DESCRI PTI ON METHOD OF PRODUCI NG TOOTH, SET OF TEETH
AND METHOD OF PRODUCI NG TI SSUE Field of the Invention
[ 0001] The present invention relates to a nethod of
producing a tooth, a set of teeth, and a nethod of
produci ng tissue and, specifically, to a nmethod of
producing a tooth, a set of teeth, and a nethod of
produci ng tissue using pekbrpBasKkaround Art [ 0002]
The tooth is an organ, which can be | ost by dental
caries, periodontal diseases or the |ike, and which
has hard tissues such as enanel in the outernost |ayer
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and inplants in many cases, as this is thought to
have little threat to life. However, there is a
grom ng interest in the developnent of tooth
Field pithe fsiegti9onve technol ogy in view of the significant
i nfluence that the presence or absence of teeth has
[0001pn personal appearance and on the taste of food, and
fromthe perspective of maintaining health and a high
qWad pieyend inventich relhee tda metholl oRpiodp¢iag a tovith, 3 séthdteett, @nd a
formed by induction during the devel opnental process

metho@fof bREIuéiag aibsus badl8peifibalpns b MR\ ddhcik Wtddth GBet of teeth, and

types, and they are thought to be the sane as organs
' anwﬂgmdfﬁh%ﬁaﬁktgﬁgqgﬁgcaﬁerefore teeth are not produced
e stemcell systemin which cell 1 types are
produced fromstemcells such as hematopoietic stem
cell's and nmesenchymal stemcells in the adult body,
tyeet h cannot be regenerated solely by stem cel
:Bm*QQM%FAgfation (stemcell inplant therapy) which is
urrently under devel opnent by regeneratlve medi ci ne.
reover,
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The tooth 1s an organ, which can be lost by dental caries, periodontal diseases or the like,
and which has hard tissues such as enamel in the outermost layer and dentin in the inner layer,
and further has an odontoblast which forms dentin in the deeper layer of the tooth and dental pulp
in the core. Generally, tooth loss today is mainly compensated for by dentures and implants in
many cases, as this is thought to have little threat to life. However, there is a growing interest in
the development of tooth regenerative technology in view of the significant influence that the
presence or absence of teeth has on personal appearance and on the taste of food, and from the
perspective of maintaining health and a high quality of life.

Teeth are functional units that are formed by induction during the developmental process
of the fetal stage and constructed with plural cell types, and they are thought to be the same as |

organs or internal organs. Therefore, teeth are not produced by the stem cell system in which cell



whil e regeneration of teeth by identifying the gene
that is specifically expressed in the tooth

devel opnental process and artificially inducing a
tooth germis being considered, tooth regeneration
cannot be induced conpletely sinply by identifying the
gene. Therefore, studies have been conducted recently
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transplanting a reconstituted toot al ne

. r ' ' [ i.ha isol ate h [ m
in the R B34 LR cud P8 fhoBRRTLG S108, S 30 AielsRBlph GRaMen
. it.0is disclosed that t oot h-1i tissue.is .. .
implapb bR laiiet B kol e P HgP e oy redE R A maFing dYipipver
.cells isolated froma.tooth germand __nesenchynal,
while GRS OpAtEeh bY epiying e pend that smeeiisalBl e pEskFerlia fhe tooth
into an abdomi nal_ cavity of a rat. In Non-patent
develppsaenia procsss angd artg"wwé@eﬁ/uﬁ@@ attpeth gern tsteingroengigered, tooth
collagen gel is effective as a systemin which an
regeneipiiothesinhetrherrediend bympletelyrsinepla by iidamtifyns b gene ur ed
cells can be realized. As a nmethod of regenerating a
t dberefoye stdies havesbedr sardubted recbaty withapraral fosuPat woth
Docunent 1, that tooth germcells are cultured in the
regen@HiEESYCean@p laititipSd et aiiaddltyotR gbinY 6btainbdEY ROEEHIUSME B té%h germ
fibroblast gromh factors and the Iike. In Patent

using RORWARBh Zerrk bellsS Proposed that at |east one type of
cells selected fromtooth germcells and cells which

[oop3fan be differentiated into these tooth germcells are
cultured along with a fibrin-containing carrier, and
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Usrng a
havi t he esired shape.for t .t qot erm [ 0004
rezend LBt Biap it ol B epitsStiod i blled Ot e arera e
is discl osed. that includes seeding 2 a cell mxture
meseﬂ&‘?Y‘%PltdS'&?ﬂhfgggﬁerﬁe Stk %‘Plﬁﬁvsaéﬁblﬁ (FARGF Hhe FRISBYRah gataly of a rat
cells derived fromdental pulp and epithelial cells
witi Non-pasent Dosument 2o it dqdasenibel dhatgeicolure by eallagee gel is effective as a
mandi ble of a 6 nonth-old pig, into a scaffold which
syster} iy vehighoan efiithelaun/viesehehymalattercpal nebodomedéals nan be realized.

As a method of regenerating a tooth germ, it is described, for example, in Patent
Document 1, that tooth germ cells are cultured in the presence of physiologically active
substances such as fibroblast growth factors and the like. In Patent Document 2, it is proposed
that at least one type of cells selected from tooth germ cells and cells which can be differentiated
into these tooth germ cells are cultured along with a fibrin-containing carrier, and it is described
that a “tooth™ having a specific shape is formed by using a fibrin-containing carrier having the
desired shape for the tooth germ.

[0004]

In Patent Documents 3 and 4, a method of forming teeth is disclosed that includes seeding



pol ygl ycol i ¢ aci d/ pol yacetic acid copol yner; and
transplanting it into an ani mal body. Here, it is
described that a "tooth" having a specific shape is
formed by using a scaffol dhaving the desired shape
for the tooth germ Further, in Patent Docunent 5, a
nmet hod of tooth regeneration for treating a patient
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Disclosure of the Invention
Problems to be solved by the Invention

[0005]



derived fromcranial neural crest cells during

di fferentiati on-devel opnental processes. It is
possi bl e to produce normal teeth by transplanting a
tooth germas it is; however, teeth having the
specific cell placenent and the directionality of the
functional unit that is a tooth cannot be regenerated
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. techniques, the specific.cell placepent and n
directgiaiiaf § it PouRPBT eruthlS Baouys S o RL oam v g pproduced
a tooth, are not regenerated. Further, it has been
by an gaterRp i hetyeen, caituslial pals oy edainm b igrthgprnyad spssenchymal cells
. cell placenent sinmply by isolating and cul turing .
deriveq figra cragis] neprglisreshoedls dunng differeptistion deselepmerggl@rcesses. It is
Therefore, an object of the present inventionis to
possilfle tpvirdéduca noenal eebtioby fpansplactingp @othqetth as Hasy hogewer, teeth having the
specific cell placenent, a set of tooth prepared by
spectfichiedl phaztment, and et diretidnatity «ffthe fanotbnal gt thetis 9o @nnot be
ti ssue. Moreover, another object of the present

regendriné@ Bhly®y iéHatin@ Rl @Mhﬁﬁg&od’fﬁ%&ﬂﬂc&l@ chhs@iElHEd BGplaral types of cells.
ti ssue having a tissue-specific cell placenment. Mans

[ooosf or Sol ving the Problem [0008] A nethod of producing
a tooth of the present invention includes positioning

2l 51§gth LBbth 1gelélfn @é&ﬁﬂ?ﬁ?ﬁ%ﬁ?&ﬁgaéehx cgﬁﬂélﬁfaﬁbg%ng g*e?'liske in the

el t her” one of" nmesenchyma s or epithelral
wherein, at, .l ea one..of the nmesenchymal. cells .or.

sbove et Bhhniduf 3he FRG a8 eo L AR PR A5 HERHo Gl ulfignt go cxpress
second. cell mass substantially containing only the

the fu ‘ﬂgﬁ'oﬁﬂﬁt@o{yf g RRLGEER Yy el cel I's or epithelial
cells, . inside_a support carrier and in contact with
eﬁ@ﬂi%ﬂﬂ@ﬁ i’e%%@ﬁl‘t%@?@f@ﬁfélsﬁw@ﬁ’mﬁﬁbe fogeifis celb plgoement

) cell masses inside the support -carrier.

simply by 1solating and culturing plural cells which constitute the tissue.

[0007]
Therefore, an object of the presenf invention is to provide a method of producing a tooth

having a specific cell placement, a set of tooth prepared by this method, and a method of

- producing periodontal tissue.

Moreover, another obj ec.t of the present invention is to provide a method of producing a

tissue having a tissue-specific cell placement.

. Means for Solving the Problem
[0008]

A method of producing a tooth of the present invention includes positioning a first cell



[ 0009] A nethod of producing periodontal tissue of the
present invention includes positioning a first cel
mass substantially containing only either one of
mesenchymal cells or epithelial cells wherein at

| east one of the mesenchymal cells or epithelial cells
is derived froma tooth germ and a second cell nass

mass SutR&haaty @Jnl‘,a)'mﬁ%)é]ﬁl? efhe? @n® B dhedehEhyRlaN 8BS QR @plﬂfehﬁlr&lls wherein at
mesenchymnal s or epithelial cells, insid
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I Ssue conti guous are obtarned,
inside a[sjﬁ%ﬁjg%’llé naqut he 5?1? rﬂér&g? tﬁ efut‘etiaf?t uezfn%[bchgrurgfgg@gﬁfst and the second cell
|nv§ﬂg%on is obtained by positioning a first cell nass
masses WEIAE SUAPPY C&EIKE ai ni ng only either one of
mesenchymal cells or epithelial cells wherein at | east
[0009%nhe of the mesenchymal cells or epithelial cells is
derived froma tooth germ and a second cell mss
s dosethod pidrbducargresidanta) tisseyof theepresehinvantion afcludegpositioning a
mesenchymal cells or epithelial cells, inside a

first callippey dubgtatialle comig inigronBogithac dnevd fnkes @t hmalt dels or epittlelial cells
culturing the first and the second cell rmasses inside

whereliha 16d$PRRI JIf tieahésedhymlaDEEUE Jor bpitHRBAIReDd istdBBved from a tooth germ, and
above-nenti oned nethods or the set of teeth, it is

a secoﬁﬂ %&f:l?fn@@ Sibihiabang @&Halgfnlgtoﬂﬁf thé& B@l\éleoﬂ?dﬂﬂeq{i@sgnéﬂyﬁﬁl cells or

mass and setond mass 1s derived froma tooth
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(0010 nly either one of nesenchynal

A set of teeth of the present invention is obtained by positioning a first cell mass
substantially containing only either one of mesenchymal cells or epithelial cells wherein at least
one of the mesenchymal cells or epithelial cells is derived from a tooth germ, and a second cell
mass substantially containing only the other one of the mesenchymal cells or epithelial cells,
inside a support carrier and in contact with each other, and culturing the first and the second cell
masses inside the support carrier.

[0011]

In both of the above-mentioned methods or the set of teeth, it is preferable that each of the

above-mentioned first cell mass and second cell mass is derived from a tooth germ.

