and a regenerated tooth as a treatment for lost teeth,
it isvery important tocontrol its size suchthat it can function

appropriatelyinthe individual wherethetoothistransplanted.



[0014] Therefore, an ob j ect of the present invent ion is to provide a method for producing a tooth
having a desired size, in particular, a tooth of which the width of a tooth crown is a desired length.
[Solving Means] [0015] As a result of intense studies to resolve the above problems, the present
inventors found that the width of the crown of a regenerated 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 controlled. 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 the axial direction of the
column, a tooth having a desired length in one direction can be formed; particularly, by setting the

contact length withinthernange betweenglus agd Minis28% (22%) obtheiesired lengih a
regenerated tooth having a desired length can be obtained; and along with the control of the size of
the tooth, tHexaumbee of fodthcusps canaise betcontiolled rand by settimg thédvomtatt ength to below
the predetermined numerical value, a single tooth could be obtained, and thereby the present

invention wiS ¢OREILEBE TRAIS HHE Présdt Mventibitaiafestgecitic to the cells,

teeth with good reproducibility and the same size are not
obtained.

[0014]

Therefore, anobject of thepresent inventionistoprovide
a method for producing a tooth having a desired size, in
particular, a tooth of which the width of a tooth crown is a
desired length.

[Solving Means]

[0015]

As a result of intense studies to resolve the above
problems, the present inventors found that the width of the
crown of a regenerated 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 controlled. 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



[1] a method for producing a tooth having a desired length in one direction, comprising: 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 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 the size of the tooth is adjusted by adjusting a
contact length of the predetermined one direction of the first cell aggregate and the second cell
aggregate; [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 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 the predetermined one direction of the first cell aggregate and the second cell

aggregate, wherein the fisst .cel aggregateand theisasand cell aggregate atg respreiivelyacomposed
of either one of mesenchymal cells and epithelial cells;
length in one direction can be formed; particularly, by
setting the contact length within the range between plus and
minus 25% (£25%) of the desired length, a regenerated tooth
having a desired length can be obtained; and along with the
control of the 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 is, the present invention relates to:

[1] amethod for producing a tooth having a desired length
in one direction, comprising:

a step of arranging a first cell aggregate and a second
cell aggregateinclosecontact insideasupport 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 the size of the tooth is adjusted by adjusting
a contact length of the predetermined one direction of the first
cell aggregate and the second cell aggregate;

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

10



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 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 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;

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

in one direction, comprising:

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 contact length of the predetermined one direction
of the first 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 determining a
correlation 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 length in one direction;

a stepof arrangingthe 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 cell aggregate

are respectively composed of either one of mesenchymal cells

11



a step of producing a plurality of types of structures in which an almost column-shaped first cell
aggregate and second cell aggregate are arranged in close contact inside a support carrier such that t
he axial direct ion of each column is parallel, 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 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 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 almost

column-shaped fissticall-aggiegateiand. segond 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 directiors oteaeh coldtnis parahel, whessirpthe first celll aggiégatesasdthiecsecond cell
aggregate are respectively composed of either one of mesenchymal cells and epithelial cells; and

a step of cuttifing the fifst AHEE_EbNG REl AGGiegates inside the support carrier;

[3] amethod for producing a tooth having a desired length
in one direction, 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
carrier suchthat theaxialdirectionofeachcolumnisparallel,
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
composedofeitheroneofmesenchymal cellsandepithelial 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
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 almost column-shaped first cell

12



[4] A method for producing a molar tooth having a desired length in a mesiodistal direction and/or a
buccolingual direction, comprising: a step of producing a plurality of types of structures in which an
almost column-shaped first cell aggregate and second cell aggregate are arranged in close contact
inside a support carrier such that t he axial direct ion of each column 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 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 the molar tooth produced in the preceding step in the mesiodistal direction and/or the
buccolingual direction, and then determining a correlation between the contact length of the axial

direction anddieleagth ehthesmesigdistal directign of she malarctosth ansher-a eorrglation between
the contact length perpendicular to the axis and the length of the buccolingual direction of the molar
tooth; a ste psofcabatilating fiase d on thé leetrelatiors, ahé zohtdetiandgthodt tthee axial direct ion of
the first cell aggregate and the second cell aggregate and/or the contact of the direction length

perpendiculdr {6 8h 55 whidH Gre FetfiiradTor SBtaitifg the moiar ¥oGth Having & 'dekirkddength in a
mesiodistal direction and/gr.a.bugelingyal diFection; .y, &;3ep of aranging, the, almost 1

column-shaped first cell aggregate and second cell aggregate in close contact inside the support
carrier suchrthat the centactdengtbpithe axial direction andfal thescontagtlengthnekthes disection
perpendicular to the axis is the length calculated by the preceding step and the axial direct ion of each
column is pardilet GiHereitheciitspesiPagdrejdid andhe sebdrrissslicaggiegaicareSrezspectively

composed %fpe_}Ligtq% ﬂ\glof Crg(islesn;chgwgl cells

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
direction, 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
carrier suchthat theaxialdirectionofeachcolumnisparallel,
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



and epithelial cells; and a step of culturing the first and second cell aggregates inside the support
carrier, [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
contact 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 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; [6] the method according to the above [5], wherein the step of
arranging t he first and the second cell aggregates inside the support carrier comprises: a step of

producing aspluradity; ekstructdrasdnwhich thefirst and the segond cell aggregates are arranged inside
the support carrier;

a step of measuring the length of the molar tooth produced
in the preceding step in the mesiodistal direction and/or the
buccolingual direction, and then determining a correlation
between the contact length of the axial direction and the length
of the mesiodistal direction of the molar tooth, and/or a
correlation between the contact length perpendicular to the
axis and the length of the buccolingual direction of the molar
tooth;

a step of calculating, based on the correlation, the
contact lengthof theaxial directionofthe first cell aggregate
andthe second cell aggregate and/or the contact of thedirection
length perpendicular toan 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 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 length calculated by the
preceding stepandtheaxial directionof eachcolumn isparallel,
wherein the first cell aggregate and the second cell aggregate

are respectively composed of either one of mesenchymal cells

14



a step of measuring 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 measured contact length is approximately within
the range between plus and minus 25% of the desired length. [7] a method for producing a single
tooth, comprising: 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 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 cell aggregate and the second cell aggregate is equal to or less than a
predetermined value.

and epithelial cells; and

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

[5] amethod 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 contact 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 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;

[6] the method according to the above [5], wherein the
stepof arrangingthe first andthe secondcell 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 axial direction

15



[8] the method according to any one of the above [1] to [7], wherein both the cell aggregates are cell
masses; [9] the method according 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 missing part within an oral cavity, comprising: a step of transplanting the tooth
obtained by the method according to any one of the above [1] to [9], into the missing part;

of the first and the second cell aggregates; and

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

[7] a method for producing a single tooth, comprising:

a step of arranging a first cell aggregate and a second
cell aggregateinclosecontact insideasupport 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 cell
aggregate and the second cell aggregate is equal to or less
than a predetermined wvalue.

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

[9] the method according 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 missing part within
an oral cavity, comprising:

a step of transplanting the tooth obtained by the method
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[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 part without dividing the tooth into
two or more parts; [12] the method according to the above [10] or [11] , wherein the
mesenchymal cell and the epithelial cell are derived from an individual having the missing 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-mammal, [14] A method 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 second 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 directioacfdhe beth €ellaggregates; whishuis sequired ferpredycing ectaotl having a glesired size,
and wherein the method for determining the contact length further includes: a step of
producing acplatality 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 contact length of the

predetermined one direttidhtoP e S 2 8gGrabatt and' théRedsend ]ngﬂl adgregaE ilktein the first
cell aggregate and the second gell aggreaate are respegtivelycorpossed of gither ong ot o

mesenchymal cells and epithelial cells;
[1] to [9] is transplanted as is into the missing part without

dividing the tooth into two or more parts;

[12] themethodaccordingtotheabove [10] or [11], wherein
the mesenchymal cell and the epithelial cell are derived from
an individual having the missing 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-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 second 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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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 correlation between the contact length and the length 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 method for designing a method 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, a maximum contact
length of the both cell aggregates and the first cell aggregate and the second cell aggregate are
respectively composed of either one of mesenchymal cells and epithelial cells, which is required

forproducing a singlg:toath ranthe maheseintbe nrthedfordetgrmining-thecmaximwn gontact length
further includes:
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 contact length of the predetermined one direction
of the first 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
correlation between the contact length and the length 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] amethod for designing amethod for producinga single
tooth under a predetermined condition,

wherein the designing method includes a method for
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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 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 and the
second cell aggregate are respect ively 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 number of teeth produced in the preceding step and determining the maximum
contact length of the first cell aggregate and the second cell aggregate which is required for obtaining
a single tooth; and [16] the method according to the above [14] or [15] , wherein at least one of the
mesenchymal cell and the epithelial cell is derived from a tooth germ. [Effects of the Invention] [0016]

determining, when the first cell aggregate and the second cell
aggregate are arranged in close contact inside a support
carrier, a maximum contact length of the both cell aggregates
and the first cell aggregate and the second cell aggregate are
respectively composed of either one of mesenchymal cells and
epithelialcells, whichisrequired forproducingasingletooth,
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
andthe secondcell aggregatearerespectively composedofeither
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 determining the maximum contact length of
the first cell aggregate and the second cell aggregate which
is required for obtaining a single tooth; and

[16] themethodaccordingtotheabove [14] or [15], wherein
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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 regenerated tooth germ and regenerated
tooth that are produced. Particularly, when the mesenchymal cell aggregate and epithelial cell
aggregate is formed in an almost column shape, then by controlling a contact length 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 for producing a tooth 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 cellsiiselyded ir eachwael massHtiepredetermined contacitangtb can be-ebtained, a
tooth having a desired length can be produced, and therefore, the desired size can be achieved
effectively with dfeweenurmbemofcelizoth drrthermore, in the present invention, by setting the
contact length between each cell mass to below the predetermined value, a single tooth can be
obtained instead of i dygrédate BHaMbraity of teeth. Therefore, instead of passing through the step
of segregation, the E%tm)cfam be used as is in the form of a graft. [Brief Description of Drawings]

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
regenerated tooth germ and regenerated tooth that are produced.

Particularly, when the mesenchymal cell aggregate and
epithelial cell aggregate is formed in an almost column shape,
then by controlling a contact length 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
for producing a tooth 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, 1f the predetermined contact length can be obtained,
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[0017] [Fig. 1] Fig. 1 shows the phase contrast microscopy 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
mesenchymal cell aggregate during the producing of reconstructed tooth germ is set to less than
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 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 is measured in the form of indexes showing the size of the regenerated tooth germ on
the seventh day of the organ culture. [Fig. 3] Fig. 3 is a bar graph showing the relationship
between a contact length of the epithelial cell aggregate andmesenchymal cell aggregate during the
producing of reconst ructed tooth germ, and the size of the regenerated tooth germ on the seventh day

of the organculigté having a desired length can be produced, and therefore,
the desired size canbe achievedeffectively with a fewer number
of cells.