Moreover, each of the above-mentioned first cell mass and second cell mass may be a



cells or epithelial cells and a second cell nass
substantially containing only the other one of the
nmesenchymal cells or epithelial cells, inside a
support carrier and in contact with each other, and
culturing the first and the second cell nasses inside
the support carrier. [0013] In the above-nentioned
mass PEdiRQ8 Qfs producing tissue, it is preferable that at
east one of the above-nentioned nmesenchymal cells
{mnzﬁnd epithelial cells is cells derived froma targeted
I ssue. Moreover, the above-nentioned tissue is
charact er | sele d fro ou .
R AR Pyl R R g o zhﬁathgﬁaf producing
) . 014 n the present |nven ion
tssue, cptitet By Stbmetta b Lo R O Iy A epBhE ) FRlFs the method
cells. or eplthellal cells are p05|t|oned |nS|de a
includipgpasitionpigarfiratice]l magpspbaaptialfyicenigmans enlheithes are of mesenchymal
cultured, each cell mass grows inside the support
cells as gpithedinl ells pesla sesenchepliacs dubstantialisherngsaning onlytiiecdther one of the
constitute the other cell mass, while the state of
mesenchymalcellbatepabelial budlsnnsides smfmorta;im'teamnbid.conﬁd:ti veitnaekle sther, and
it possible to effectively reproduce the excell ent
culturingttley et dndnhdewrbieltsesiBSdnbb yippbreeaddes and t he
epithelial cells required in formati on of the tissue.
[0013PAs a result, a tissue having the specific cel
pl acenment for the targeted tissue can be prepared.
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In the present invention, since cell masses substantially containing onty mesenchymal
cells or epithelial cells are positioned inside a support carrier in contact with each other and
cultured, each cell mass grows inside the support carrier without being mixed with the cells
which constitute the other cell mass, while the state of contact between the masses is maintained.
This makes it possible to effectively reproduce the excellent interaction between the
fnesenchymal cells and the epithelial cells required in formation of the tissue.

As a result, a tissue having the specific cell placement for the targeted tissue can be
prepared. Moreover, a tooth or a set of teeth having a specific cell placement, in which there is
enamel outside and dentin inside, can be prepared when at least one of the mesenchymal cells and

the epithelial cells 1s derived from a tooth germ.



Furt hernore, according to the present invention, a

nmet hod of producing of tissue having cell placenent

specific to the tissue can be provided. Brief

Expl anation of Drawngs [0016] [Fig. 1 ] Figure 1 is

a schematic di agram showi ng formati on of the tooth

germ [Fig. 2] (A to (D) are schematic views

conceptually showi ng a procedure for reconstruction of

a tooth germusing nesenchynal cells and epithelial

I j re derived froma tooth germ accordin

Eﬁecﬁ%#ﬂ? eglﬁlﬁ es of the present inventigon. [Fig. 31 )
[0015 i gure 3 shows phase contrast images and staining

Frmages of normal tooth germ tissues and tinme course

st.ai ni.ng i nages of. the tooth produced. by the subrenal
c é\ﬁ%ﬂ@% tg ﬂgﬁ%}gﬁ{“ﬂlﬁ% agpelhifLol o rEIngAdeR hgwing specific cell
according to Conparative Exanple 1 of the present _
placemepieniet siteeth prepared by thig meghod, asdvmethorhefeprodisineperiodontal tissue
i mages of a tooth germreconstituted by epithelia
can be provided derived froma tooth germ and mesenchynmal
cells derived froma tooth germand tine course
sFaithurmgre] aegeisngoh the fremhhinpernoncesethyd stipodingahg of tissue having
capsul e transpl antation of the reconstituted tooth

cell plg@niBnt §REidcd M tisueliaBPbRvidedf the present invention
[Fig. 5] Figure 5 shows phase contrast inmages of a

tooth germreconstituted by epithelial tissue 7
derived froma tooth germand nesenchymal cells

Brief 1' ooth germof a GFP nobuse and a
ne %%én\é?ﬁ%gfﬁa%@n%f the 14th day of the tooth produced

[mn6fy subrenal capsule transplantation of the
econstituted tooth germ according to Exanple | of

1 present invention. [Fig. 6] Figure 6 shows phase
(g, PRI hatfbalt 9Feiashehe Vg torpat e GoBerent

.epjthelial cells derived froma tooth germof_a G-P .
[Figyd it t2 40 e srsERyRMlevs ceaRRa i iopare 4 PIoRsdyTe 96 faponstruction of

germ and a staining imge of the 14'1" day of the
a tooth gramHIspEdepserchy gl @%b pechelitheligd seflsevhielaare Sletvrdairoro g testth germ,
the reconstituted tooth germ according to Exanple 2
accordafg 1o e ipragpdastof theveesenpinyention.

[Fig. 3} Figure 3 shows phase contrast images and staining images of normal toofh germ
tissues and time course staining images of the tooth produced by the subrenal capsule
transplantation of the normal tooth germ, according to Comparative Example 1 of the present
invention.

[Fig. 4] Figure 4 shows phase contrast images of a tooth germ reconstituted by epithelial
tissues derived from a tooth germ and mesenchymal cells derived from a tooth germ and time
course staining images of a tooth produced by subrenal capsule transplantation of the
reconstituted tooth germ, according to Example 1 of the present invention. |

[Fig. 5] Figure 5 shows phase contrast images of a tooth germ reconstituted by epithelial tissue



[Fig. 7] Figure 7 shows phase contrast inmages of a
tooth germreconstituted by epithelial cells derived
froma tooth germ and nesenchynal cells derived froma
tooth germand a staining inage of the 14th day of
the tooth produced by subrenal capsule transplantation
of the reconstituted tooth germ according to Exanple

derw 25 b RGP éﬁ‘ﬁi}}d hB%ER glffngpcell% Eér?xfedqd tnf 4 uP egm \Q%P mouse and

ase COﬂt ast I mages SSUGS
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e R B 0

. nple 2 of the present invention. [Fig. 9] Fi
[Fig ﬁiﬁ@um%‘f@@hﬂwtr@%ﬂws af a othggry éwstytune@ gr ﬁplthehal cells

germreconstituted by wusing epithelial tissues

derivegdefrany  ¢poth germeofadalithmgeserand nusensbemalipsrees derstddgrom a tooth germ
derived froma tooth germand staining imges of the

and 2 2@Hingdapgobf the b Lda ofthpwutheroduaead by subtratal capsilé trhisplantation of
| ow density reconstituted tooth germ according to

the reéomeyitated tbode génvn apdoedine tf Exaffll ebhe preséiit @Vehtsh. [ Fi 0.
10] Figure 10 shows phase contrast |1 nmages of a tooth

[Fi 91 MguRCOMS s pHAR GoRYast REA2RS 61 4 tdbihNGrm RlohfiRhtb @by epithelial cells
tissues derived froma tooth germand nesench ynaﬁ

der1veﬁ?}o|n§a AR Yo hb ‘ﬁi@sg]chﬁﬂglhzeﬂﬁﬁén fmm D ofl e%%?rh b)d Qgt?mmg

wi t hout conpartnental ization st a|n|ng
m n oF:! sul,e _trans t|o
magei e AL BB o8 BRIC HRSHA BIE AR TR

f“f’“ﬁiqgﬂal Ph'seFp, aga?fgpnf? ?ﬁgagh'éllto&%wes%@%w'ag%m%%t °F he8
(Figh 8} P v PoSa SEast w@@gﬁqf&@nﬂé‘i@ﬂwaﬂ%ﬁ %a@@éaoth germ

fromthe reconstltuted tooth germ according
and m@@ﬁ%ﬁl@étlffu%desﬂ@ PR tpPiBgat a%%ﬁwm}ﬁgl{rﬁ <§? ther 4™ day of
ure 12 shows staining i mages of detected periostin
mdmdm begyabsapiule transglanatipn offench af theehdietrseueshicobrding ta
peri odontal tissue formed around the tooth produced
Compdrmiove Hxreple 20i0ths piesertt@dettd@t h ger m according to
Exanple 2 of the present invention (17th day after the
[Figt 9 EFigink @rshaivs pigse andraSiomagesaifialew deasipleoti gbihdtdcobizuted by
after the transplantation).
. using epithelial tissues derived from a tooth germ and mesenchymal cells derived from a tooth

germ and staining images of the 20" day of subrenal capsule transplantation of the low density
reconstituted tooth germ, according to Comparative Example 3 of the present invention.

[Fig. 10} Figure 10 shows phase contrast images of a tooth germ reconstituted by reconstituting
epithelial tissues derived from a tooth germ and mesenchymal cells derived from a tooth germ in
high density and without compartmentalization, and staining images of the 20" day of subrenal
capsule transplantation of the low density reconstituted footh germ according to _Comparative

Example 4 of the present invention.



[Fig. 13] Figure 13 shows phase contrast inages and

staining i mages of the tooth produced by organ

culture by extending the culture process after

preparing the reconstituted tooth germ according to

Exanples 4 and 5 of the present invention and

Conpar ative Exanple 5. [Fig. 14] Figure 14 shows phase
[FIEONY FRdte | NBQR3 sﬁ{nn@g mg%mgﬁé IR 4G RBAE aﬁw&@dml membrane

froma toot

epi ral cells deriv germ and

Whlclg?é ?Qﬁ&%ﬂ&l tlgs%llfBJ t%g?gc[ 4{8&% 4tIlé 1938 r%?@ceﬁ ﬁ%&r F ﬁ& nstlg.lted tgoth

> nlng | TRGES o he 1 pro
serm fdkobfiSe R doe R Seie Sgﬁﬁta?%ﬁ' 8 To Banple 6 of

th resent .invention. [Fi (A ain
[Fig nled E1egfe 12 shows slamagimeges %ﬁi&g@é ed ﬁertlwémfzﬁlﬁ B lfgﬂr P&
~tooth extraction of the present invention and gﬁé is
periodgptad meabgeng witielyis gfperipdonipl tigsue frrmed agpuig theeoth pragucedyrom the
(A), according to Conparative Exanple 6. [Fig. 16]
reconﬁltgﬂqd tootiegerhicassondingite Engmplerd wé theqfresetigndetitin (54" day afer the
transplantation of an individually separated tooth
transpi@rtationhami €drepastate Exampteyl, (148 day aften thet teankplampticn) 6 of
the present invention. [Fig. 17] Figure 17 shows
[Fig13] Pig@ 136AGRS pRdse bhfralthnagtiaindataiing iides o 8 todki BBduced by
of an individually separated tooth into the ora

organ&aMirk By eReh@hg HAGultere BYRER ey %x‘éﬁaﬁﬂé%@fe%&%ﬂhted tooth germ
invention. [Fig. 18] Figure 18 shows phase contrast

accor&lg?%e@xég{lpl 5 Jt‘ﬁ# a]il)r‘éée t n@&ﬁ tah& %%gagﬁvgﬂk}nﬂﬁé sal

rom I|c e tiss
Fi AAFRERET S‘&?‘ﬁ’%bﬁaﬁggé%fvagﬁn{a%%"&fﬁ%°% S teSp it & W epithelia
.od b | t t f th
cells ﬂferé@%ctﬁwﬁﬁfoe BRI fre g %Fﬁe %@%1 3%@5?5?%&%5 Bt gern aqd sfaining

- present jnvention. gure 19 shows

lmageép ﬁhéééﬁ gy of the qugslafaﬂfecefl H&g@gew cam%éleir&nwlwloafof thee
hair follicle produced by subrenal capsule

reconstitges ioptirgean| asgoiging i Expraple dfithapresenhmventios] | i cl e
fromepithelial cells derived fromhair folllcle

[Fig il 549 ismshaimbpsmey ofid naelrdnsplautiousd ofi thenk 4 alay after tooth

follicle tissue according to Exanple 8 of the present

extractiowefithe present kivgntiGOdndEBpisrae eAlrget ovesw pfiths erce endlosed by the frame

images of a hair follicle reconstituted by epithelia
of (A), according to Comparative Example 6.