Furthermore, in the present invention, by setting the
contact length between each cell mass tobelow the predetermined
value, a single tooth can be obtained instead of an aggregate
of aplurality 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]

[Fig. 1]

Fig. 1 shows the phase contrast microscopy 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 mesenchymal cell aggregate during the producing of
reconstructed tooth germ is set to less than 450pm, between
450pm and 900pm, and between 900 um and 1500 pm. 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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[Fig. 4] Fig. 4 is a graph showing the relat ionship between a cont act length of the epithelial cell
aggregate and mesenchymal cell aggregate during the producing of reconstructed tooth germ, and the
size of the regenerated tooth germ on the seventh day of the organ culture. [Fig. 5] Fig.5is 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 2
1st day of the subrenal capsule assay, when a contact length of the epithelial cell aggregate and
mesenchymal cell aggregate during the producing of reconstructed tooth germ is set to less than 450
pm, between 450 um and 900 pm, and between 900 pm and 1500 pm. The arrow heads in the figure
show both ends of the tooth crown.

is measured in the form of indexes showing the size of the
regenerated tooth germ on the seventh day of the organ culture.

[Fig. 3]

Fig. 3 is a bar graph showing the relationship between
acontact lengthoftheepithelial cell aggregateandmesenchymal
cell aggregateduringthe producingof reconstructedtoothgerm,
and the size of the regenerated tooth germ on the seventh day
of the organ culture.

[Fig. 4]

Fig.4isagraphshowingtherelationshipbetweenacontact
length of the epithelial cell aggregate and mesenchymal cell
aggregate during the producing of reconstructed tooth germ,
and the size of the regenerated tooth germ 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
toothontheletdayofthesubrenalcapsuleassay,whenacontact

length of the epithelial cell aggregate and mesenchymal cell
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[Fig. 7] Fig. 7 is a bar graph showing the relationship between a contact length of the epithelial cell
aggregate andmesenchymal cell aggregate during the producing of reconst ructed tooth germ, and the
width of the tooth crown of the regenerated tooth on the 21st day of the subrenal capsule assay. [Fig.
8] Fig. 8 is a graph showing the relat ionship between a cont act 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 21st day of the subrenal capsule assay. [Fig.
9] Fig. 9 is a CT image of a regenerated tooth on the 21st day after the subrenal capsule assay,
when a contact length of the epithelial cell aggregate and mesenchymal cell aggregate during the
producing of reconstructed tooth germ is set to less than 450 pm, between 450 pm and 900 pm, and
between 900 pm and 1500 pm. [Fig. 10]

aggregate during the producing of reconstructed tooth germ is
set to less than 450 um, between 450 pm and 900 ym, 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 showing the relationship between
acontact lengthoftheepithelial cell aggregateandmesenchymal
cell aggregateduringthe producingof reconstructedtoothgerm,
and the width of the tooth crown of the regenerated tooth on
the 21°° day of the 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
of theepithelial cell aggregate andmesenchymal cell aggregate
during the producing of reconstructed tooth germ is set to less
than 450 pm, between 450 pum and 900 pm, and between 900 pm and

1500 pm.
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Fig. 10 is a graph showing the relationship between a contact length of the epithelial cell aggregate
and mesenchymal cell aggregate during the producing of reconst ructed tooth germ, 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 regenerated tooth germ
obtained when a contact length of the cylindrical epithelial cell aggregate and mesenchymal cell
aggregate is set to a fixed range in the reconstructed tooth germ, and the number of cells included in
each aggregate is changed. [Fig. 12] Fig. 12 shows the results of measurement of the width of
tooth crown of a regenerated tooth obtained when a contact length of the cylindrical epithelial cell
aggregate and mesenchymal cell aggregate is set to a fixed range in the reconstructed tooth germ,
and the number of cells included in each aggregate is changed. [Fig. 13] Fig. 13 shows the results
of measurement of the umier of cusps of a regenerated tooth obtained when a contact length

Fig. 10 is a graph showing the relationship between a
contact length of the epithelial cell aggregate and mesenchymal
cell aggregateduringthe producingof reconstructedtoothgerm,
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 regenerated tooth germ obtained when
a contact length of the cylindrical epithelial cell aggregate
and mesenchymal cell aggregate is set to a fixed range in the
reconstructed tooth germ, and the number of cells included in
each aggregate is changed.

[Fig. 12]

Fig. 12 shows the results of measurement of the width
of tooth crown of a regenerated tooth obtained when a contact
length of the cylindrical epithelial cell aggregate and
mesenchymal cell aggregate is set to a fixed range in the
reconstructed tooth germ, and the number of cells included in
each aggregate is changed.

[Fig. 13]

Fig. 13 shows the results of measurement of the number

of cusps of a regenerated tooth obtained when a contact length
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of the cylindrical epithelial cell aggregate and mesenchymal cell aggregate is set to a fixed range in the
reconstructed tooth germ, and the number of cells included in each aggregate is changed. [Description
of Embodiments] [0018] A method for producing a desired tooth according to the present
invention includes: a step of arranging a first cell aggregate and a second cell aggregate composed
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 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 on 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 arasgement ot the tooth grown anddentabroet gEhe-teath crewaang gental root can
be checked visually based on the shape and histological staining. The tooth crown is a part having a

layered structuré comyprisiag enamet ahdtdentinf and the deptal toottdoestsotdhavethe erdmel layer.

tooth germ, and the number of cells included in each aggregate
is changed.
[Description of Embodiments]

[0018]

A method for producing a desired tooth according to the
present invention includes: a step of arranging a first cell
aggregate and a second cell aggregate composed respectively
of either one of mesenchymal cells andepithelial 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
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 on 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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[0020] Dentin and enamel may be easily and morphologically 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 enamel blast cells can be confirmed by the presence of
amelogenin. On the other hand, the dentin can be identified by the presence of odontoblasts, and the
presence of odontoblasts can be confirmed by the presence of dentin sialoprotein. The confirmation of
amelogenin 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 tooth germ 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 gengratien ofa-teothand isnp issue in avhiel the agcusnation Of dentin asdwenamel, which
is characterized as hard tissues of a tooth, are not particularly identified. On the other hand, the "tooth
bud" indicatesdt tiskuesaftertthe svagecdfthe'taoth gean®used in the present invention, and is a tissue
that ranges from the sta%e when the dentin and enamel accumulation characterized as the hard
tissues of the tooth A& started to form, up to the stage before the tooth erupts from the gums and
generally starts fungtioning as a{oath. The generafion at:a 1qqth from the toethygerm-ggeuys through
each of the bud stage, cap stage, and the early’bell stage and late bell stage. In the bud stage, the
epithelial cellsdnfoidrintethgmesesehymial telisita ticken;tape initbe capsiage, thesepithelial cells are
infolded to encompass the mesenchymal cells. When the early bell stage and late bell stage are
reached, theepithelial 6&ll paritiFécomE iRy obift? Emamel dritienéesehehyrrildel pareforms the
dentin on the inner side . The erlegaltailon of t?ﬁstooéggq:rg is controlled bt%( the (r:ﬂeélhu@{ interaction

between th& ]é%ﬁﬁé]hca? 8eﬁ|§ an emesengr*%y(r:nea cellsvia cy Skine, ?ﬁ@r%%yo oren?l%g a tooth” 022] In

the present invertion smesenchymalcgllsrefecto thescelisderived. fromythe smesenchymal tissue as
well as the cells obtained by culturing such cells, and "epithelial cells" refer to cells derived from the
epithelial tissukaas welhds thé&eelis obtanedhby lcalturdrg sudh eelloy the presence of
odontoblasts, and the presence of odontoblasts can be confirmed
by the presence of dentin sialoprotein. The confirmation of
amelogenin and dentin sialoprotein can be performed easily by
methods well known in this field, for example, 1in 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. 1In this case, the tooth germ 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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Furthermore, in the present invention, the "peridontal tissue" refers to the alveolar bone and the
periodontal membrane formed mostly on the outer layer of the tooth. Those skilled in the art can easily
identify the form of the alveolar bone and periodontal membrane through a histological staining. [0023]
In the present invention, the "step of arranging a first cell aggregate and a second cell aggregate
composed respect ively of either one of me senchymal 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 from
only mesenchymal cells" implies that in the present invention, one of the aggregates of cells performs

the same fupetianstas avhen-eamposed iy offmesenchymalcelis,and daes ratdnclugiercells other
than mesenchymal cells, to the extent possible. The same applies to "formed substantially from only

epithelial céllsd” inderstcell aggrégategefefs & célisinstlose coftachant-cmilt evenryé a cell
mass prepared from discrete cells even in the case of tissues. The use of a tissue has the advantage

of easily en}_iﬁf?ﬁjg Jaf?:cfl_ﬁ&ti%ﬁeoﬁél&ﬁ%ﬁ’tﬁ e Brrett AetiSaftanbeitentayid shape Shuf fif"amount that
can be obtained s limited; Becgusg cultired cells can also beysedias.cellmass, they, are,

comparatively easier to obtain and therefore, more preferable. According to the method for the present
invention, axegenerateddoathswitle thercorraet eelbamangemest and shape cande obtained even by
using a cell mass. [0025]
the stage before the tooth erupts from the gums and generally
starts functioning as a tooth. The generation of a tooth from
the tooth germ occurs through each of the bud stage, cap stage,
and the early bell stage and late bell stage. In the bud stage,
theepithelialcellsinfoldintothemesenchymal cellstothicken,
and in the cap stage, the epithelial cells are infolded to
encompass the mesenchymal cells. When the early bell stage
and latebell stage are reached, theepithelial cell part becomes
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 cells 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.
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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 reproducing 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 in the stage between the bud stage and the cap stage. [0026] Examples of the
mesenchymal cells derived from other than a tooth germ include cells derived from other
mesenchymal tissues in a living organism. Preferably, these are bone marrow cells and mesenchymal
cells not containingrhleed selis,aore prefeeably.dvesenchyraakcells in the oralscavitynkene marrow
cells inside the jawbone, mesenchymal cells derived from cranial neural crest cells, mesenchymal
precursor cellswhith cahifferentintedntoahé anesenetyndal bellscand Stent eélsathbreticAs far as
mesenchymal cells are concerned, an example of using amnion-derived cells is described in Patent

Literature 37 SRGQH Baihpié 6FuSiRg Bk Bbtaméa by diffdtEntiafior induceRTén ot tothsstent stem
cells is desqriped,in Batent Literatute 4 as ngsenchymal Gells,and its.entire diselasurg s incorporated
herein for the purpose of reference. [0027] The epithelial cells may also be those derived from
other than atapth getirodand exampiesrthereafinclude cellshderverbiiomaather epithieligl tissues in a
living organism. Preferable examples of the epithelial cells include epithelial cells of skin, mucosa and
gingiva in the oral dé#ty3dnd more preferable examples of the epithelial cells include immature
epithelial precursorIceIIshwhich can generate tdifferen%ilgllteql, fgr exagnple, keratinized ot
parakeratinized, epltﬂe%achﬁ§ §0¢h as"sKin'and mucosa. I:Sxaerﬁp?es of s imMature ESEhelial

precursor cells inglyde aopkesalinieed epilaclial easand stem.calis dawreet Anoarmile of using oral
epithelial cells and their first stage cultured cells as epithelial cells is described in Patent Literature 2 ,
and it s ent iré disclosurenis intorperatedth heecinctor thegpuipasetdfaeferéncel [0028] close
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 from only mesenchymal 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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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 modification, and the tooth germ and the tissue maybe collected under
sterile conditions and stored in 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 fetal tooth
germ, and, from the point of view of utilization of autogenous tissues, usage of the tooth germ of a
wisdom tooth is preferable. In the case of mice, the tooth germ of a mouse with a fetal age of 10 to 16
days may be used. [0029] During the preparation of the mesenchymal cells and epithelial cells

from the tooth gernuethe toetngerayisolajed drora its surrosingding tissue isifisstdividedsinto, a tooth
germ mesenchymal tissue and a tooth germ epithelial tissue based on their shapes. To facilitate
isolation, arkeAzgmeliAgMse Usediat ¢is tirae sExaaiples of frwemtymeriatkideedispasesoollagenase
and trypsin. [0030] The cell masses according to the present invention indicate amass of cells

derived fromthE HieSariéhythal tiSSIESr epithlid TR<uk, Add Hay D preplied by a§§fsdating the
cells obtaingd t@’a@@@?’%'ﬂ%ﬂlﬁmfsﬁé‘&ﬁi@ﬂﬁ%%%9@@@%%"%"155%“&8@3&%@99@1‘9 the cells

obtained from the first'stage or paSsage culture of the cells. [0031
arrangement and shape, but the amount that can be obtained is

limited. Because cultured cells can also be used as cell mass,
they are comparatively easier to obtain and therefore, more
preferable. Accordingtothemethod for the present invention,
a regenerated tooth with the correct cell arrangement and shape
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
reproducing 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 andepithelial cellsbe derived fromthe 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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Enzymes, such as dispase, collagenase and trypsin may be used to disperse the cells. 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 medium for the culture during the first stage or
passage culture of the dispersed cells prior to the preparation of the cell mass. A serum for promotion
of cell growth may be added, or, as an alternative to the serum, a cellular growth factor such as FGF,
EGF or PDGF or a known serum component such as t rens ferrin maybe added. In cases where
serum is added, its concentration may be changed appropriately depending on the culture state, and
may usually be about 10%. For the cell culture, normal culture conditions, such as those for culture in
an incubator at 37C under 5% 002, may be applied. An antibiotic such as streptomycin may be added
as appropriate. [0032] To aggregate cells, centrifugal processing is performed for the cell
suspension; Wheithetngsenchymal cell mass.ands epitheliah gelt massgse fermed. in close contact,
they must be maintained respectively at a high density to ensure the cell interaction. A high density
state means a dendififalmlost equivalent to the density at which a tissue is constructed, for example,

the high density is in the range of 5x109cells/m1 to 1x109ce|ls/m|,£ref,erably 1x109 cells/ml to 1x109
cells/ml, and most FrEt8RabRS2XboEns/if 16 8188 TSIt The etnstd 57 BrepaFiRga cell mass

having such 3 high celldensity are not limited, for example., Gells may be aggregated.and precipitated

by centrifugation. The centrifugal processing is particularly desired since this conveniéntly enables
achievementiof she bighrdensity witheutdmpairinghithe cellacdvisyy Sychwaeagdugationovay be carried
out at a revolution speed equivalent to a centrifugal force of 300xg to 1200xg, and preferably 500xg to
1000xg, forttRreewifGtes I0°eR RMMTES CBAtHfigaten R loder Han300xg eay et bésable to
increase the cell densi sut}gi(iientl%, while gentritiugati n at .higr%%r than ]fOOxg may cause damage to
the cells. [016%]e Pr9hcases Where %iegrhC &hst y ceilmasses areeproerpaareg %ylc trifuf‘jgt?on, the

centrifugatign is-ngrmally carried outafterprepasing.a suspensien ¢heellsina confainersych as a
tube used for cell centrifugation, and the supernatant is removed to the greatest extent possible,

leaving the €elisnasthe pedcipiates 1Here theowlume ofcomponems otherdhan the cells sf interest
(for example, a culture medium or a buffer solution) is prefer?é)él% not more than the volume of the cells,
and most pieterably Toripdiéits bihet tRan the cells JFfitBrest 4 hof edntamed 4 st:Ghigh density
cell aggregates are %@18'&58 fonzﬁgt I\flith each other inside Eh% eswgogtrcearrier accordicp,g gonthe method

. S ar as mesenchyma concerne
described later, a closely-packed ce Y

example of using amnion-derived cells is described in Patent
Literature 3, and an example of using cells obtained by
differentiation inducement of totipotent stem cells 1is
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 thereof include cells derived
fromotherepithelial tissuesina livingorganism. Preferable
examples of the epithelial cells include epithelial cells of

skin, mucosa and gingiva in the oral cavity, andmore preferable
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is obtained, and the cell interaction is effectively exerted. [0034] The support carrier used in the
present invention may be one in which cells may be cultured, and is pre ferably a mixture with the
above-described medium. The material of the support carrier is not particularly limited, for example,
collagen, agarose gel, carboxy methyl cellulose, gelatin, agar, hydrogel, Cellmatrix (trade name),
Mebiol Gel (trade name), Matrigel (trade name), elastin, fibrin, laminin, extracellular matrix mixture,
polyglycolic acid (PGA), polylactic acid (PLA), and lactic acid/glycolic acid copolymer (PLGA) maybe
used. 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, hydrogeh &ellaatyx, MebielGel, Matrigek extraceldanmatixmixture, elastimdibringand laminin
are preferable. In this case, the hardness with which the cells can be virtually maintained at their
locations may deurardnessvisicthiscdpphcabientorthteeddimersional etkure fithatdscavhardness with
which the position of the cells can be maintained while hypertrophy of the cells due to their growth is

not inhibitedt Hrff Ut 4t e SEE&T BE Basily d6fdrnfiRed BY thase Skilikd iHthB &F. [H638]
Furthermorg, the support carrigr ysed in the present inyention may;hayea reteption whereby the cells

can maintain their close contact of cell aggregate without being dispersed. The "close contact"
indicates thatthesabave-mentioneddaigh density mesanchymal tellaggsegate anenepithelial cell
aggregate maintain the same level of density even in the vicinity of the contact surface of the
mesenchyntalTefe and épititetiineers Af the sapper ThrAerithat tan teken tfe elbddEentact is

collagen, for example, its usage at the final concentration of 2, mg/ml to.3 mg/ml, that is, at a jelly
ctrongth of 150 10 SES AL g b ferhet et EoBIHUTS TS KE0L 1856 Chebeed an the

load required te pushdpwndy.4 mm with a412. ¢-aue dia. plungersprovides ap apprap/iate hardness.
Even in the case of other types of support carriers, if similar strength is obtained with the similar

evaluation methwodh ittan hehased: ag thwe supore Canrien irethe present invention. Furthermore, by
combining together one or more types of support carriers, a support carrier with a hardness equivalent
to the desired jelly éﬁ@@&h may also be obtained. [0036] The methods of arranging the first cell

aggregate and secgngl coe1l:lha regate iCQsigg% thre tS!LJQB%ret Scanrlrier are not E%rt%:lejlc?rkyrlirlgitggébut if the
cell aggregates is a cell mas , for example, the precipitate Obtained gbove%y centrﬁugatlon may be

fed inside the guppQIt sarderwith adNiCFo sykRgR:Llen aRgiaTangad. dkthecpll agaregatesis a tissue,
it can be arranged at any position inside the support carrier by using the tip of the syringe needle.
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
modification, and the tooth germand the tissue may be collected
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 fetal tooth germ, and, from the point of

view of utilization of autogenous tissues, usage of the tooth
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[0037] In the present invention, the methods of arranging the first cell aggregate and the second
cell aggregate in the support 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 posit ioned such that it presses against the first cell aggregate, and thus both can be set in close
contact with each other. More specifically, by appropriately changing the position of the tip of the
above-mentioned syringe needle in the 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
epithelial tissue in the original tooth germ may be arranged such that it is in contact with the other cell
aggregate. Further, after the arrangement, it is also preferable to set up a step of solidification of

the supportgariiero Fhis enaklestheseglhtoifurtoer aggragate thusreswdtingsina Bighgi-gdensity state.
For example, when collagen gel is used, solidification can be achieved by leaving to stand at the
culture températiredfohsevaral mingtes o severat ters dfahmutess Byethis, Corporfents irside the cell
aggregate other than the cells are reduced to the minimum possible extent, and a higher-density state
is achieved " fB038F “SSf the present invention, the "step of culturing the first and the second cell
aggregate inside thFOs(}Lp@prt 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 the purpose of reference.
[0039] During the preparation of the mesenchymal cells and

epithelial cells from the tooth germ, the tooth germ isolated
from its surrounding tissue is first divided into a tooth germ
mesenchymal tissue and a tooth germ epithelial tissue based
on their shapes. To facilitate isolation, an enzyme may be
used at this time. Examples of the enzyme include dispase,
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 the cells. To obtain a sufficient number
of cells, amedium generally used for animal cell culture, such

as Dulbecco's Modified Eagle Medium (DMEM), may be used as the
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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. In the case
of transplantation inside the oral cavity, aminimum of one day culturing period, and more preferably, a
period of three days or more is desired to enable a functional tooth to erupt. By increasing the
length of the culturing period, a great deal of progress can be 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 6days or 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 nside the suppert catrier mayibeyperformed enly bydhe-suppedfarsier which includes
the first and the second cell aggregates, or the culture may be performed in the presence of other

animal cell?f thin dasez=wherd thelclitupe isoperforntéd onlydneathetsupporticdrtier, the €ulture can
be performed under normal conditions used for culturing of animal cells. Here, a serum derived from

mammals, 4 Sariolts Cefilifar Fadtdrs ARidh &R Kol 1 BEEfECtiVEIM GYovtA&mdr différentiation of
these cells may,he added 19 the cuftyre Examples ot such egliular faciorsinglude FGE and BMP.

as FGF, EGF or PDGF or a known serum component such as transferrin
may be added. 1In cases where serum is added, its concentration
may be changed appropriately depending on the culture state,
and may usually be about 10%. For the cell culture, normal
culture conditions, such as those for culture in an incubator
at 37°C under 5% CO,;, may be applied. An antibiotic such as
streptomycin may be added as appropriate.