[Fig. 16] Figure 16 shows staining images of the 14™ day after transplantation of an
individually separated tooth germ into the oral cavity, according to Example 6 of the present
invention,

[Fig. 17] Figure 17 shows staining images of the 14™ day after transplantation of an
individually separated tooth into the oral cavity, according to Example 7 of the present invention.

[Fig. 18] Figure 18 shows phase contrast images of a hair follicle reconstituted by epithelial

cells derived from hair follicle tissue and mesenchymal cells derived from hair follicle tissue and



cells derived fromhair follicle tissue and
mesenchymal cells derived fromhair follicle tissue
according to Conparative Exanple 7 of the present

i nvention and staining inmages of the 14"' day of the
hair follicle produced by subrenal capsule

transpl antation of the reconstituted hair follicle.

stam@@ﬁﬁagypﬁlﬁhé 05™ GRS Jﬂhé‘l%ncﬂibdﬁc@@ bY B &tall 84pshRhddplddiation of the

nmet hod of producing a tooth he present invention

reconbt&ﬁi!eﬁ“ﬂ@ﬁ folf?&@a‘é&&&ﬁlg% Bxdrh edlé? o?ﬁllel resﬁ?ﬂslﬁYefl tantially

cont al ni ng onl el tner on |S or

[F 1§€[ 91?%#@]1 9 5%8 wp tere%scmvmglccr{l]ﬁlacfscoge lm%ﬁs orflﬁmeol ée rd|a¥/ 8f th]e h%1r follicle

S Or

oot e cond mass sybst o
Pmduﬁ%ﬂfn‘eyaﬁ"ﬂrﬁ%af e D fRim ofife cho‘i‘%’i‘é“tﬁﬁg%ﬂéh@ﬂgf#:’%‘ %smﬂgehal cell
th cells inside a support carrijier_and i
derwqggfmr%g@lr gﬂllltuﬂe HSPUp a@% Wéqen%lmngé é@ﬂ?ﬁ@l’l‘ﬁ@%@g élyur follele tlssue according
cul turing the above-nentioned first and second cel
to Exaraple 8 of thegiresentiifeentibove- ment i oned support carrier
(culture process). [0018] In the present nethod of
[Fip 26 Htigire Ozshowe plimse sonimet itagesng ada Hgiheale remhftgutad ty epithelial
epithelial cells, at |east one of the nesenchymal
cells deeivédirom hapifdlliekitidduearll hiesdnehyignl delld deded frofm airtfolitla tissue
germ are grown as cell nasses in a support carrier

accordifg 10eC dipagAive Bxhmplel 1o fRRE pretinh Biventidn@nH Bia i Cinia géls ofkkk 14™ day
between the cells can be effectively performed due to

of thethQI? f81i@k Srdficdd B&Ss%bﬁsﬁ{ﬂtcﬁﬁﬁlé Mﬁgﬁtﬁﬁ@?& f%co mﬁ.@&{]ﬁlr follicle.

having a cell plracenment specific to teet
there is dentin inside and enanel outS|de can be
pr oduced. [0019] In the present invention, the term

B%tNﬁ&gﬁy a%f e ﬁttgh%mthssue havi ng a dentln | ayer
net af enaner ayer outside contiguously, and

0017Ereferably to a tissue having these |ayered
[ tructures and also a directionality having a cr own
and root. Those skilled in the art can easi

athadypf geadurine artepta ehibePrevet mesnben waludes: Bysmrg%%ﬁrst cell

stalnlng and the |ike. Mreover, enanel can
mass substantially containing only either one of mesenchymal cells or epithelial cells in which at

least one of the mesenchymal cells or epithelial cells is derived from a tooth germ and a second
cell mass substantially containing only the other one of the meéenchymal cells or epithelial cells,
_inside a support carrier and in contact with each other (placement process); and culturing the

above-mentioned first and second cell masses inside the above-mentioned support carrier (culture
process).
[0018]

In the present method of pro.ducing a tooth, since the mesenchymal cells and epithelial
cells, at least one of the mesenchymal cells or epithelial cells being derived from a tooth germ,

are grown as cell masses in a support carrier while in contact with each other, the interaction

i0



be identified by the presence of an anel obl ast, and
the presence of an anel obl ast can be confirned by the
presence of anel ogenin. On the other hand, dentin can
be identified by the presence of an odontobl ast, and
t he presence of an odontobl ast can be confirnmed by the
presence of dentin sialoprotein. The presence of

betwe@f?ﬁlquﬁ Ldh R Ptﬁéyo%qrﬁhﬂecﬁ@fgq 4 418 0f (ggse%gﬂlfaétrtﬁ@ etween and

easi | y a we e art; for exa

a toot'h_.ﬂaf’rh%g cgl%/ﬁlgéegrlr nt eglﬁb 1 aleffhb%d\%hlgl% ﬁ'r' rr]alhlg gen%n :nsu!Pe and engmel

aCrona
entified by the placenent of a crown and root. The
O“SK% %Wh’ %RF%%t can be confirned based on the visually
bserved shape and tissue staining. [0020] In
[mn9£ddition in the present invention, the term
eriodontal tissue" refers to an al veol ar bone and a
ihe gemelinverien: thedemn  treth rrafers t ajthsuethevina e dentinglppgr inside
of a tooth. Alveolar bone and periodontal nenbrane
and acemanisblagersiutsidenmonpiasiuslyi andlprsfeiabiyrto g fisew hbying Heselayered
skilled in the art by tissue staining or the like.
structilbrey drtdediso d dirdchenapityds@iny al onvem hindroot. tThesetskilleyd in the art can easily
"mesenchymal cells" refers to cells derived from

identifyRIBEHE Ay @lante]l HSHpBoRBRATER/ id30é bdinirbank e 0] Rlofeolér, enamel can
cells derived fromepithelial tissue. 11 [0021] In

be 1deﬁﬁfﬁ‘edﬂfyecﬁ§ Plesdnd¥ 8fYd MbloBINE, a8 rtﬁggpres eh@@dﬂngﬁ{emblﬁf‘&n be

bud" are expr essi ons use refer

conﬁr@gﬁ 8* {He o(f agn ﬁ%ﬁﬁ L@;l} glt% e? 'ﬂgncfb 88&@1 LQH %F ﬁd@hﬁpeoal;ﬁhe

I st I ssue ase

presen%? SE arhcpcggl?okﬁlst flﬂg p?egesa’rg:rﬁ 0 ﬁlicipttcg}laa‘sé I%ar}l b&cp&%mbersd%g the presence
. , [ is destined, to bec oth in the
of deﬂ%%faﬁgmtaﬂ heesP S A A lastr iR RS Homstalguoity ah B pafirmed
in the prcal devel opment al st a es of a tooth
easily ha Weélﬂ@e qdin the 5t; forexprmples inipty bxbidzation Antibedy $#ning or
~of dentin and enanel is identified, which are the
thelikg.eat ures of tooth as a hard tissue. A "tooth bud"
refers to a tissue in terns of the transition of the
siwathes thef ditehionality of a tooth can be identified by the placement of a crown and

root. The crown and root can be confirmed based on the visually observed shape and tissue
staming. |
-~ [0020]

In addition, in the present invention, the term “periodontal tissue” refers to an alveolar
bone and a periodontal membrane formed mainly in the outer layer of a tooth. Alveolar bone and
periodontal membrane can be easily morphologically identified by those skilled in the art by

tissue staining or the like.

Further, in the present invention, the term, “mesenchymal cells” refers to cells derived

from mesenchymal tissue and “epithelial cells” refers to cells derived from epithelial tissue.
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"tooth gernmt used in the present invention, and to a
ti ssue between the stage where the accunul ation of
dentin and enanmel, which are the features of the hard
tissue of tooth, is started, and the stage before the
tooth germnates fromthe gumto manifest the typica
functions of the tooth. [0022] A tooth germ as shown

[oamg” Fig. 1, devel ops through each stage of a bud stage,

cap stage, an early bel | stage and a | ate bel

ep| ﬁ'%é’:r?gg‘%tq‘g"ee?‘%ﬂo%f 5‘&0 Ltg? gtegnv\? t@ﬁﬁ‘b are gxl:)’ressmns used to

A) B) qf .Fig. and. t he
refe seﬁwﬁﬁaé%%wa@ 5% i udoid: d ot dibalh od] ot osue
t he mesenchymal ce portion begins to formdentin
based;othg q‘f‘é{ﬁloyme%félestqge)de%efé jajerdn tipg gase.1 ootk germ” reipesdo gp
the early bell stage and | ate bell stage. Therefore,
early-gtagerynliryg ef aicioth, vbrolrasidésyingdte bieertneg atopthon thecfutwee and to tissue
epithelial cells and nesenchymal cells. The
from thre bed sthymtalthectplll staga mdthe pytidue ewllopmentas stagestotie tqutle sed) kpecifically,
invention may be those in the stages fromthe
to tissadatwehicend acenmdlativitlosdeddR atidedafi] Isddentiied, lwisétage the features of
where a tooth germis formed or can be forned

tooth AsHERARd ARLE & “toth BREYref@d R4 @dud H’l t@r?ns%f teaPinbitiof bIthe stages of the
and fromthe viewpoint of the |evel immaturity an

“toothl é&ﬁn’hgs@ﬁgﬁﬂl% Iptdbe trim'r'eEFi aﬁg ﬁ)tr fﬁsh@két%@elﬁﬁlé gG5e ﬁflerte e

s,ltlspreera at they are int

accum%‘agﬁ 3f IIJnQ ahﬁ]?name \@?hfa?arettnlgesitea gre(s: ap th%thal%ehssue{ &ro%i) 1s started

over,
osel acEed an . I
and i S v B b PR R LB SR aﬁgg%t bF b ﬁglﬁi%rfs of the
thIn addition, the term "substantially contalnlng
-m. nmeans t hat anythlng other than the target cells are
excluded to the greatest possible extent. Since each
[0022)cel | mass nmay be a tissue itself or a part thereof, or
a mass of single cells, either one of the cell nasses
ndyjodite germe ed showmgs Figo hsdmlup@ﬂhrwhsaﬂpﬂt@ewé klbyd stagh atchp stage,
of the cell masses may be cell masses constituted by
an earlyibel s ge aid slateHellstage in tha ostoderic pocet fledhd mel syage, epithelial cells
invaginate to wrap around mesenchymal cells (see (A) and (B) of Fig. 1), and the epithelial cell
portion becomes the outer enamel and the mesenchymal cell portion begins to form dentin
mternally (see (C) and (D) of Fig. 1) as it moves to the early bell stage and late bell stage.