[0032]

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 density 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 suchahighcell density

are not limited, for example, cells may be aggregated and
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[0041] From the point of view of gas exchange and nutrient supply for the cell aggregates, and
also from the point of view of performing the entire steps in vitro without any contact or mixing of other
animal cells, it is preferable to use organ culture for culturing inside the support carrier. In organ
culture, generally, culturing is performed by floating a porous membrane on a medium suitable for
growth of animal cells and placing a support carrier having the first and the second 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 pm, 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 format ion of a tooth having a specific
cell arrangement in response to the actions of various cytokines and the like from the animal cells.

Such culturg i the-presenge 19§ otheranimakeellsdnay benpedermed by gulturing ex yivondsing isolated
cells or cultured cells, and furthermore, the support carrier having the first and the second cell
aggregates mayertramsplantés intealiving orgarism tohcarry ovneeltdrerin Vivo.§0843Es  Such
transplantation into and culture in viva is especially preferable since a tooth and/or a periodontal tissue

can be fornfsd At aiTBEMY stabe PrefBrabie 8xampied of Hnithdis witieR thnbé J<6d &84 tiving
organism ing%m@@malssg@{erg@;{gppf_ Wman mamm Is ggchcagrgigégnqjmcea%ndghe animal is

more preferably derived from the same species as that of the tooth germ t issue . In cases where
culturing is performoed by transplanting intolamanimaldhatismol of thel same spesies3a the tooth germ
tissue, it is preferable to use an animal which was altered to be immunodeficient. In order to develop
an organ ortisskeloPahimal eelts a8 avaRaly as possiste L&Higlesoia sk Realivitigtarganism

suitable for such in vivo growth preferably include beneath the subrenal ¢ ule, mesenter
to(feq)m%é%tes.p entrg ugation at lower than %B%Xg may noty
(omentum), and subcutaneous’site.

be able to increase the cell density sufficiently, while
centrifugation at higher than 1200xg may cause damage to the
cells.

[0033]

In cases where high density cell masses 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 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 example, a culture medium or a buffer
solution) is preferably not more than the volume of the cells,
andmost preferably, components other than the cells of interest
are not contained. TIf such high density cell aggregates are
in close contact with each other inside the support carrier

according to the method described later, a closely-packed cell
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The culturing period after transplantation varies depending on the size of the tooth 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 7 to 60 days,
although it varies depending on the size of the tooth germ to be transplanted and the size of the tooth
to be regenerated. [0044] Ex vivo preculture may be performed prior to the transplantation into the
living organism. The preculture strengthens the bonds between cells and the bond between the 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 seven days or
more, is preferable since a tooth bud can be developed from a tooth germ during this period and thus

the culturing pesiod-aftes dhedransplantation can be shokteneds Ror example 1y thesase Of
transplantation and culture beneath the subrenal capsule, and organ culture as the preculture, the time
period of the organ [dUlt8ife is preferably 1 to 7 days. [0045] A tooth generated according to the
above-mentioned arrangement step and culturing step has a tooth-specific cell arrangement

(structure) having dent ir? IHERE &n§ 8hamel oliftide, 1 the present invention may

beone inwhichcellsmaybe cultured, andispreferably amixture
with the above-described medium. The material of the support
carrier is not particularly limited, for example, collagen,
agarosegel, carboxymethyl cellulose, gelatin, agar, hydrogel,
Cellmatrix (trade name), Mebiol Gel (trade name), Matrigel
(trade name), elastin, fibrin, laminin, extracellular matrix
mixture, polyglycolic acid (PGA), polylactic acid (PLA), and
lactic acid/glycolic acid copolymer (PLGA) may be used. 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 hardnesswhichisapplicabletothree-dimensional culture,

that is, a hardness with which the position of the cells can
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and preferably has directionality, that is, has a tip (tooth crown) and a root of a tooth at the correct
position, enabling it to sufficiently function as a tooth. Therefore, the generated tooth can be widely
used as an alternative to a tooth. Furthermore, it may be used in research for elucidation of the
generation process of a tooth. [0046] Furthermore, by extending the culturing period, in addition to
the tooth itself, a periodontal tissue such as the alveolar bone and periodontal membrane, which
support and stabilize teeth on the jaw bone can be formed. As a result, the practicality of the tooth
after the transplantation can be further improved. 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 contactlength canhe-adjusted depending ph fhersizes shapes and-positiar of the sellraggregate to
be arranged inside the support carrier. For example, when arranging the cell mass inside the support
carrier with asmicro syringe thedsizeshapes antepokiticreofthe bell aggregatelean breictathged
appropriately by changing the diameter of the syringe needle and by moving the tip of the needle
inside the sBﬁpGﬁ%ﬁﬁie?i%ﬁHiI]ee&tﬁfdirifélﬁweagéll'mass, and a contact length of any optional direction
of the two cell aggreggtescan be adjusted. When using a mesenchymal tissue and epithelial tissue as
the cell aggregate, the shape and size of the tissue can be adjusted before arranging it inside the
support carrier, anghyradjysting-theirateangepient position irside: heisuppotiariere acontact length
of the two cell aggregates can be adjusted.

invention may have a retention whereby the cells can maintain

their close contact of cell aggregate without being dispersed.

The “close contact” indicates that the above-mentioned high

density mesenchymal cell aggregate and epithelial cell

aggregatemaintainthe same level of densityeveninthevicinity

of the contact surface of the mesenchymal cells and epithelial

cells. Ifthe 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 Jjelly strength of 120 g

to 250 g according to the method conforming to JIS-K6503-1996

(measured as the load required topushdownby dmmwitha l12.7-mm

dia. plunger) provides an appropriate hardness. FEven 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 invention. 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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[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 cell aggregates and selecting the structure in which the
measured 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” in the present
invention. The measurement of the contact length can be done, for example, by observing through a
phase contrast microscope. [0049] Here, the length of one direction of the tooth refers to the width
of the tooth crown in any direction, for example, the width in the buccolingual direction (direction
perpendicular to the row of teeth), and the width in the mesiodistal direction (direction parallel to the
row of teeth) are ideally adopted, but not limited thereto. The measurement of the width of the tooth
crown can be donepropenly by those skilled in the art. [0050] It is noted that when a regenerated
tooth germ is formed by adjusting a contact length of the predetermined one direction of the first cell
aggregate and the Seeomttcélbdggrefats; onmally, thederdgth ©f tlhe sameddirertion@asahé contact

length is adjusted in the tooth crown of the generated tooth. [0051] ,
second cell aggregate 1nside the support carrier are not

particularly limited, but if the cell aggregates is a cell mass,
for example, the precipitate obtained above by centrifugation
may be fed inside the support carrier with a micro syringe,
etc., and arranged. 1If the cell aggregate is a tissue, it can
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
first cell aggregate andthe secondcell aggregate inthe support
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 pressesagainstthefirstcell aggregate,
and thus both can be set in close contact with each other. More
specifically, by appropriately changing the position of the
tipoftheabove-mentionedsyringeneedle inthe supportcarrier,
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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One of the aspects according to the present invention of the method for producing a tooth 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 aggregate; a step of culturing each of the plurality of types of structures inside the support
carrier; a step of measuring the length of one direct ion of the tooth produced in the preceding step so
as to determine a correlation between the contact length and the length of one direction of the tooth;
and a step of calculating, based on the correlation, a contact length 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 aggregatgiaraaurangediipLlese gontast #1sidg asuppostcargerhyhanging 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 pharalitylofttypds dfsstiuttmrestinsite wha suppert cafrier can be exeturarhaecording to the
above-mentioned explanation of the arrangement step, the culturing step, and the method for adjusting

the contact length. {00531 THe Edrr&iBfion bERPEE e conthctiEngthshd the IERGIR'ST one
direction of the tooth can he found according o, a well-known meod or amethod confgming to the

same. For example, various graphs expressing the relationship between the contact length and the
length of the teoth4widih of theltbothccrown) meay bhesereated; or aHomula expreissingithe selationship
between the contact length and the length of the tooth may be created. Furthermore, the distribution of
the contact gt pro\ading thieSleagth-of SR BEHIMAG b& eREntiAdd 2ard tHe Fahgél6fcontact length

roviding the si fapr rmin h.m rmined,
provid gt:&ﬁé%gfﬁgg%¥ggcaﬁ%gg% ieggg%gﬁggviﬁgtostandattheculture

temperature for several minutes to several tens of minutes.
By this, components inside the cell aggregate other 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”) 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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[0054] 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 length in one direction based on the acquired
correlation can be executed by inserting the acquired size of the tooth in the above-mentioned formula
and graph. [0055] In this way, after determining 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 plurality of types of structures. Here, "almost the same conditions" refers to the
conditions under which a tooth having the same length in one direction can be obtained with good
reproducibility when-the-contaetlgpgthds sgt tao-the sames nbe agangement step andgwiuring step
for determining the contact length, and in the arrangement step and culturing step for producing a
tooth having & desiredlergth v one direetiondt i ddsined sfap exampié thiat theeuliwdhg Eonditions,
such as the type of the support carrier, temperature, constitution of the medium, and location of the
culture (Wh&MEF SnTGHYEnCulllivg Brsh VG Saithfe) B thiesame ™ ‘Fiifherh e "whn arranging
the first and.the second cell 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 fuliirei be theslength catculategkaboyver Thaseiskillethin therard eansappecpriately
determine which directions of the contact surface of the first and second cell aggregates will become
which direcfigids-in fheteethetd e e erdted inithe ftufe TMorexaimple 2WiRFrprddtEiRg molar tooth
in which thetloecr)lg h A of th n@fﬁiﬁ%diﬂa' giée tion is lon e(r)%han the Iefg%h. B of tg? l()juccglingual

. . rm.1 1 ormat,10 accumu ns nti
direction, the contaf sutface o enfﬁs% and second ce aggregalfes must Be generaﬁy re&angular,

and the longerside must farptheccantastlengthithat provides,length A inthe-mesiodistal direction.
dental root. To achieve the desired state, for example,
culturing can be performed for 6 days or 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 cell aggregates, or the culture may be performed
in the presence of other animal cells.