Therefore, a tooth germ is formed by the interaction between epithelial cells and mesenchymal
cells.
The mesenchymal cells and epithelial cells in the present invention may be those in the
stages from the above-mentioned bud stage to the late bell stage, where a tooth germ is formed or
can be formed (hereinafter, simply referred to as a “tooth germ”), and from the viewpoint of the

- level of immaturity and the homo geneity in the differentiation stages of the cells, it is preferable

12



achi eve the reconstruction of tissue according to the
present invention, it is preferable that both cel
masses are constituted by single cells. Either a first
cell mass or a second cell mass may be epithelial
cells or nmesenchymal cells and the nunber of cells
constituting the cell nmass may vary dependi hg on

thatﬂﬁeﬂ'a@ln (PR FomANE bR stadelE 3B sta@r dness and si ze of
e support carrier, but it may generally be from 101

WOZﬁo 108 cel |l s per cel | mass, and preferably from 103
0 108 cells per cell mass. [0024] In the positioning
cess, Ja first

f?ci"SEé‘be"P% aeﬁflgasss RS D87 SR Lefice oTRA7 pRiCd and
|
may rﬁf?b@l} %qusirfiﬂwat%ﬁ%as%sggﬁﬁ %F Qfgﬁf Ei%ﬁi‘ﬁ Ofsﬁddlgpﬁé%e tepa,

above-mentioned first and second cell masses ar
subsiigggqllty ORI IneaBs glatsqugg ng otherrthandgthe (opget gellsape excluded to the
mai ntain the state of contact of the cells, cells
greategtmossible gxientgSwae bach sl maaswaylbe mbssuaitselivriapartiibereefepy asmass of
constituting the other cell mass. Thus, in the
singlepels; eitlaniongofthe cabmassesunhy bek belhmss cosstityiedby siogledells or both of
wi t hout being m xed with the other, and a boundary

the ceH tiak &8 Gnaly e lcoll MBeb ednsBRfeditIS il tells TRROS, inD1adr taBffectively
positioning node is suitably expressed as

achieveGRIR86Hs FBAI0R of Adluk QBCordiRg tdtRe PFBSR MvenSRE fiid preftld ¥ hat both
13 [0025] In this case, a first cell mass and a second

1 m&&kd 4/ PSS si n independent preparation
cell m ar tl‘?l?ol%rl%r %(%Z‘f Féi

processes preparation process and second

Cﬁitﬁeggrf?ﬁ%r ass orf%lrsggo%sc’isc)e { m%}g Be %33}81 Ilzﬂ AJ m&%ﬁ:ﬁxgmal cells

& 'Subs y cons TESEnC| ynm
east eithe

or e 0
and thﬁ&%ﬁ%fﬁ? Fille Cesi%%t%th%iﬁli BT Bt fop iGagion fpipghspecies, and on
nt production nmet hod be deriv from
the ty eﬁifﬁriqﬁs ez of the WpPY GRIBe, RUWT gy Baere lpfibaéléi%ﬁ? 35 cells per
rma tooth havi,ng a specific structure and
cell m%ﬁsrfﬁ'étﬂrféfPF&PIWtfﬂPm hQ)viié\l@rcel]iS Reofellanase.o ensure tooth
roduction, nost preferably both of the nesenchyna

m024ﬁells and t he epithelial cells are derived froma

toot h
In the positioning process, a first cell mass and a second cell mass are positioned nside a

support carrier in contact with each other.

In the positioning process of the production method of the present invention, since the
. above-mentioned first and second cell masses are positioned inside a support carrier which can
maintain the state of contact of the cells, cells constituting each cell mass do not mix with the
cells constituting the other cell mass. Thus, in the positioning process, each cell mass 1s
positioned without being mixed with the other, and a boundary surface is formed between the cell
masses. Such an positioning mode is suitably expressed as "compartmentalization" in the present

~ specification.
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germ [0026] Exanples of nesenchymal cells derived
fromother than a tooth germinclude cells derived
from ot her nesenchynmal tissues in vivo; preferably,
bone marrow cells including no blood cells, or
mesenchymal stemcells; nore preferably, nmesenchynal
cells in the oral cavity and bone marrow cells inside
|D02§he j aw bone, and nesenchynmal cells derived from
ranial neural crest cells; and mesenchymal precursor
ene e- ment |
T g LA Ba NS RS popgen
Furt her WP of epithelial cells d rived from
prepapgliod B{é?e%?fh@rf L CRARTRAPBYY OGRS h‘i‘qc %’?8‘?‘15'0‘& PEepradiog 8?“1095@350 that
fromother epithelial tissues in vivo; preferably,.
each @;ﬁeﬂ HEps HAy Esw@tasra Ingopstityag By esenshamal sallsopr e@r}%lrahceﬂ&
the oral cavity; and nore preferably, inmature
e pitteaed sither gnead oresenchywilicslls enepshelisheells nesilioghe present production
differentiated epithelial cells, for exanple,
methddenat bendezieed Hompavatkeeat imirdedo reqmbdube fri ato ol flscemnt to form a
the skin and nucous nenbrane; for exanple,
tooth houingespatifiois#echepnt detdtdhalae] Hosvevana Gl@® emutstooth production,
thereof, and the |ike. [0027] The tooth germ and ot her

most ﬁrreﬁssa%swmme GiRkREY R Jen@rﬂdttti@em%imﬁs A d¥@Fdd Tt a tooth
animal's 14 such as primte mammal s such as humans and

germ.MONkeys; ungul ates such as pigs, cows and horses;
rodent small mammal s such as mce, rats, and rabbits.

qusln the collection of the tooth germ and tissue,
onditions generally used in the collection of tissue

be applied,without , nodificatio and .t he to
Sﬁﬁwﬁ%&?ﬁ’sgwyw&@ s eV s en SRS bl
: red in an riate ervative so
dem'eaﬁ %tfler ssapghvael Bis0es R PreBEO: é@frwwﬁ@r asl laaudmg no
fetal tooth germas well as the third nolar
blood gejlse o nesgnelivaabstemsstly mase prefaralily nmsserchymp) f@hﬁ i) tbs gral cavity

the tooth germof a wisdomtooth fromthe standpoint
- and bapk mamewsdls ofidgthaigertons, and sweeshyigd@2 derived from cranial neural

crest cells; and mesenchymal precursor cells, which can generate the above-mentioned
mesenchymal cells, stem cells thereof, and the like.
Further, examples of epithelial cells derived from tissues other than a tooth germ include

cells derived from other epithelial tissues ir vivo; preferably, epithelial cells of skin, mucous
“ membrane or gum in the oral cavity; and more preferably, immature epithelial precursor cells
which can produce differentiated epithelial cells, for example, keratinized or parakeratinized

epithelial cells of the skin and mucous membrane; for example, non-keratinized epithelial cells
and stem cells thereof, and the like.
[0027]

The tooth germ and other tissues may be collected from the jaw bone of various animals

14



The preparation of nesenchymal cells and epithelial
cells fromsuch a tooth germis started by separating
a tooth germ which has been isolated fromthe
surrounding tissue, into a tooth germ nmesenchyma
tissue and a tooth germepithelial tissue according to
the respective shapes thereof. The tooth germtissues

such &3inkge MaMirals sHEPA 1RIeAls BYd GHhltdyR ngﬁlafeﬁ &dhRg i3] Bvs and
di ssecting scissors, tweezers of the like, since it is

horse® 9§c§e'np!;rﬁal¥ amff tshf:ﬁ/a LR LRQ tJﬁdQﬁ{]_J'i@rs tlh%‘?é"(%?lﬁctmn of the tooth germ

structura Yy un nlcroscope

and tlg‘sﬁg%'oﬁ&lln?% eneﬁta ohgslesdgrz ﬁ}er ¥ SPF' magi)&ag% qBﬁé hou%
e S ol el e ot ot o

according to the respectlve shapes there

appropyizie presgsyafive spbrion S uphsr semples @f ¢ bunar rqogh &e@ﬁav@w@ a fetal tooth
tooth germcells fromthe surrounding tissue and/or

germ gsowel bgsdthe therdamolatppr seetallad wisdemuieoth it & inpreferaitg/tonise the tooth
tissue froma tooth germtissue. Exanples of the

germ efraryivdem tandll from theisthndpopit pLthe usnef autngkums tidiwpase,
col | agenase, trypsin and the |Iike. [0029] Mesenchymal

[0028tel | s and epithelial cells may be prepared in a single
cell state froma nesenchynal tissue and an
ePhd frepdration dfhsddnchyRERRAS hyEépithelid] ctIRErdHh SRAALSBEerm is
process, enzynmes 15 may be used to nmake the cells

staﬂec?l%séeb%(raghgsﬁ%ﬁi ARich 'hQ:%e%P ‘lfs% bt frdmef AIRLASuRing %ﬁ% into a

enzynmes 1nclu dlspase col 'agenase, trypS|n an

tooth %énllﬁ“?neslexﬂ:hgﬁhls% Ssfedd %tgf)th%%ﬂ‘? glttﬂeﬂgl t%% ﬂgorﬁ tt'&ﬁLel r@épectlve

e epit sue, | I'S prerera
nent

shapeFC0F T NP LSR5 CEEke AR BORBRIEHHR B B i
t f th hyma f
dlsseCH%@%‘:#?ﬁf%frgﬂeg%%@ﬁlégF e e B Rarcan bl deBH T 4hg oph germ tissues

hUP%enase treatnent and trypsin _treatnent
structugy SrBrEpspoRm futiher thaswpiptipn oplepthaerm pigggrechymal tissue and

treatnent. In this case, the DNase treatnent is
tooth gee epithabial tissuafrerethe tgofrasus sen be ensily denseyiquttingeor sasngvsing
~of recovered cells resulting fromcell aggregation
injectiorursdlds, BynddidA needlesa sieakzem bothe fige sotarting o thieeespettevechites
menbrane is |ysed, after
thereof.

Preferably, enzymes may be used to easily separate tooth germ cells from the surrounding
tissue and/or to separate an epithelial tissue and a mesenchymal tissue from a tooth germ tissue.
Examples of the enzymes used in such applications include dispase, collagenase, trypsin and the
like.

[0029]

Mesenchymal cells and epithelial cells may be prepared in a single cell state from a

mesenchymal tissue and an epithelial tissue, respectively. In the preparation process, enzymes
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some of the cells are damaged by the enzyne
treatnents. [0030] In addition, the nesenchymal cells
and epithelial cells my be those which have been
subjected to prelimnary culture prior to the
positioning process in order to obtain a sufficiently
Iarge nunber of each kind of the cells. In the culture

may Bfus ?&%ﬂﬁé&%ﬁ@&l @Hl?d?sﬁ‘grsﬁm dsREloleAlels & laty estoEﬁTcH%HﬂJmes

condil tlons, suc erature, used In e turée

tncluc%sdl ase oll gnasg' sm d %%Q elg this cetislgot"é} se%ggalnon gﬁﬁ]r‘: g&thehal cells

USQ e CU ure

r anl tur uc Dulb

fmm%s&ttff%al i 4 %f&lf%ﬂh?? toifpm S8 ShLP T frggyment afer
be added to not e cel | rollferatlon

collaggngsg frisatmedte Qprttge pther haad. fRy the senarmtion Oém%et%%lr%eﬂs from the
such as FGF, EG-, PDG- and the Iike or well-known

- mesenchymah tsarp 8repreferablete pagory eqllagendse treptyenfand HyByn tregiment
addi tion, when serumis added, the concentration of

simultahepuslyrauduivnatde teprafoge dNgsp tregtmient &1 hisdepe thoi IYaserreatment is
the culture conditions, but it can usually be 10%

perforired i€ etder wyiréwenes déchascinl thermomo oflictovwns! @inesalkihy from cell
used in culture, such as of culture in an incubator in .

aggre@HoRCRuse @ BE PMA RIdafdd ifdo tRsofutiofByheB€he @Mithértane is lysed, after
Mor eover, antibiotics such as streptonycin may be

some &Eile Qelﬁ%r@@é?ﬁa%@& bt enkMRStdathbnids @ support carrier

used in the present invention, a support carrier in
[0030 nTlch cells can be cultured my be used, and a
i xture with the above nmentioned culture mediumis

rab f ar.rd, &rs
Calan, & “EF““‘“r? Hieh e G QPP |t% SR Been

nlxtur CO|IC P Iac

subj ec(qgﬂ:g re?anE %I%Q%P B t9 qo& (ngmng pgg;ﬁ er to( %L@g\)a suﬂimenﬂy
i x. (trade nane), trade nane) ,

large %ﬁther aéﬂac kind @é the-grlly In fi‘ﬁéeléureeﬁﬁﬁmhwl rcp’é%a;ldrﬁatﬁhedel cells,

of a hardness that can virtually maintain the
the usug) spnshttionst sich et igtiperatuag, usethindle euerecefiapgng cells can be applied

~ positioned inside thereof, and exanples thereof

withoytmeddifehetige| t ype, fi ber type, and solid type

carriers. In this case, the level of hardness that can

nis aiedinnt ised irothatulure af médiem generally used for animal cell culture, such as
Dulbecco’s Modified Eagle Medium (DMEM), can be used. Serum may be added to promote cell
proliferation, or as alternatives to the serum, cellular growth factors such as FGF, EGF, PDGF
and the like or well-known serum components such as transferin may be added. In addition, when
serum is added, the concentration of the serum may be changed appropriately depending on the
culture conditions, but it can usually be 10%. For cell culture, the culture conditions generally
used in culture, such as of culture in an incubator in 5% CO; concentra_tion at 37 °C, may be

applied. Moreover, antibiotics such as streptomycin may be added as appropriate.

[0031]
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cells may be the |l evel of hardness generally applied
in three-dinensional culture; in other words, a |evel
of hardness that does not inhibit hypertrophy of the
cells due to proliferation while maintaining the
positioning of the cells, and the |level of hardness is
easily determ ned. For exanple, in the case of

ColslaagBHbrt éﬁ?ﬁer%ﬁe@iﬂfthg[?x]eseﬁg@gﬁﬂ ?Jazﬁétlﬁbgoﬂ? Ear%er m%ﬂrm cells can be

provi des an appropr| ness.

culturfélcﬁjgh% 'bg usedI arl]nclt fcﬁ(tur ﬁltfleaﬁ:{ Sg_p englgl%e cg I er egglﬁra 15 Cpeﬁ(:)tferable

ness TICVEnt o °J
OMIInSId arri nd.i.s set
ExamgGﬁ PEieh Sudof SaaRringnos rousgs, e Yomiait i fh ef‘alular matrix
tissues. [00 reqgver, the support carrier
mixtuggy aolﬁfsﬂaeolmlcﬁ%ﬁ%t{%amﬂlylﬂﬁe @t%&%flaeeﬁ@eéglmépweéﬁopolymer
the cells. The "state of contact" as referred to
(PLGAR (CGellmaprix (aés eamagd) MeliohGeHtreidarsimey, agdl ddatrigel (iadg@pme) These
ensure cell interaction within each cell mass or
suppolietweermihie ofsl hardresstbst catvhiugHy densait yhestpptosimasé kcstion at
to a density simlar to that at the time when the
whichtthssalle aresposttionad inkidé thdredflahd asamples thbreofiasladodel tpe. fiber type,
cell masses, 5x 107 to 1 x 109/m at the tine of cel
and sdbidagRBMHers. prﬂﬁs‘ @k Mha/lede] ¥ A38nds9 thht ?&an]xﬁsﬁﬁlﬁin th®@ 1R o the
cell interaction wthout sacrificing the cel

cells rﬁ’éiftﬂe\%hé MoweldT ﬂardﬂ@s%tgelwrﬁiﬁp%hbd’ in4HKrbg %1&1815%%9%1‘[[{16 inl dther words,

order to prepare a cel mass at such a cel ensit

a Ievei c;f aﬁin%s?s RLLE I?Dkl?llﬁlﬁlﬂ%]%%&{?%ﬂ?%?th%%%l:l{‘.sdu%%ghlrolll%éllgﬁ)l |\¥h1le

ave ese precipl I'nce I's conveni ent I
enables hi.gh. de $ S ificin ﬂg
mamtam]{l o tposﬂ 1gg 8gﬁlter0¥lllsu 6%‘ t?nsiev&ﬁgfr d %SrL? 835 életg{mmgd For
revo utlon s U|va ent to a centrifu for e of
exampigs i 1§ 355 F Bt {'?\'ii‘all F"‘H’G’E‘”%‘r"é‘(ﬂgr éemg/gﬁ I'PFOV‘
survi val and preferably 500 to 1000 x g, for 3 to 10
appropfiaff Jevel of bgResp£ ugati on at |ower than 300 x g nmay
lead to insufficient cell precipitation and the cel
dandilitipn g yhipeaserthe fupRort iiricemay beof ¢ thigkaess gpffigtent for the first
hi gher than 1200 x g may |l ead to cell danage and,
and se¢dndrcell orasses negiomansidd the larsier archis eat apgropﬁﬁé]ematﬂdem the size of the
[ 0033]
targeted tissues.
[0032]

Moreover, the support carrier may be one that can maintain the state of contact between
the cells. The “state of contact” as referred to herein is preferably a high density state in order to
ensure cell interaction within each cell mass or between the cell masses.

- A high density state refers to a density similar to that at the time when the tissue is
constituted such as, in the case of the cell masses, 510 to 1x10°/ml at the time of cell placement,

preferably 1x10% to 1x10°/ml to ensure cell interaction without sacrificing the cell activity, and

most preferably 2x10% to 8x10%ml. In order to prepare a cell mass at such a cell density, it is
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When high density cells are prepared by
centrifugation, centrifugation is generally perforned
after preparing a suspension of single cells in

contai ners such as tubes used for cel

centrifugation, and the supernatant is renoved to the
greatest extent possible, leaving cells as the

prefergﬁlg% Q%é@égfe celid én?rlfﬁéfﬁ%fe?{nﬂgllaf? {hg?et;ﬁég]@ e%nglﬂéékﬁrs%oﬁ%%%nﬂy

eSI I con-cC omt

enabI G Borfi R St S ABEN The a%%eﬁﬁg%vonmag be performed at
a rev. lEf%(éI&B%et %ﬁ%ﬁgﬂt\/ toag:lelgthh%%&%éﬁgﬁl Lip gﬁncgh‘gltll not preclude

targeted cellah§for exa a culture solutlon
cell sygypvple andspreferabbino 00 tad 04y |§of0(f 3 g § masutesnGentriigpiignest lfaw than
preferably equal to or less in volune than the cells,
300 *grrdaynigsd topnaitieqiersicyll pieeipdatinpomdrihescedtdensitytrivrbechae low, ‘while
targeted cells are excluded. In such a high density
centrifghtiomm fzheckhh $208reg imay tdadde celbddnzapt amd, ttherefachn@theeof these
and the interaction between the cells may be achi eved
cases Bfpréfetableel y. [ 0035] When used in a tissue state, it is
preferable to renpve conponents other than the target
[oo33fel I's, such as connective tissues, by performng an
enzyme treatnent or the like. Wen there are many
C t
WA iy el R Bhrh l BLAEH SR Rend gﬁ?‘@%ﬁkﬁf&“
perforﬁlrg? TRE %r%%ha?lrﬂ%%rs]?sg‘)egsfwnt cpfes%ngge ce?ls 1%9021\1;/%@%“ aﬁ Pu%e% ?sed for cell
S _not eferabl Mor eqver

.and. t 0036
centifyEitone i b B TRER rTIoF e MG hORo T AGIplS desf colls s he

cell mmss, a n very .close contact, and it is
Pfempggtseleisaar?f&fabteeé? thafoataingr,weh a1 Bhes %%S@é%?ﬂff%iefmm thestandpoint

SO0 as to press against the first cell nass.

of conmlgtely serpeyiag the SERAMAASI ng t he surroundi ngs of the
first cell nmass and the second cell mass with a

[0034kcul ture solution or solid which does not inhibit
oxygen perneation is also effective in naking the
cYhtmptecipébtecan ptdpered blylcemafmasor theseegipitang miy besdiskc8y
preferable to add and

positioned inside the support carrier. Here, components other than the targeted cells (for example,

a culture solution, a buffer solution, the support carrier and the like) are preferably equal to or
less in volume than the cells, and most prefefably the components other than the targeted cells are
excluded. In such a high density cell mass, cells are in close contact with each other and the
interaction between the cells may be achieved effectively.
[0035]

When used in é tissue state, it is preferable to remove components other than the target
cells, such as connective tissues, by performing an enzyme treatment or the like. When there are

many components other than the target cells, for example, when the volume of the other
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position a cell suspension at high density into a
solution with a different viscosity to solidify the
solution as is, since the cell contact can be easily
mai nt ai ned thereby. Here, it is preferable to

posi tion the enanel knot of a tooth germ epithelial
tissue in contact with the first cell mass when the

compbhdnid is 6§ td@%ﬁorb $had DA LEtHE@kils, FRSRteRbLid P Re@Ghdells may not be
mesenchymal I's and the second cell nmass is a tooth

h gq{ %ﬂ the invention is not

aCIEﬁsgrte ﬁh nﬁ%hShfégggfﬂ %n the support carrier is in

[003@ gel state, a solution state or the like, the
olidification process by which a support carrier is

lidified may be_ arranged so %5 to fo#lomra %

p FEOGRIY ereoerséegablw s %agr §rB3re 49 H85egRd £ ss3re in very
support carrier. may be fixed inside the support

close geiptagteandpiiis eypsciglhy pigleraiqto nonition dheesgeondmgll mass so as to press against
solidification of the support carrier, conditions

the figeerllradsh JFurthgmbré, gncarhmssng theistireendings obthe gy gelt tnass and the
carriers may be applied w thout nodification. For

second xelimiass, withvheudtusodalwtiohioabbled whivy dorsdmt it exyg@opdrmgsivn is also
are used for the support carrier, they can be

effectB@lin fhaking thelbod Rt gen@nahd jellafppkésadosen A it isdiso pryferably to add and

exanpl e, being held still for several mnutes to
pos1t1§rff‘%{ B41Pduspedtidn 8f hibh Héﬂsﬁ§ irdb a'é&'!ﬁtl&wvfthl 5. ﬁlﬂ'e?éﬂ@ ClsBdsitk S0 sdIify the
hi s way, binding between cells insid support

soluti%s rk SincE Bk 28 cEﬁ%&%ﬁZBgez{sgg HﬁﬁntalL&ptﬁﬁr]e dﬁl ?L%eh{] I}]ttlg] Preferable to

ture process producti on net

positigr{ ﬁ? %Rgmel Y& otfla? 2 f | épsi fgael‘ ltlts%w i éont& gmtﬁ tﬁeeﬁrgpg 1 mass when

mass are CU ort carrie

culture cess i nterac
the il oty sl RS b PP e kB [1 "#freﬁﬁrnde fi petfpg gell mass s
and the second cell . nmass which are in close contact
a tooﬂrvgrrw Pibef! aiflf»ﬁ@ﬁ b the igyeghiet gt bmied iodhise, nanol y, a
tooth. The culture process maybe perfornmed such that
[0037} he state of contact between the first cell mass and
the second cell mass is maintai ned by the support
c When gdre suppbrt ¢aerigrpinesze! state, beolutidn state or the like, shpjpdidification
carrier which sinply has first and second cell nasses,
process by euhlidhur sippart tdreerps esleliftel ody bodrhaged el dsgo 6éllomnifrentis:.

positioning process. Cells positioned inside the support carrier may be fixed inside the support
carrier by the solidification process. For solidification of the support carrier, conditions generally
used for the solidification of support carriers may be applied without modification. For example,
when solidifiable compounds such as collagen are used for the support carrier, they can be
solidified under generally applied conditions by, for example, being held still for several minutes
to several tens of minutes at the culture temperature. In this way, binding between cells inside the
support carrier can be ﬁ)red and robust.