In cases where the culture isperformedonly 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
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[0056] 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 plurality of types of structures in
which the almost column-shaped 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 such that the axial direction of each column is parallel by changing a contact
length of t he axial direct ion 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 the
length of the one direction 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 first cell aggregate and the second cell aggregate required for obtaining a tooth
having a desied dengthria ene direstioneloag] e s o Fheaste of producing & plukality-afitypes of
structures with di fferent contact lengths and then performing the culturing step can be executed
according t&' & abovesMientioned explanation of the arrangement step, culturing step, and the method
for adjusting the contact length. As described above, the correlation between the contact length and
the length of one difd&ionl of the tooth can be expressed with a formula or graph, and the range of the
contact length providing the predefermingd tooth-length. can alsobe determined, Fallgwing this, a
contact length of the first and second cell aggregates required for obtaining a tooth having a desired
length in oneddireationcanibe detesminesshasacion thesereerrelatien®d0058lof viathe present
invention, the "almost column shape" refers to an elongated shape extending in one direction, such as
an almost cyRadrivanshapé anda-alifost prismatic ShapeCIfihé kellhggregate s atissae, the tissue
may be formed in an a%moglhcolumn.shaf)e an then,atrranged inf%ide #?f sutpgort carrier. Furthermore,
if the cell aé%;lréégt% iS cefl maegs,?grlénfamﬁ 8, the't ib of thie heedie 6 a micro élysr%g%rc%%nbe posit
ioned imidecﬁ‘?c%l&@%%@@@fb%@%%ﬂﬁé%s can be giranged.n,an; almostgylindrical shape
inside the support carrier by extruding the cells while moving the tip of the needle.

culture, generally, culturing is performed by floating a porous

membrane on a medium suitable for growth of animal cells and
placing a support carrier having the first and the second cell
aggregates, on the membrane. The porous membrane used herein
is preferably a membrane having many pores with a diameter of
0.3 to 5pum, 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
theearly formationof atoothhavingaspecificcell arrangement
in response to the actions of various cytokines and the like
from the animal cells. Such culture in the presence of other
animal cellsmaybeperformedby culturingexvivousing isolated

cells or cultured cells, and furthermore, the support carrier
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[0059] In this way, after determining the required contact length, a tooth having a desired length in
one direction can be obtained by arranging the almost column-shaped first cell aggregate and the
second cell aggregate at the 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 plurality of types of structures. [0060] Another aspect of the method for
producing a tooth according to the present invention is a method for producing a molar tooth having a
desired length in a mesiodistal direction and/or a buccolingual direction, and includes: a step of
producing a plurality of types of structures in which the almost column-shaped first cell aggregate and
the second cell aggregate composed respectively of either one of mesenchymal cells and epithelial

cells are arrangeddn elase contaat inside acsuppert earier suchi thaldhe exial directign obeach column
is parallel by changing a contact length of the axial direction and/or a contact length of the direction

perpendicular ¢ thelaxis of thenfist eell aggreyate and the second cell aggregaté taisteplof culturing
each of the plurality of types of structures inside the support carrier; and a step of measuring the
length of th& hfdlar tooth produced in the preceding step in the mesiodistal direction and/or the
buccolingual directippspsas to determine a correlation between a contact length of the axial direction
and the length of the mesiodistal direction of the molar tooth, and/or a correlation between a contact
length perpendicularnterthetaxis apd dhe length of the buceelingual direetion of the welar teoth.

especially preferable since a tooth and/or a periodontal tissue
can be 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. 1Incaseswhereculturingisperformed
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 be immunodeficient. 1In order to develop
an organ or tissue of animal cells as normally as possible,
examples 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 wvaries
depending on the size of the tooth 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
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[0061] As described above, generally, because the width of the buccolingual direction of a molar
tooth is longer than the width of the mesiodistal direction, when the cell aggregate is formed in a
column shape, the width of the tooth crown in the mesiodistal direction can be controlled by controlling
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 arranging inside the support carrier, and then
adjusting its position inside the support carrier, the contact length in the axial direction and the contact
length perpendisular to-the axis ean bgrchanged: Fusthermorne,iihthe eelt aggragateds a-erll mass, for
example, when positioning it inside the support carrier with the help of a micro syringe, the diameter of
the cell aggrewdte cmbe thahgetdinchrangivic the didméter of dee péetles darebiby:changing the
distance in which the tip of the needle is moved inside the support carrier, the length of the axial
direction of & E8F 4§§fedate can be changed. Furthermore, after arranging one cell aggregate, by
adjusting the positi% (iﬂlyypich another cell aggregate is arranged, the distance between the axes of
both cell aggregates can be changed. By reducing the distance between both axes such that they are
pressing against each otherothe eentact suréace of the eelkaggregatecbegomes generalijndarger, and in
this way, a contact length of the axial direction and a contact length of the direction perpendicular to
the axis cartBé thaAGEd.JD063] 1ntBesides thesd tHe andnpenent stePeculitriny Stel,and the
steps of determinir%elt%he corrglgtigg bo?tween the variOﬁ Isen%gstcgg l%% ggrformed accoEdeing to the

. Ftre ﬁn& t nds between ce a between t
earlier-mentione ods.

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 preculturingperiodisnot particularly limited. 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 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 tooth-specific cell

arrangement (structure) havingdentin inside andenamel outside,
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[0064] In this way, after determining a contact length of the axial direction and/or a contact length
of the direction perpendicular to the axis, amolar tooth having a desired length in a mesiodistal
direction and/or a buccolingual direction can be obtained by arranging the almost column-shaped first
cell aggregate and the second cell aggregate at the 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 plurality of types of structures. [0065]

Furthermore, 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 arranging the first and the second cell
aggregates in close contact in an almost column shape in the arrangement step such that the axial

direction of gaghceluran isparallel and-a contac lengf) of the-axial dirgstian of the fiest @nd second
cell aggregates is within the range between plus and minus 25%, preferably 10% of the
above-mentioweddesiteddength: [0066]t oo tAsaledcribetblater cthee praisent inveriteisifonad that when
an almost cylindrical shaped mesenchymal cell mass and epithelial cell mass are arranged in close

contact insid& a 'SOppBi CarmibPRUCH thatihetahial ditEctidn bPthe circulaF GBI pafdifél, the length
of the tooth thus praduced. depends an g contact lengih,af the axial direct ion of the gjrcylar column.

Furthermoré, it was found that by setting the contact length to approximately within the range between
plus and minus 258enpreterabty e approxisratelyn 1086 ehtherdesired 1ergthaa teathdn which the width
of the tooth crown of the mesiodistal direction is of the desired length could be obtained. Therefore, for
example, if @XB6tARVPHICH TR Ridth of tfe oot Brown of the mesiodistal direction is approximately X
pm is to be produc %’oﬂz?% first cell aggregate and the second cell aggregate may be formed in an
almost column sha?.l)e, and a contact length of the axial direction may be set between 0.75X pm and

1.25X pm, preferaly, betyeen,Q.9X pHi/a@X%éMng[OQ@Q culturing period, in

addition to the tooth itself, a periodontal tissue such as the
alveolar bone and periodontal membrane, which support and
stabilize teeth on the jaw bone can be formed. As a result,
the practicality of the tooth after the transplantation can
be further improved. 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 contact length can be adjusted depending on the size,
shape, and position of the cell aggregate to be arranged inside

the support carrier. For example, when arranging the cell mass
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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
preparing a cell aggregate having the desired length in the axial direction, a plurality of types of
structures in which the almost column-shaped first cell aggregate and the second cell aggregate are
arranged in close contact inside a support carrier may be produced, a contact length of the axial
direction of both cell aggregates may be measured, the structure 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
invention includes: a step of arranging a first cell aggregate and a second cell aggregate composed

respectively: efseither apesabmersenshymalcells ardepithelialcellsinclose sontactdnside,a support
carrier; and a step of culturing the first and second cell aggregates inside the support carrier, wherein
the maximuan damactiengthr 6f the first.del aggretpite adthe sdvondasthagyragate issdqual to or

less than the predetermined value, [0069] , ,
by changing the diametér of the syringe needle and by moving

the tip of the needle inside the support carrier while extruding
the cell mass, and a contact length of any optional direction
of the two cell aggregates can be adjusted. When using a
mesenchymal tissue andepithelial tissue as the cell aggregate,
the shape and size of the tissue can be adjustedbefore arranging
it insidethe support carrier, andbyadjustingtheirarrangement
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
cell aggregatesandselectingthe structure 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”
inthepresent invention. Themeasurement of the contact length
can be done, for example, by observing through a phase contrast

microscope.
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When an unexpected tooth aggregate was obtained according to the method 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 enamel knot that stipulates the number of teeth formed
from the tooth germ is not formed in a number 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 aggregate and the second cell aggregate.
[0071] Furthermore, if the method for producing a single tooth according to the present invention
is applied to a mousgepa gontact length of the first and second cell aggregates is 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 preferablyfegieal td bemiote ditdn ©60 pne, ahdomore preferfabhheqiial ab lor pedrethan 200 pm.

The contact Iengﬁh can be controlled according to the already mentioned description.
to the width of the tooth crown i1n any direction, for example,

the width in the Dbuccolingual direction (direction
perpendicular to the row of teeth), and the width in the
mesiodistal direction (direction parallel to the row of teeth)
are ideally adopted, but not limited thereto. The measurement
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 germ is formed
by adjusting a contact length of the predetermined one direction
of the first cell aggregate and the second cell aggregate,
normally, the length of the same direction as the contact length
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 tooth 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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[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 dent in formed in continuity, 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 present 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 tooth
missing part within an oral cavity according to the present invention, it is possible to transplant a tooth
germ or a tooth in any stage that is produced in the producing method according to the present

invention. If4hg fepation af thetoath crowmcanke seen, 8 1S prefesabledo place the {gath crown on
the inner side of the oral cavity. If the formation of the tooth crown cannot be seen, it is preferable to

arrange thecpittialiattelklayet of tiieecoiresponding thard of thertboth crewncdr thesepithietial cell layer
of the reconstructed tooth germ towards the inner side of the oral cavity. Furthermore, it is preferable

to arrange thBOpER PaR F (HeSePithEfdimBseh iyt Cell Ry _FBFfHE TBJoNSHI&ET TGt germ on
the opposite side of the inneyside of the oral cavity, 1n this way. the 1ip ofthetoath (the fogth crown) is

towards the inner side of the oral cavity and has the same directionality as the surrounding teeth.
and the length of one direction of the tooth; and a step of
calculating, based on the correlation, a contact length 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 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
culturing step, and themethod for adjusting the contact length.

[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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[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 part i cular limitations concerning the mis sing part and the type of the desired tooth. The
missing part is usually located at the jaw bone or the alveolar bone inside the oral cavity. Furthermore,
along with the tooth loss, 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
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 spegies asthatfrommshiehdhe teoth gerayused forprodusing of teothtis extracted, and more
preferably must be the same individual as that from which the tooth germ is ext racted . Mammals,
such as hurmantbeingspoows, toysess pigs cdogs] catst ard rhivercarmbeetvett as thw antihral.

Non-mammals may also be used. [0077]
relationship between the contact length and the length of the

tooth may be created. Furthermore, the distribution of the
contact lengthprovidingthe length of 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 required for
obtaining a tooth having a desired length in one direction 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 andthe secondcell aggregate at thedesired
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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Furthermore, the present invention also 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, and the culturing method have been
identified. 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 tooth having a desired length in one direction can be obtained.
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, a contact length of both cell aggregates, which is required for producing a tooth having the
predetermined.lengthtip ope dirgstian.or  ddergcthermethoditer determining theceentactiength
includes: a step of producing a plurality of types of structures in which the first cell aggregate and the
second cellaygregate tompesed respekctivefyrofEither onel dflmesenchlyradl eelid dreivépithelial cells
are arranged in close contact inside a support carrier by changing a contact length of the

predeterminetforfé e dtfoiFbf the Jirsttell Sygrédat8andihe Qe cORG 2l aggriyate; H°5Ep of
culturing eaf@g?ﬁé'&% plurality of types of structyes inside the supprt carier;, astep ot measuring the

length of one direct ion of the tooth produced in the preceding step so as to determine a correlation
between the gortactlengthvane the stzecohihe taotharidg stepwffeatculatiogrbhasaecioniibe
correlation, a contact length of the first cell aggregate and the second cell aggregate required for
obtaining a t66th#avirg addesired RAgthtihoRE BRECHBIE JO0FBEP 2FukReimsrenthé prdsent
invention al§o rovides a methaod f0{ d%sig]nin%th%metho%f?r rog%c.ing a sianLIe tog:th under
predetermineO donditions 9 @ TR a%ovae-r%l% t%needg(]:lgﬁgmr?g method accor ﬁgefo t]hoenpresent
invention ingludes amethod fordetarmining, whep the first gell aggrggate and the secondrcell
aggregate composed respectively of either one of mesenchymal cells and epithelial cells are arranged
in close coact inside asuppark eastigrp the: maxdmiiarcontach engthu okhothocelt aggregates, which is
required for producing a single tooth. Furthermore, the method for determining the maximum
contact length iREIBIdBS 94 '$fep BF oty & plualifysf types BfF strittiréd FrwhicPthéditst cell
aggregate acndl herseecggdacrtlall -aggregate compose rggp%%tié/elé/a%‘eeither one of mesenchymal cells
and epithelia}lce fs"are arranged in close contact inside a support carrier by changing the maximum

contact length of the firstcalhagaregate and-thersecond gellagaregate] aistepLof culuringieach of the
plurality of types of structures inside the support carrier; and a step of measuring the number of teeth

produced iretheqrgesding step e asite detempaing the maxdémum tontactilengtredf thedfirsecell

aggregate and t he second cell aggcregate required for obtaining a sin%le tooth, |
contact length o he 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 in 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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[0079] It is noted that the terms used herein are used to explain a specific embodiment, and are
not intended to limit the invention. Moreover, the term "include" used herein is intended to mean
the presence of a matter described (member, step, element, numeral, etc.) except for a case where a
different 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, numeral, 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 casewwhere an-embedimesat ob Hhepresent invetianisexplainashwith referaaeeto a
schematic drawing, and when the schematic diagram is employed, an exaggerated explanation may
be introducéd dr the purpese ckaweRplicitiexptdrations 1 od Terms of st tsetond", etc., are used
to express various elements, and it is understood that these element s should not be limited by the
terms. These terms' & ded merely to distinguish between one element and another element. For

example, it is possiplg o dgsarpe. 2 st elemant assecond slamenh padsimiaryaing second
element as the first element, without departing from the scope of the présent invention. [0080]

a desired length in one direction according to the present
invention includes: a step of producing a plurality of types
of structures in which the almost column-shaped 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 such that
the axial direction of each column is parallel by changing a
contact lengthof theaxial directionofthe 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 direction 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 first 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 lengthsandthenperformingtheculturing
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Even in the above-mentioned designing method, the mesenchymal cells and epithelial cells can be
derived 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. Preferably, 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] (1) Preparation of Tooth Germ Epithelial Cells and Tooth Germ Mesenchymal Cells

step can be executed according to the above-mentioned
explanation of the arrangement step, culturing step, and the
method for adjusting the contact length. As described above,
the correlation between the contact length and the length of
one direction of the tooth can be expressed with a formula or
graph, and the range of the contact length providing the
predetermined tooth length can also be determined. Following
this, a contact length of the first and second cell aggregates
required for obtaining a tooth having a desired length in one
direction can be determined based on these 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, thetipoftheneedleofamicrosyringecanbepositioned
inside the support carrier, and the cell mass can be arranged
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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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.)
, @ mandibular molar tooth germ tissue was removed under the microscope by a conventional method.
The mandibular molar tooth germ t issue was washed with Ca27, Mg27-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) supplemented with
10% FBS (manufactured by Invitrogen, Carlsbad, CA) three times. Subsequently, a DNase | 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 sgpasajed usinga;25 Geinjection needls (Maswiagiured by Jiensnopd kyoadapan).  The
tooth germ epithelial tissue was washed with PBS(-) three times, and treated at 37C for 30 minutes
with the enyimescintichnwhicreis PBS(Y dissolved withr£001U/nil {fimal concemeatiory €olfagenase |
(manufactured by Worthington, Lakewood, NJ), and this process was repeated twice. The cells whose

precipitate Wa§ r&t608R 6 tHrb fgH &ty atiohWers treafed B 37E dr tér Aifuted Wwith the enzyme
solution whichig RBS() disgalyed yathQ.25% Trypsin, (final congentration) (manyfactured by Signma).

This was followed by washing cells with DMEM (manufactured by Sigma) supplemented with 10%
FBS (manufagtured hy Invitsogea} thtee imese Subsequerily,sa bNesen sotutiar fmantfastured by
Takara) was added to a final concentration of 70 U/ml to the cells, and a suspension of the tooth germ
epithelial cellssepatatBdPwithypipeting faswbtdined, andomte beHer Wandthe bl gérn
mesenchymal tissue was washed with PBS é tk%%e times, and treated at 37 C for 20 minytes with the
enzyme solGtiSIy which'is E’ESE?QGBS(S)R/%% with "I tLﬁfarrﬁlls(fin“’la‘T’ concentra %\ﬁ? d%?lggér?gsee I

(manufactugech by, Worthington)  This was further, ireated; foy, ter minutes with, PBS(-) stpplementedwith
0. 25% Trypsin (manufacturedby Signma) and 100 U/ml Collagenase | (manufactured by

Worthington). Subseguenily, 70 U/ml DNase | solution (manufactured by Takara) was added to obtain

a suspension of the tooth germ mesenchymal cells separated with pipeting. [0083] (2) Preparation of
Reconstructed TOO%W@@PW aspect of the method for producing a tooth

according to the present invention is a method for producing
amolar tooth having a desired length inamesiodistal direction
and/or a buccolingual direction, and includes: a step of
producing a plurality of types of structures in which the almost
column-shaped first cell aggregate andthe 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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Next, a reconstruction of tooth germ was carried out using the above-prepared tooth germ epithelial
cells and tooth germ mesenchymal cells. In a 1.5 ml micro tube (manufactured by Eppendorf,
Hamburg, Germany) to which silicone grease was applied, tooth germ epithelial cells or tooth
germxmesenchymal 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 culture medium after the centrifugation was
removed as much as possible, and centrifugation was carried out again for three minutes at 6 0 0 xg,
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 Eppendorf). To
a petri dish to which silicone grease was applied, 30 ul of Cellmatrix type I-A (manufactured by Nitta
gelatin, Osaksu Japan) waspaddead-dopwiserte preparriacgllagep gel drapleiasia suppoert carrier. To
thi s solution, the precipitate obtained after centrifugation of the tooth germ mesenchymal cells was
placedquantiiativetyigsingadHamiltdre Syvinge {Z105KH PT13: etadmufactueed by BAMIETON, Reno, NV)
to prepare a cell mass in the form of cylindrical shaped cell aggregate. Subsequently, tooth germ

epithelial celisTRTRE EYLAPAMSUNY &5 thé (GOt Gt MEEhBhimal eIk vére Anaf§dd Mthe same
way to form g gellmass siich thatdhe respeclive sides gf.hoth cell masses are,in conigetwith each

other and the axial direct ion is parallel to the cylindrical shaped cell mass of the tooth germ
mesenchymal €eds psepared«aslicro and ecreconstiuciedtiaath gernywasqreparedi cul After this, the
collagen gel drop was solidified by allowing it to stand for 20 minutes at 37C, and the bond between
the two cellrRas$sts Wwis madeistrdry. /R edliflredfessepwas prepared suchth&EDMEN (Afanufactured
by Sigma) swgl%mﬁgtgdtvgig}:}ﬁ% FBS (manufactured by Invitrogen) is in contact with Cell Culture
Inserts (PEJf membrane having & pore size of 0.4 pm; manufactured by BD). The solidified
reconstructed tooth;geygn yas transferred onto the membrane of Cell Culture Inserts in the culture
vessel, to carry out organ culture on the Cell Culture Insert with the conventional method at 37C, 95%
RH, and 5% CO2. 0984 s cr i (3)Anadlyziag therSize bi the Regenerated<l adthtGern witke Organ
Culture The cylindrical-shaped cell aggregates of the epithelial

buccolingual direction of amolar tooth is longer than the width

of themesiodistal direction, when the cell aggregate is formed

in acolumn shape, thewidth of the tooth crown inthemesiodistal

direction can be controlled by controlling 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. 1If the cell aggregate is a tissue,

then by forming it into the desired diameter and length before
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cells and mesenchymal cells were arranged in contact with each other at a length less than 450 pm,
between 450 pm and 900 pm, and between 900 pm and 1500 pm to form three groups of
reconstructed tooth germs, and a reconstructed tooth germ was formed through organ culture (Fig. 1).
The contact length between both the cell masses was measured with a phase contrast microscope.
To analyze the width of the tooth crown region of the regenerated tooth germ, the width of the tooth
crown region that would be the future tooth crown marked with the arrow heads in Fig. 2 was
measured on the seventh day of organ culture in the regenerated tooth germ using a phase contrast
microscope. The measurement position is also shown with arrows in the photograph on the seventh
day in Fig. 1. The measurement results are shown in Fig. 3. Fora contact length less than 450 pm,
the width of the tooth crown region was 366103.1pm, for a contact length between 450 pm and 900

pm, the width-etiheitagth srovderegien yvass84.0493:3i pm, anddor aaontactiengthpatiween 900 pm
and 1500 pm, the width of the tooth crown region was 934.9239.8 pm. This indicates that the longer
the contact fergjth of the epithelishcels aggregate andimesenhthyaral celt aggragate doringehe
formation of the recanst ructed tooth germ, the wider the tooth crown region on the regenerated tooth

germ. FUttfernioré SEigT 45s A6tatter chan of the hieadbfedGAIEE Of tiE 8dnthtt [eRGth and the
width of the.grownJegiag, anglingarapproximation s perfarmed ordhg straight dge in the figure with
the least square method. The formula expressing the straight line was y = 0.7114x + 133.95. [0085]
(4) Analyzing dke Size of thedRegeaerated Toeth by SubrendlCapsule Assaythe 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 betweenthe axes of bothcell aggregates can be 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, culturing step, and
the steps of determining the correlation between the various

lengths can be performed according to the earlier-mentioned

methods.