[0038]
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The culture period varies dependi ng on the nunber of
cells positioned in the support carrier and the state
of the cell mass and, further, on the conditions under
which the culture process is performed; however, it
typically takes froml to 300 days, and preferably
froml to 120 days, to forma tooth having enanel

O fHed@ IR Predeitdfthe f18d i Sion § ﬁ{é@hoﬁ lof ﬁf%rp@é%leﬁ/t 11;1=vetnﬁm§ Q 86211 mass

fromthe standpoint of providing quick results.

and a Eélfo'hﬁ €&l mhgs a}é’ ailtgt?éd dMs G&HhE §u¢p0‘i‘t%a§%p i ﬂﬁss %uiﬁipedn%rocess the

preferably ays, orma toot

mteragﬁtfﬂ I?e%&%%e éellg 1¢’s e ec{we(i)}rr Sgr oVr\lhngcri] P¥ il TSt gﬁil %Qsp‘{ﬂd?tg? Fﬁgand cell

he” sup
mass §fRard fosg ?&?@?am% ﬂwﬁ”ﬁg@o@?n%%[ag%?@ 5%5@?&1@%‘1

used for aninmal cells can be applied with
LG F1IES PBRESAMEY R EC O SHENDROAG Hote o epiics hetisshedirs cel

applied without nodification. Further, serumderived

mass 3 srenneheell mgsd ivmaintsinsd be(tha duaport eastierrasd therirodesamay be culture
known to be effective in proliferation and

in a supippft eprsint Which simply hasHiesteind sbdosd cethmaises, ad detire incthé presence of
cul ture. Exanples of these cellular factors include

other ¢eBF ofiidmBNP. I n addition, it is preferable to use
organ culture fromthe standpoint of gas exchange and

NThe tufite SR hiridsQepé diUuRStha ReimB& df c&ﬁﬁ%@ﬁonéd’h PRI port
culture, generally, culture is perforne floatlng

carriePanA O DRMRR LA B hind ﬁ%%ﬂ"&?t %%M%ﬁ%nﬁ&%ﬁcl{] e cu l'llll’e

proliferation of animal celfs a 20 placing the ce

proces’g"?ssﬁe%nﬁgﬂé %?rgig)ge 1 gﬁlcﬁff}p%izhst &N rtI 860 Q%fst an%@'}'eefgg[)g{r}?om 1to

The" porou r‘ané” used herein 1§

120 da?? rﬁ}:‘?{.ﬂ]e Qg%ghr%gd en el locll 3de an&%ﬂltmod&?@ﬁggd sz%%ly 1 .t.o %8 days
from %ﬁ%ﬁﬁ%oaaiﬁ'f%? g it TOTE dragp L cy Gdisnadd 10 mend

H&s L gf ani Is is preferable because a tooth having
preferably |, 1064 ‘ilf’t-‘z’sc,t g f9rms} 19e tngPgHoMMiE §Es¥ed in the early

stage in response to the actions of various cytokines
[003%]and the |ike fromaninmal cells. Such culture in the
" presence of other cells of animals may be perforned
eWhen qtunsis pgrforswidanboindled $uppam darder, tultueelcandiel ferformed under the

general conditions used for culture of animal cells. Here, conditions for culture generally used for
animal cells can be applied without modification and the above-mentioned conditions can be
| applied without modification. Further, serum derived from mammals and various cellular factors
which are known to be effective in proliferation and differentiation of these cells, may be added
to the culture. Examples of these cellular factors include FGF and BMP.

In addition, it is preferable to use organ culture from the standpoint of gas exchange and
. nutrient supply for tissues and cell masses. In organ culture, generally, culture is performed by

floating a porous membrane on a culture medium suitable for proliferation of animal cells and
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[0041] Furthernore, it is especially preferable to
performculture in vivo by transplanting the support
carrier having first and second cell masses into a
living body, since a tooth and/or a periodontal
tissue can be forned in an early stage. In this case,
the first and the second cell nasses are transpl anted
Y] - ri i - Y [l
placify b0 S PRI D't UllidrioR sl Bl B p P S Rlfbrane
i ncl ude | s or exanpl e hu S i gs, m ce, and .
used beRen e T ereny BY GRRBr Y BRI WD s g pispecific
sane ecies as that of the tooth germtjssue. Wen a
examﬁ‘ﬁﬁl&lﬁﬁ@%apﬁﬁ &@f%etl{l%gaql%naerre& ﬁ@%%ﬁ?%? Filter t‘t@de name).
referable to wuse a human or manmmal s ot her than
[0040humans whi ch have been altered to be i mrunodefi cient.
As for sites in a living body suitable for such in
v Perdorgringithh cukturb ircthe presenss of etheneedle nf avimals anpteferable because a
subcut aneous transpl antation are preferable for the
tooth havanpspipenitiatcelb placemant der b forrgehiarniad erlgsgae i @iponse to the actions
tissues of the animal cells as normally as possible.
of variblie cgbbinks andelid lek fsif @ lial Gells OSiich @ulnird s ik pRisadde@f other cells of
- varies depending on the size of the explant at the
animalsl A%, & dpe*rﬂ‘oﬁﬁ&PéxﬂH&cﬁﬁs‘ix@gﬁ%d bOR a8l 4681a0kd ¢dIg. tooth to
be produced, but is typically 3 to 400 days. For
[0041fxanple, the subrenal capsule transplantation period
s preferably 7 to 60 days fromthe standpoint of the
teot.h regeneration and. t size of the tooth to be .
FBUGERER Shtcty DpabR f R TPl b by e Hianting e
: al though.it.varies dependi ng on the size of explant to
suppof g Rb S L AR Srer i el TP T & BHBS UG AMEGA ot andiot
. fegenerated. [0042] Ex vivo culture (preculture) may
periodg tgg%%sv%? fymedpn pp e%rYYa%ﬁ% Ié‘ﬁ?‘étcﬁ%?nﬁ’ﬁéif%t pad theyspepyd cell
body. The preculture is preferable since the bonds
massemwmewlwéqdp wittaihg suppertrgrter e Wedivingiwdyi r st and t he
second cell masses can be nade stronger to neke the
i Anigrabcwhiomcdndtewsedfos dhis sprdicatomgeeferably iacludeseintmalst foe example,
overall growth period can be shortened. The preculture
humanpem g thiceandike iegad mord pafgrablyt aniirsalsl dsdived Hitoen the siay epeaies as
| onger period, for
that of the tooth germ tissue. When a human tooth germ tissue is transplanted, it is preferable to

use a human or mammals other than humans which have been altered to be immunodeficient. As
for sites m a living body suitable for such in vivo growth, subrenal capsule, mesentery, and
subcutaneous transplantation are preferable for the transplantation in order to generate organs or
tissues of the animal cells as normally as possible.

The growth period according to the transplantation varies depending on the size of the
explant at the time of transplantation and the size of the tooth to be produced, but is typically 3 to
400 days. For example, the subrenal capsule transplantatibn period is preferably 7 to 60 days

from the standpoint of the tooth regeneration and the size of the tooth to be produced at thé site of
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exanpl e, 3 days or nore, and preferably 7 days or
nore, since a tooth bud can be produced from a tooth
germand thus the period until a tooth is forned after
the transpl antation can be shortened. The period of
precul ture of, for exanple, organ culture to

transpl ant beneath a subrenal capsule, is preferably
the trahshiQath f f ¢ {AErAAsplanted and th
e Ny B RIS ko EREATAI alaed s e

n _net hod of the present invention has a
Slzeofﬁl%q%(%%oob eneleaedlo pl acenment (structure) having

[0042$ent| n insi de and enanel outside, and preferably has
irectionality, that is, has a tip (crown) and a root
of a tooth. By having at |least this specific.  cell
plA R RSHiure émec‘wrea ey de aswfgefrmﬁﬂé\ﬂnﬁgwr%@@m%m tPtﬂ§P liying body.
addition to the cell placenent, the functions of
The pregelitiie ssamefbrablesmirics gt eads Iiveeesfasflpandsthe hord beswedn theﬁrst and the
be wi dely used extensively as a tooth replacenent.
secondPeell messteah\bewinele striv@eneseaiehhamteratibh betvedn eglistshedgenl Asa
cells derived froman autogenous tooth germ are used,
resultphobleeatbgroatisitiod yan b¢ doktesd. can be avoi ded.
General ly, it is also possible to avoid problens

ediftufeqeBi6ll nfA) bORRSH 5NBnE & ik JestiaBleds hivealohged Beriod, for
the tooth germ of another human havi ng a matchi ng

exampl& 3NEPE &Nhéadel zﬁﬂ iagsm dzlyggpfﬁll)reF Hhédeloott B'hdt(,jaﬁ be %Jroduced from

present |nvent| it rs p033| ble to form periodon
{
a too aéveo'“’%%d tlﬂb elg %B[elfr)ell% f 2R E%rr atﬁ% {rg.n EAH‘%HOI??&H be shortened.

tabili eeth ext nd|
The pdfill B B LI °1h§* BRI EN %&ﬁpcapsule
: tb E{owdde er the transplantatio That is, the
is prefgrabld fod aﬁﬁ’é‘(ﬂf g e %:It‘lvﬁléfé enprateiadeefl of the present
invention is characterized by containing the
[0043Bpove- ment i oned culture process as a step to cul turing
the above-nentioned first and second cell masses
i A &railepgducsd sosardipa tq the praduetian methesbefthe atgsent invention has a
peri odontal tissue contiguous to the tooth can be
tooth-spitific netiplocmdnti(stupnes basahg denid idside dand renarpdmugside, agl preferably
step to isolate the periodontal tissue obtained by the
has direbtneHtyphitiohasla tyl(¢rawe) and a root of a tooth. By having at least this specific

cell placement, and by preferably having directionality in addition to tﬁe cell placement, the
functions of a tooth can be manifested. Therefore, such a tooth can be widely used extensively as
a tooth replacement. Particularly when the mesenchymal cells and epithelial cells derived from an
autogenous tooth germ are used, problems causedrby rejection can be avoided. Generally, it 1s
eiso possible to avoid problems caused by rejection when the cells are derived from the tooth
germ of another human having a matching transplaﬁtation antigen.

[0044]

~ Further, in the present invention it is possible to form periodontal tissue in addition to a
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In this method, a periodontal tissue can be forned
contiguously to the tooth by extending the culture
period until the periodontal tissue is obtained, and
peri odontal tissue can be obtained in isolation by
separating it fromthe tooth. Isolation of the
periodontal tissue may be performed according to any

tooth ﬁ%ﬁ gﬁﬁh ds AvBIaf B‘ontelaﬁd gﬁﬁda‘gg&%lghlb}ahg,Wcﬁ ﬁfpg@(? glgjt’%t%ﬂfﬂze teeth

ture process C e separate rom

for .exanpl e, separation by ezers, or the. like .
on the 0 58 T etsmPR ey ool S5 SEE G  Procbid 6in can be provided
f tﬁgditi?n anyt hing described in the above-nenti oned
after the fpnsplagfatigh oduci ng a tooth can be applied to the
prgsent nmet hod of producing a periodontal tissue as
| dHy mdhe methed pt Ripducing pesigdengal tisgte qfithy RTasent MYGUIN isThe
tooth and periodontal tissue obtained by the
charagierered biysantainingdheehovednesfiopmdouliviepgocgss asactdp tanalturing the
nmet hod of produci ng periodontal tissue of the present
aboveimemgiwhedfirstan deeondsel nasseamsidefafsapparvearrieamal £tvothomd a
for producing tissue related to teeth in the future
perioddhfal Bssut BorAiRdoiisi to fheltooth $8n b@sbtgifiedfcnltadiprockdsdand Anthae
applied to studies investigating the devel opnent al
contaiRin@G&EPas isRfatd BB bBriod¥RaPRXEE obWABNbY R abeRLMAeioned culture.
periodontal tissue obtained is used as an explant, the

ci tiﬂérng%tlllcﬂf, 9§§§§ﬁoﬁ&@ Rl B Blrohh&s RnAgHEL Q8 gﬁﬁ%&%ﬂ @y leRtending

prefer yp ormed 1 n organ culture i n whi

the cu{t{l}%rp ri{)cf ulil tl‘feg&trig&gntzwiutspue% Qb%ingf Ialng gr.fiocfaomams,!sﬁe garx]ldoe obtained
eentire proceadure can b 8 In vitro.

€ processe

sl b B RSB ETR b BT o oo
B3 SR SRl B BRSBTS PSR s o

plural teeth having a tooth-specific cell placenent,.

be separated fiomye (qoghy 4ot exaspls. wenirapen &é%e@féﬁf the §ke. tadiak digesgipn by
teeth and used as an explant of a single tooth as

enzymga ot tiedég. bel ow Thus, in the nethod of producing a
tooth of the present invention, when plural teeth are
pinadditien, aythig demeted liry thetathevetmettionedmethed pf proiddanlg asoth can
a set of

be applied to the present method of producing a periodontal tissue as long as the culture period is

not limited.

[0045]

The tooth and periodontal tissue obtained by the above-mentioned method of producing a
-tooth and method of producing periodontal tissue of the present invention can be used as an
effective research tool for producing tissue related to teeth in the future since, in addition to use
as an explant, they can be applied to studies investigating the developmental processes of teeth.

Moreover, when the tooth or periodontal tissue obtained is used as an explant, the culture

process according to the production method is preferably performed in organ culture in which
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teeth constituted by plural teeth. As a result, teeth
for explants can be efficiently produced. [0047] The
set of teeth can be easily obtained by applying the
above-nenti oned nethod of producing a tooth w thout
nodi fication. In particular, in the above-nentioned
first and second cell preparation processes, each of
there & ,Ia doplacPRifh BhSSSARd: &ﬂnt RS the! eﬁtn%ﬁ)?@d'eaﬁrg lo¥n wﬁeegs%t in vitro.
then positioned Insi de a support carrier
ontact wi th each other in the positioning process
nd, therefore, plural teeth can easily be forned

from a,ce roup i ch .norma f .on|
E iy ithior BeRrtlarimaft et oryedh BRevis o Reelis o
preferabl e that both of a rst and a second cel
placerygattobined g, ag PHONE+ g&ﬂtﬁgﬁ@.%@ d@roducing adeRier to
facilitate the reinduction of tooth gernms to produce
pBincasugheietehof teefh rpnstiteted by pbird Geatlubaying ploethsspaeiiic pell
ei ther organ culture or subrenal capsule culture as
placemrentt ¢éagh dulrdte othacud balsepuratbdfrointtae see df teetbtahd bsdas eul explant of
as an explant, it is preferable to perform organ
a singteutbbthrae deseribdd ledhow [gne ih themmeth@hdfaeddusinigha todth ef theelrdsent
of animals and the entire procedure can be processed

inventidh, Whh plurdl @4 Pdre bryduORI s Banedusly BleRtedth B4std foiadd 4 set of
method s included in the present invention. This 24

teeth édh@t'itﬁféh %Eﬂpﬂh&l%btﬁ"?’ls*&qgsdlﬁ ‘te'eﬂﬁ%? explan®y QB2 %ffic%nﬂ?ﬁ;?ddﬂced
t he above-nenti oned set of teeth; a process in which

[004 ach tooth is separated froma set of teeth; and a-
Erocess in which a separated tooth is aligned to have

direc |on oth eth
t ?g% ée‘g nFtethtcla% gas% ¥ ofn‘é ¥ tels] ﬁﬁngﬁl%e aé)overﬂtgntmbned method of
teet h havj ecific c | acenent

produfing'a otk Shev e 3Pk | fhlﬁﬁ?ﬂtvadammffifﬁbaﬂd second
tooth transplantatjop can be perforned efficiently

cell preprsafenn PrAgesIes GRRh Al bt %eEaOftdtf@”ﬁ‘Faé% aﬁpp%rttelémpaf?d and then
can_be applied to treatnents or procedures for tooth

positiqngd énsidg asapp Al cagieri ip gentas) mpthereh etbeomaiosiioping |p@y:§SScﬁmd
or danage to teeth: for

therefore, plural teeth can easily be formed from a cell group which normally forms only a single

[004

tooth.

In the method of producing a set of teeth, it is preferable that both of a first and a second
cell mass are constituted by single cells in order to facilitate the reinduction of tooth germs to
produce plural teeth. In addition, the culture process may be either organ culture or subrenal
capsule culture as mentioned above, and when the obtained tooth is used as an explant, it is
preferable to perform organ culture in which there is no contact with other cells of animals and
the entire procedure can be processed in vitro.

[0048]

Furthermore, a tooth transplantation method is included in the present invention. This
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exanpl e, dental caries, marginal periodontitis

(al veol ar pyorrhea), and periodontal diseases, tooth
breakage or avul sion caused by accidents, and the
like. In other words, a treatnment nethod of the
present invention includes transplantation of the
tooth and/ or periodontal tissue obtained by the

transpMrRfon b dTRIPARY: PhrobdlS (PEIRSIR Me AbBVEREhRhel ﬁét(bf tdell€ a process

site of tooth [oss and/or danmage. Thereby, the
. - ti h ' .t :
i A O 1L QRGB! PO oPlohPLI8oRy i PEbly sEeiRed oo s
: ot her. treat pent hod .of the present, invention
aligndd 13 e St eRbBTl 5 e ol e Bl g PBelie Y pgptanted.

present jnvention, or carrying out the positionin .

ngers Pl testh haying g5sei8s selhplagqrpent @ diregtionaljt g bg obained
~ and/or damage. In this case, the surrounding tissue at
simultapeougiytagd goth wansplaptatien eandregrerfommadeiiicientlyel f may be

applied as a support carrier in addition to the
[0049upport carriers nentioned above. Thus, the site of

tooth | oss and/ or damage can be treated faster by

¢ Yhotoothencanmdinizhe tHei pkes entf inoamtibh eansherapp Lisddckio nigatnensuoe procadures

the living body. [0050] In the present invention,

for todth k€ cduseBbevARDs BEnRbiheGédonphivied BE RIS dridafdgdio tadth: for
interaction between nmesenchynmal cells and epithelial

exampfl€|destal @rieB g nAfpeRbRAES DBvdola? ?&@Tﬁ’é@] 6hd pétiodontal diseases, tooth
constructed by an’interaction between nmesenchymal

breakfiloh fylith SRLLN) JcBliofE! duf kAl S0 be 25 provi ded.

er wor e metho produci ng a tissue of

the . present _invention,i net hod.of producing. ti -

cr SR = G Rupd ool RSt BenPlr i Sl B ion ofhe
cells an i.t hel j al [ l.s,: nd includes;, positi.oni )

tooth idfqr pefoibaf g ob Spd Puinp RS RELPASRGe Bipr uf{epih ino
.one of mesenchymal cells or epitheljal cells and a .

the site gEiopth loiand RRdamags s Eess v PhOvedRentioRechy ytieRys ftihe site of tooth
ot her of the nmesenchymal cells or epithelial cells

loss andfpgidgmage eandgdrented apd/pegllevigtedont act wi th each ot her;
and culturing the above-nentioned first and second
cahdtherdregimeent methdd of the presbuvieventon inghides unypigraut only the culture
carrier.

process of the present invention, or carrying out the positioning process and culture process at the

site of tooth loss and/or damage. In this case, the surrounding tissue at the site of tooth loss and/or
damage itself may be applied as a support carrier in addition to the support carriers mentioned
above. Thus, the site of tooth loss and/or damage can be treated faster by cytokine and the like
from the surrounding tissues in the living body.
[0050]

In the present invention, since tissue can be effectively reconstituted by an interaction
between mesenchymal cells and epithelial cells, 2 method of producing tissue which is

constructed by an interaction between mesenchymal cells and epithelial cells can also be
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In addition, itens described in the above-nentioned

met hod of producing a tooth may be simlarly applied

to the present nethod of producing tissue, unless

ot herwi se noted. [0051] As tissues produced by the

present method of producing tissue, those constructed

by the interaction between nesenchymal cells and

iR thelial cells are pertinent, and exanples of these

I'nclude a hair, kidney, lung, liver or the like in

addj |on t.0

R R e T Rrgﬁ%lgfn‘fﬁﬁ“% gmethod of

case, is preferable that at |east one of

Pmd“ﬁ’é@é‘ﬁ%ﬁfﬁ%ﬁ“&@ﬁ PEeg HHeféﬁlot“rPéF"Y“&P s BRI S el spihelial cels,
fromthe target tissue. In this way, a tissue can he

and incldpy: 9?’0$18?fﬁ%la Byt el masseubstantighy ecrﬂtalwae anky|sitberRpewéen
directed to the target tissue. Mdreover, in order to

mesetiphpdialceilnon epitheliad delisiand agecond cell messi sabﬂtgn,tiaily cpmainingtonly the
preferable that both of the nesenchymal cells and

other efthe hebénghyroackls @arepithelf colls dnsidearsup et ¢amerat contsgweth each
[ 0052] Exanples of tissues used to prepare a cell nass

other; 188 pelairing ehe/aboos-aichiioted dird indresond balhmhsseciasiis ther
epithelial cells include: in the case of a tooth, a

abovelA@idndiesugb@Peardgnt al pul p celI's, peri odont al
menbrane cells, and eplthellaI/nesenchynaI cells in

t fifadRtRh ﬁé’fT{ (ﬁe)écr:ﬂeﬁ i i aﬁ?s?eemgﬁtlo%@d RRinod of'p gaﬂé %'tc%lth may be

hair foll eint evel opnent al process an

sxmllah? Hl?ed?o Ehe ?%isg Q'netﬁcpd @ﬂqﬁl}&dgln\g tigs tehl?nlgs%So(?he(i)ms"é1 nléﬂeg ney,

ney in proceéss and a

[0051 |dney tlssue of an adult; in the case of a lung, a
rinmordi al Iung in the developnental process and a

l yung tissu n adul t he case a liver

axbﬁ?%mp oot by dre mieptieetioyel IHBM%S% 56 congiict by the

liver tissue of an adult. In order to prepare each
interagsiop befiypen mepenginiel sells andepitheliabeglls pe pesiinent asd exmples of these

cell mass nmay be prepared as descri bed above by
includg e hair. didney [ves éwemrtgﬂ likeath [additiovel toethé tole@ mamtmecﬂ Rleoveranghmay
a tissue, positioning theminside a support carrier,
includatig entitettissdertg agad/tioeredfr anspl anti ng as descri bed above.

provi

In this case, it is preferable that at least one of the mesenchymal cells and epithelial cells
is derived from the target tissue. In this way, a tissue can be easily formed by using cells which
have élready been directed to the target tissue. Moreover, in order to produce a targeted tissue
more reliably, it is most preferable that both of the mesenchymal cells and epithelial cells are
derived from the target tissue.