53



From an eight-week old C57BL/6 mouse under anesthesia, the hair on the back 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 mm using a blade (manufactured by Feather, Tokyo, Japan) . In the space between
the kidneys and the subrenal capsule, the three groups of reconst ructed tooth germs with di fferent
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
21st day after subrenal capsule assay. The regenerated tooth that was extracted is shown in Fig. 6.
The part marked with arrowheads in Fig. 6 was measured as the width of the tooth crown using a
stereoscopic microscope. The measurement results are shown in Table 1. [Table 1] A

[0064]

In this way, after determining a contact length of the
axial direction and/or a contact length of the direction
perpendicular to the axis, amolar tooth having a desired length
in a mesiodistal direction and/or a buccolingual direction can
be obtained by arranging the almost column-shaped first cell
aggregate and the second cell aggregate at the 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 plurality of
types of structures.

[0065]

Furthermore, 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 arranging the first
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 parallel, 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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Contact length in reconstructed tooth germ (pm) 437.91 Actually-measured value of crown width of
regenerated tooth (pm) 482.29

[0066]

As described later, the present inventors found that when
an almost cylindrical shaped mesenchymal cell mass and
epithelial cell mass are arranged in close contact inside a
support carrier such that the axial direction of the circular
column is parallel, the lengthof the tooth thus produceddepends
onacontact lengthof theaxial directionof thecircular column.
Furthermore, it was found that by setting the contact length
to approximately within the range between plus and minus 25%,
preferably to approximately £10% of the desired length, a tooth
inwhichthewidthof thetoothcrownof themesiodistal direction
is of the desired length could be obtained. Therefore, for
example, if a tooth in which the width of the tooth crown of
themesiodistal directionis approximatelyXumis 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 pm and 1.25X uym,
preferably between 0.9X pm 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 preparinga cell aggregate having
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Difference in tooth crown size; (B-A) (pm) 44.38 Difference percentage; In-Al/Ax100(%) 10.13

the desired length in the axial direction, a plurality of types
of structures in which the almost column-shaped first cell
aggregate and the second cell aggregate are arranged in close
contact inside a support carrier may be produced, a contact
length of the axial direction of both cell aggregates may be
measured, the structure 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 invention includes: a step of arranging a first cell
aggregate and a second cell aggregate composed respectively
of either one of mesenchymal cells andepithelial 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 less 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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317.34

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 toothwith good reproducibility canbe obtained.
This is probably because the first enamel knot that stipulates
the number of teeth formed from the tooth germ is not formed
in a number 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 1line from
among the straight lines included in the contact surface of
the first cell aggregate 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 is
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 pm. The contact length

can be controlled according to the already mentioned
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336.77 460.00 386.35 491.92

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, anddentin formedincontinuity,
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 present 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 tooth missing part within
anoral cavityaccordingtothepresent invention, it ispossible
totransplant atoothgermoratooth inany stage that isproduced
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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49.58 31.92 14.726.94

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 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
reconstructed tooth germ on 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 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 arenoparticular limitations concerning themissing part
and the type of the desired tooth.

The missing part is usually located at the jaw bone or
the alveolar bone inside the oral cavity. Furthermore, along
with the tooth loss, 1if 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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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 fromwhichthetoothgermisextracted.
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 invention also provides amethod
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, and the culturingmethod have been identified.
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 obtained.
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458.72 511.48 490.37 402.97

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,
a contact 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 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 contact inside a support
carrier 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
the lengthofonedirectionof thetoothproducedinthepreceding
step so as to determine a correlation between the contact length
and the size of the tooth; and a step of calculating, based
on the correlation, a contact length of the first cell aggregate
and the second cell aggregate required for obtaining a tooth

having a desired length in one direction.
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31.65 (108.51) 6.90 21.22 384.75

[0078]

Furthermore, the present invention alsoprovides 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
contact 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
contact inside a support carrier by changing the maximum contact
lengthof the first cell aggregate and the secondcell aggregate;
a step of culturing each of the plurality of types of structures
inside the support carrier; and a step of measuring the number
of teeth produced in the preceding step so as to determine the
maximum contact lengthof the first cell aggregate andthe second

cell aggregate required for obtaining a single tooth.
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426.23 502.64 468.40 117.89 42.17

[0079]

It is noted that the terms used herein are used to explain
a specific embodiment, and are not intended to limit the
invention.

Moreover, the term "include" used herein is intended to
mean the presence of amatter described (member, step, element,
numeral, etc.) except for a casewhereadifferent 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, numeral, 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 acasewhereanembodiment of thepresent 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.
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30.64 9.89

Terms of "first", "second", etc., are used to express
variouselements, andit isunderstoodthat theseelements 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, the secondelement as the first element,
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 derived 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. Preferably, 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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996.84 1000.00 979.63 1083.81

(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.), amandibularmolar tooth
germ tissue was removed under the microscope by a conventional
method. The mandibular molar tooth germtissue was washed with
Ca%} Mng—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 (manufacturedby 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 germepithelial tissue and tooth germmesenchymal
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 1is PBS(-) dissolved with 100 U/ml (final
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(17.21) 83.81

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) supplemented with 10% FBS
(manufactured by Invitrogen) three times. Subsequently, a
DNase I solution (manufactured by Takara) was added to a final
concentration of 70 U/ml to the cells, and a suspension of the
tooth germ epithelial cells separated with pipeting was
obtained.

On the other hand, the tooth germ mesenchymal 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 Dby
Worthington). 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 (manufacturedby Takara)
was added to obtain a suspension of the tooth germ mesenchymal
cells separated with pipeting.

[0083]
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The average value of the percentage expressed by D in the table was 13.03, and the standard
deviation was 10.00. Furthermore, the width of the tooth crown obtained by dividing the
above-mentioned measurement results into three 71 based on a contact length of less than 450 pm,
between 450 pm and 900 pm, and between 900 pm and 1500 pm is shown in Fig. 7. For a contact
length less than 450 pm, the width of the tooth crown was 497118.0pm, for a contact length between
450 pm and 900 pm, the width of the tooth crown was 727.0271.4 pm, and for a contact length
between 900 pm and 1500 pm, the width of the tooth crown was 1073.9186.0 pm. This indicates that
the longer a contact length of 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.

(2) Preparation of Reconstructed Tooth Germ

Next, a reconstruction of tooth germwas carriedout using
the above-prepared tooth germ epithelial cells and tooth germ
mesenchymal cells. In a 1.5 ml micro tube (manufactured by
Eppendorf, Hamburg, Germany) to which silicone grease was
applied, tooth germ epithelial cells or tooth 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 culture medium
after the centrifugation was removed as much as possible, and
centrifugationwas carriedout again for threeminutes at 600xqg,
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 upl (manufactured by
Eppendortf) .

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, theprecipitate
obtained after centrifugation of the tooth germ mesenchymal
cellswasplacedquantitativelyusingaHamiltonsyringe (7105KH

PT-3, manufactured by HAMILTON, Reno, NV) to prepare a cell
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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. [0086] (5)
Analyzing the Number of Cusps of the Regenerated Tooth with a Micro CT Using 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 90.0 kv, electric current
0f150.0Awith 10 pm/Pixel. The results are shown in Fig. 9. Next, the image was analyzed using
i-View (manufactured by RIGAKU, Tokyo, Japan), a 3D image of the regenerated tooth was taken, and
the number of cusps of the regenerated tooth was counted. Ifacontact length of the cell masses of
epithelial cells and mesenchymal cells during the producing of the reconstructed tooth germ, and the

number of cusps ofithe ragenerated teath genearatad: baneathhthessubrenal capsuleargyiotted and the
correlation coefficient is calculated, a strong correlation is seen to exist between the contact length
during recofstpsctionearid the hamberass cuspe of itisd tegeveraiet ioothh(R2e016583(FignL0). This
indicates that the longer a contact length of the epithelial cells and mesenchymal cells during

reconstructio, the MR theUMber SFPAEPEIA theFegEnEFiEdI6SHI s 7™ the same

way to form a cell mass such that the respective sides of both
cellmassesareincontact witheachotherandtheaxialdirection
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 vessel was
prepared such that DMEM (manufactured by Sigma) supplemented
with 10% FBS (manufactured by Invitrogen) 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 Culture 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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(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
of 300 to 5 0 0 pm. By preparing a cell mass using a cell suspension of approximately 0 . 05 pl
capacity with a Hamilton syringe having an internal diameter of 0.330 mm (7105KH PT-3,
manufactured by HAMILTON, Reno, NV) as used in example (2), and by preparing a cell mass using a
cell suspension of approximately 0.02 ul capacity with a Hamilton syringe having an internal diameter
of 0.203 mm (7002KH 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 regenerated
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

regeneratedtooth germieskewn jmkig ckl, thewwidth of the gawn ofdbe regenrateddeeth 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 is changét:byKeepihgthie tohtaet IEhgth Withina fixed range, Ao Sigmifieant Mdhgewas

observed in the forms of the re(generated tooth 5qerm and the regenerated tooth. MCSLLP_Claims
and between 900 pm and 1500 pm to fdrm three groups of

reconstructed tooth germs, and a reconstructed tooth germ was
formed through organ culture (Fig. 1). The contact length
between both the cell masses was measured with a phase contrast
microscope.

To analyze the width of the tooth crown region of the
regenerated tooth germ, the width of the tooth crown region
that would be the future toothcrown marked with the arrow heads
in Fig. 2 was measured on the seventh day of organ culture in
the regenerated tooth germ using a phase contrast microscope.
The measurement position is also shown with arrows in the
photograph on the seventh day in Fig. 1.

The measurement results are showninFig. 3. Foracontact
length less than 450 pum, the width of the tooth crown region
was 366x103.1um, for a contact length between 450 pm and 900
pm, the width of the tooth crown region was 584.0+103.3 upm,
and for a contact length between 900 pm and 1500 pm, the width
of the tooth crown region was 934.9£239.8 um. This indicates
that the longer the contact length of the epithelial cell
aggregate and mesenchymal cell aggregate during the formation

of the reconstructedtoothgerm, thewider the tooth crown region
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1. A method for producing a tooth having a desired length in one direction, comprising: 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 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 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. 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 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-andthensacondcellaggregaten .

Furthermore, Fig. 4 is a scatter chart of the measured
values of the contact length and the width of the crown region,
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 = 0.7114x + 133.95.

[0085]

(4) Analyzing the Size of the Regenerated Tooth by
Subrenal Capsule Assay

From an eight-week old C57BL/6 mouse under anesthesia,
the hair on the back 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
2to3mmusing a blade (manufactured by Feather, Tokyo, Japan) .
In the space between the kidneys and the subrenal capsule, the
threegroups 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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MCSLLP are respectively composed either one of mesenchymal cells and epithelial cells;

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; 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 step of arranging the first
cell aggregate and the second cell aggregate inclose 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 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.

in Fig. 6 was measured as the width of the tooth crown using

a step

a stereoscopic microscope.

The measurement results are shown in Table 1.

[Table 1]
Y B [ D
Actually- )
Contact length measured wvalue Difference in Difference
in reconstructed iof crown width t?Oth crown percentage;
tooth germ (pm) of regenerated SrEss |E-&| /a=100 (%)
tooth (pm) (B-A) ()
437.91 452,29 44 38 10.13
410,77 529,76 115.9% 28.97
3158.38 317.34 (1.04) 0.33
336.77 386.35 49._58 14.72
450,00 491,92 31. 892 6. 594
619,87 7az.57 142.70 23.0Z2
549,87 578.28 28.41 5.17
295,25 387.88 92.63 31.37
445,70 459 .61 12.91 2.89
458.72 490,37 31.65 6.50
511. 48 402,97 (108.51) 21. 22
384.75 50zZ. 64 117.8%9 30. 64
426,23 455, 40 42,17 9.89
9zZ4. 66 1017. 47 92.81 10.04
10=20.24 1240. 64 220.40 21. 80
995,54 979,63 (17.21) 1.73
lo000. 00 1083.81 83.81 g8.38
1223.27 1293. 17 659,90 5.71
915.86 989.76 73.90 g.07

The average value of the percentage expressed by D in

the table was 13.03,

Furthermore,
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and the standard deviation was 10.00.
the width of the tooth crown obtained by

dividing the above-mentioned measurement results into three




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 MCSLLP in which an almost column-shaped first cell
aggregate and second cell aggregate 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 of the
first cell aggregate and the second cell aggregate, wherein the first cell aggregate and the second cell
aggregate are respectively composedof either one of mesenchymal cel Is and epithelial cells ; a
step of culturing each of the plurality of types of structures inside the support carrier;

based on a contact length of less than 450 pm, between 450 um
and 900 pm, and between 900 um and 1500 pum is shown in Fig.
7. For a contact length less than 450 pm, the width of the
tooth crown was 497+£118.0um, for a contact length between 450
pm and 900 um, the width of the tooth crown was 727.0+271.4
pm, and for a contact length between 900 um and 1500 um, the
width of the tooth crown was 1073.9+186.0 pym. This indicates
that the longer a contact lengthof theepithelial 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 sqguare method. The formula
expressing the straight line was y = 0.7257x + 272.15.

[0086]

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

Using 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 90.0 kv, electric current of 150.0Awith 10 pm/Pixel.
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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; 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 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 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
MCSLLP epithelial cells; and a step of culturing the first and second cell aggregates inside the

support carrier.

The results are shown in Fig. 9.

Next, the image was analyzed using i-View (manufactured
by RIGAKU, Tokyo, Japan), a 3D image of the regenerated tooth
was taken, and the number of cusps of the regenerated tooth
was counted. Ifacontactlengthofthecellmassesofepithelial
cells and mesenchymal cells during the producing of the
reconstructed tooth germ, and the number of cusps of the
regenerated tooth generated beneath the subrenal capsule are
plotted and the correlation coefficient iscalculated, 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
0f300to500um. Bypreparingacellmassusingacell suspension
of approximately 0.05ul capacitywithaHamilton syringe having

an internal diameter of 0.330 mm (7105KH PT-3, manufactured
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4.A method for producing a molar tooth having a desired length in a mesiodistal direction and/or a
buccolingual direction, comprising: a step of producing a plurality of types of structures in which an
almost column-shaped first cell aggregate and second cell aggregate 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 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
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 the molar tooth produced in the preceding step in the mesiodistal direction
and/or the buccolingual direction and determining a correlation between the contact length of the axial

direction anghthenlengtioaf, MESL)Rv) as used in example (2), and by preparing
a cell mass using a cell suspension of approximately 0.02 pl
capacity with a Hamilton syringe having an internal diameter
of 0.203 mm (7002KH 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
regenerated tooth germ and the regenerated tooth formed from
this reconstructed tooth germwere analyzedby 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 inFig. 13. Even if the number
of cells is changed 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.
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the mesiodistal direction of the molar tooth, and/or a correlation between the contact length
perpendicular to the axis and the length of the buccolingual direction of the molar 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 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 cell aggregate
and second cell aggregate in close contact inside the support carrier such that meé:&r};act length of
the axial direction and/or the contact length of the direction perpendicular to the axis’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 epitheligd cells; and a step of culturing the first and second cell aggregates inside the
support carrier.
1. 2 method for producing a tooth having a desired length
in one direction, comprising:
a step of arranging a first cell aggregate and a second
ceilaggregateinclosecontactinsideasupportcazrier,wherein
rhe 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 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.

2. 2 method for producing a tooth having a desired length
in one direction, comprising:

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 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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5.A method for producing a tooth having a desired length MCSLLP 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 and that a
contact length of the axial direction of the first and second 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 respectively composed of eithé€rSonaé 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 claim 5, wherein the step of

are respectively composed 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; 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;

astepofaxrangingthefirstcellaggregateandthesecond
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 cell aggregate
are respectively composed of either one of mesenichymal cells
and epithelial cells; and

a step of culturing the first and second cell aggregates

inside the support carrier.
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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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 axial direction of the first and the

_second cell aggregates; and a step of selecting a structure of which the measured contact length

is approximately within the range between plus MCSLLP and minus 25% of the desired length.
MCSLLP

inwhichan almost column-shaped first cell aggregate and second
cell aggregate are arranged in close contact inside a support
carriersuchthattheaxialdirectionofeachcoldmnisparallel,
by changing a contact length of the axial direction of the first
cellaggregabeandth@secondceliaggregate,whereinthefirst
cell aggregate and the second cell aggregate are respectively
composedofeitheroneofnesenchymalcellsandepitheiialcells;

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; and

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

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 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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7. A method for producing a single tooth, comprising: a step of arranging a first cell aggregate and
a second 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 first cell aggregate and the second
cell aggregate are respectivelycomposedof either 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 predetermined value. 8. The method according to any one of claimgdlsto B, wherein
both the cell aggregates are cell masses. 9. The method according to any one of claims 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 designing a method for producing a tooth having a desired length in one direction under
a predetermined

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 degsired
tength in a mesicdistal direction and/or a buccolingual
direction, comprising:

a step of producing a plurality of types of structures
inwhich an almost column-shaped first cell aggregate and second
cell aggregate are arranged in close contact inside & support
carrier such that theaxial direction of eachcolumn isparallel,
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 a direction perpendicular to the axis, wherein the
first cell aggregate and the second cell aggregate are
respectively composed of elther one of mesenchymal cells and
epithelial cells;

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

a step of measuring the length of the molar tooth proeduced
in the preceding step in the mesiodistal direction and/or the
bhuccolingual direction and determining a correlation between

the contact length of the axial direction and the length of
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MCSLLP 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 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 wherein
the method for determining the contact length further includes: a step of producing a plurality of
types of structures in which the first cell aggregate and the second cell aggregatéi@fe.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 are respectively composed of either one of mesenchymal cells and epithelial

cells;  asgtep gheulbying-each of the-plusalityf typrs ohsiuciuressinside thensufaportzarrier;
correlation between the contact length perpendicular to the
axis and the length of the buccolingual direction of theznolar
tooth;

a step of calculating, 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 1in a
megsiodistal direction and/or a buccolingual direction;

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 length calculated in the
precedingstepandth@axialdirectionofeachcolumnisparallel,
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.

5. A method for producing a tooth having a desired length
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a step of measuring the length of one direction of the tooth produced in the preceding step and
determining a MCSLLP correlation between the contact length and the length 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. 11. A
method for designing a method 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 andiisstiest cell
aggregate and the second cell aggregate are respectively composed of either one of mesenchymal
cells and epithelial cells, a maximum contact length of the both cell aggregates, which is required for
producing a single tooth,

in one direction, comprising:

a step of arranging an almost column-shaped first ceil
aggregate and second cell aggregate in close contact inside
a support carrier such that the axial direction cf each column
is parallel and that a contact length of the axial direction
of the first and second 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 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 claim 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 axial direction
of the first and the second cell aggregates; and

a step of selecting a structure of which the measured

contact length is approximately within the range between plus
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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 MCSUP 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;

support carrier; and

and minus 25% of the desired length.

7. A method for producing a single tooth, comprising:

a step of arranging a first cell aggregate and a second
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 first cell aggregate
andthesecondcellaggregatear@respectivelycomposedofeither
one of mesenchymal cells and epithelial cells;

wherein a maximum contact length of the first cell
aggregate and the second cell aggregate is egual to or less

than a predetermined value.

8. The method according to any one of claims 1 to 7, wherein

both the cell aggregates are cell masses.

9. The method according to any one of claims 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 designing a method for producing a tooth

havingaidesired.l@ngthjjlone«iirectionnundereapredetermined
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a step of culturing each of the plurality of types of&ggg&ges inside the



a step of measuring the number of teeth produced in the preceding step and determining the
maximum contact length of the first cell aggregate and the second cell aggregate which is required for
obtaining a single tooth. 12. The method according to claim 10 or 11, wherein at least one of the
mesenchymal cell and the epithelial cell is derived from a tooth germ.

MCSLLF

condition,

wherein the designing method includes a method for
determining, when the first cell aggregate and the second cell
aggregatearearrangedinclosecontactinsideasupportcaxrier
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 reguired for
producing a tooth having a desired size, and

wherein the method for determining the contact length
further includes:

a step of producing a plurality of types of structures
inn 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 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
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MCSLLP

correlation between the contact length and the length 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.

11. A method for designing a method 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
aggregatearearrangedincldsecontactinsideasupportcarrier
and the first cell aggregate and the second cell aggregate are
respectively composed of either one of mesenchymal cells and
epithelial cells, a maximum contact length of the both cell
aggregates, which is reguired for producing a single téoth,
and

wherein the method for determining the maximum contact
jength further includes:

a step of producing a plurality of types of structures
iy which the first cell aggregate and the second cell aggregate
are arranged in close contact inside a support carrier by

ChaﬂgingtheﬁaximumcontactlengU2ofthefirstcellaggregate
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MCSLLP

and the second cell aggregate, wherein the first cell aggregate
sndthesecondcell aggregatearerespectivelycomposedof either
one of mesenchymal cells and epithelial cells;

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

a step of measuring the number of teeth produced in the
preceding step and determining the maximum contact length of
rhe first cell aggregate and the second cell aggregate which

is required for obtaining a single tooth.

12. The method according to ¢laim 10 or 11, wherein at least
one of the mesenchymal cell and the epithelial cell is derived

from a tooth germ.
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