[0052]

Examples of tissues used to prepare a cell mass respectively constituted by mesenchymal

cells or epithelial cells include: in the case of a tooth, a tooth germ and dental pulp cells,

periodontal membrane cells, and epithelial/mesenchymal cells in the oral cavity; in the case of -
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In this way, as with the above-nentioned tooth, a

ti ssue having a specific cell placenent for the
targeted tissue can be obtained. [0053] The foll ow ngs
are expl anati ons of Exanples of the present invention,
but the present inventionis not limted to these.
"9 as used in Exanples is based on wei ght (mass),

hair, é&ﬁhﬁ&ﬁlal REDRIISH ﬂ@&&g}op@éﬁﬁ%rgéess L ir foﬁl@f@i’f@b@éf ah adult;

and Conpar ative Exanpl es (1) Preparation

in the%tatse oqgtklﬁdn%? ? ﬁﬁdr&ﬁﬂfldﬁ‘%y iff %llel asevan mglﬁglt t}o /ﬁ{d ac}q%iney tissue of

nesenchyna h germwas rec
t oot.h., M d d f t ,
ansoff b%btaﬁs%?ofat%ﬁEﬂﬁfﬂﬁtﬁﬁr?w@&3etv§18¥5ﬁer§@tm$%mr@2a T

x0| ed from n enbryo, havi.ng .a embryoni c age o )
an adyljj a alatbé casgof & ey BRI e i d@ﬁ%tglé’%}e‘fttldﬁ"@ﬁ%&d a liver

Japa Inc.) or a C57BL/6-TgN (act-EG-P)
tissuef adnlty01- FML31 ( GFP mouse: RI KEN Bi or esour ce Cent er)
27 which is a Geen Fluorescence Protein (EGP)
t eerdergnipeparsiegeh cdbymask droputheseritsiusnad finvedndodsecendael mmss may
m croscope. The mandi bul ar incisor tooth germtissue
be preparsd anddserbedi abhveabipdepaphiat meschdiyine calisl antliepithe]iBBSIls from a tissue,
(-))containing neither Ca2+ nor My2+, treated with an

positieHiEy/ emSidd 4 upport Barrivh hkdcuBuS RASR1/drl trac5ediBig as described above.
Mannhei m Gernany) was added to the PBS (-) at a final

CRNGRNy2dsivaith the@hbdvelnddiibhed Rbih! PATE BARRE @E}Shrcﬁicfdéﬂ placement
12.5 mnutes, and then washed three times wth

forthééfggiéﬁtlssﬁte catlrEé‘blﬁamQ@) to which 10 % of FCS (JRH

scl ences enexa, KS) had been added. Furthernore,

[0053ﬁaDNase | solution (Takara, Shiga, Japan) was added to
ke the final concentration 70 Un and the tooth

g I Ssue dIS rsed otg ermelth
'fée;%ggwglﬁa are;e atﬁ)glls prf:ﬁeg ﬂggn t the present
r.g epar a ng a 25G injection needl
mventstqau d§ 1m1¥edst’o B‘tese t‘% alél fﬂqedgm Exampleé 1st21sedI on weight (ma.ss) unless

otherwise noted,

Examples
[0054]
[Examples 1 to 3 and Comparative Examples 1 to 4]
(1) Preparation of tooth germ epithelial cells and tooth genm mesenchymal cells

A tooth germ was reconstructed to form a tooth. Mice were used as the model for this
‘experiment.

A mandibular incisor tooth germ tissue was excised from an embryo, having an
embryonic age of 14.5 days, of a CS7BL/6N mouse (purchased from CLEA Japan, Inc.) ora

C57BL/6-TgN (act-EGFP) OsbC14-Y01-FM131 (GFP mouse: RIKEN Bioresource Center)
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Tokyo, Japan). [0055] For tooth germepithelial cells,

the tooth germepithelial tissue obtained above was

washed three tines with PBS (-), and treated tw ce

with an enzyne solution, in which Collagenase I

(Wort hington, Lakewood, NJ) at a final concentration

of 100 Um was dissolved in the PBS (-), at 37 C for
whict?8 a'@r@#ﬁt BlRoredddfcbleh @Gﬁ’h Hhﬁs%@ﬁg ﬁ&l{e' &K@th@ﬂal method

centritugation were rther treate

under a rrxﬁ, oscol{esflgen;%zuiu{lbul% %’n&so)r to%tth ggrmqtlﬁﬁ%)f%sﬂg& P&%’hate

supp ema
DNa
buff%%ﬂ%*@ﬂﬁlgﬁ a)ﬁ%tfﬂmf%ewtmr%i SN i Vithan g splution, in
whic S| ggz{sg epl épl%%l?lél;{ngqe S{l \é\gg‘r&lg 8 bt %It a %nal concentration

nesenchynal ceIIs the tooth germ nesench nal ti ssue
of 1.2 gfmlyeh sonsel tempeasure ford 2. SyininktepRgd then veashed theagttisees withfDMEM
PBS (-) containing 0.25 % Trypsin (Sigma) and 50 U n
(Sigmef StCobuinddawevhiclf Vbt ¢filiist (GRILBiggidgoed, LotexDNGS)ehad been added.
(Takara) was added and single tooth germ nesenchynal
Furtherelokes a \BNage bbdlationg@akuya, Shipat fapag. was QA5E] to 2&iké He final
Preparati on of reconstituted tooth germ Next, a tooth

concef@4tin\WBU/H2 8d e kobth BEhmUSdsiOdibftes et OfidRo SR ke §ithbRdl itiddues and
cells and tooth germ nesenchymal cells prepared as

tooth Q&&‘&ﬁeseﬁ&%&l 8459 w8k tsﬂ@lch%l' se%%lake%l s Mgta%mnﬂs@ﬁéﬁ needle (Terumo,
mesenchymal cells suspende Si gna)
nented by 10 % FCS (JRH B|OSC|ences) , were
Tbkwﬁggﬂgﬁto a silicon grease coated 1.5 nl, mcrotube
Eppendor f, Hanburg, Germany), and the ceIIs wer e
etrieved as precipitates by centrifugation (580 X

Th t t t | t
R ST o it 2o g Pt ol apove was
washel g Fges gz%ﬁ%h%kﬁ“gﬁ%%?ﬁdﬁgis%@%&%éfmgg"i‘ganﬁd i

was conpletely renoved using a CGELoader Tip O to
Collagenase I (Worthington, Lakewood, NJ) at a final concentration of 100 U/mI was dissolved in

[0055£

the PBS (-), at 37 °C for 20 minuties. The cells precipitated and retrieved by centrifugation were
further treated with 0.25 % Trypsin (Sigma) - PBS (-) at 37 °C for 5 minutes. After washing the
cells three times with DMEM supplemented by 10 % FCS, a DNase I solution at a final
concentration of 70 U/ml was added to the cells, and single tooth germ epithelial cells were

~ obtained by pipetting.

On the other hand, for tooth germ mesenchymal cells, the tooth germ mesenchymal
tissue was washed three times with PBS (-) and treated with PBS (-} containing 0.25 % Trypsin
(Sigma) and 50 U/ml of Collagenase I (Worthington). 70 U/ml of DNase I (Takara) was added
and single tooth germ mesenchymal cells were obtained by pipetting.

[0056]
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20 pL (Eppendorf) while being observed under a
stereom croscope to prepare cells to use for
generating a reconstituted tooth germ 30 pL of
Cellmatrix type I-A (Nitta Gelatin, GCsaka, Japan)
prepared with the above-nentioned culture solution at
a concentration of 2.4 ng/mM was dropped on a silicon

to generate a drop (gel drop)
() g %ﬁ%ﬁ%ﬁtﬁ? g %05 L of the

p%ee\%{ B'té %@ gone Qs reg (:“n{mcltt]acdJ l%? tﬁﬁ ec]o];h ée Cee'prthelial cetlls (il]tooth germ

ern1e s or
sench ceIIs were applied to this solution
’nmwﬁ§WW@1nﬁﬁ?ﬁ@?%%a%ﬂﬁw?cpal|ty Scientific Plastlcs) of
erate cell aggregates_ as cell

0 0
1 %e%’[l eﬁﬁl?ﬁaheﬁﬁ%ompwl gpn epAnshyred colls fyspesded with PMEM

_ to . 2. Cell % ate 12, which was first placed

(Slgmiah@p@gmg?@ted &ydp “V!Lg Binspienees) +Weye adled to o ailicoiugreaseaoated
sphere inside the gel drop 10 (see Fig. 2 (B)). Wen

1.5 mEmnotigsibe (Bprendey§ Hagdiues, Gennanyt) head the cedle wesdietrielel as precipitates
spherical cell aggregate 12 is crushed and envel ops

by cetithifigardd (580 g e Jiieaudetnatant ohithy cullas esluficesier centrighiign) was
Then, by solidifying the gel drop 10, the bonds

removRE ENER Eréallst Stk BossHld, eagtifugnesh wadlohOead] aghi, Ad¥he culture

present Exanple, a cell aggregate containing single

solutl&{axlehﬁuﬁ!ﬁg drBeneRIReldidtes Gak k&nﬁl@telmﬁl%%‘d“&’s@ a Gﬁtbﬁier T1p 0.5t

and a partial tissue contalning eplthe ral cells and

20 pLQE%;%ehﬁJ)rgﬁ\’vﬁ?el{%lﬂ‘gg ts@rkr@d er 9?%%8 f,)é:t% éJ %}e F&{ celﬁlsa%oslésg for

m wer e prepare respec

resent Exanpl e, mhen conbi ni ng the
genera%mggr{%%on?tﬂf&gtt(fo Oth ger nms obt ai ned froma cell

CRANERECPIAg e e it GERER, Bouct o phigoR ity o

cells or nmesenchymal cells into_a gel drop, a boundary

abovedygntigped %tufq%l%@aﬁw HeeeAtpion ghe A nta/@k\ﬁrés JiaRPSg| Rl icon
in close contact wwth a cell aggregate generated from

greasercgafefh Paleirdishelpicengstte aldropc(gp] dropyoliepBagen sglnaen. O tpd.3 pL of the

~using a tungsten needle to generate a reconstituted
precipttafes fuorg@pmiﬁlgaﬁon of the above-mentioned tooth germ epithelial cells or tooth germ

mesenchymal cells were applied to this solution using a pipette tip (Quality Scientific Plastics) of
0.1 to 10 pL to generate cell aggregates as cell masses.
[0057]

This will be explained with reference to Fig. 2.

Cell aggregate 12, which was first placed inside geﬁ drop 10 using pipette tip 16,
configures a sphere inside the gel drop 10 (see Fig. 2 (B)). When another cell aggregate 14 is then
inserted, the spherical cell aggregate 12 is crushed and envelops the cell aggregate 14 in many
cases (see Fig. 2 (C)). Then, by solidifying the gel drop 10, the bonds between cells are

strengthened.
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Further, for the reconstituted tooth germ (Exanple 3)
using tooth germepithelial cells and tooth germ
nmesenchymal cells which were nade as single cells, a
cell aggregate was prepared by applying the tooth
germepithelial cells in asimlar way to the above so
as to contact with the cell aggregate of the tooth
[oo58per m mesenchymal cells prepared in advance, and a
reconstituted tooth germ was prepared such that both

WB‘H!hg peg ﬂt %X%lln J( %eqpa%?peﬁate\%Ititam%%%qlﬁ?eg&% of Ihg%gl%lehpl cells or

recon ute m pr epare
bat 10
meserffTmSIRRIS phde pfplistis sonBSRRet G%rcﬁvsaa“ééﬂpﬁﬁfaﬁfléwsﬁ%ﬂtammg
|| I th th dj I
meserg e llEch o i ol para MaTiesch FeBer iR g Ae s e Beda

cell culture insert in a_ culture vessel which was
aHy the gesens fxamplaavhanrembaning theireqgpgiititad ioth geppy obtained from a
menbrane with a pore size of 0.4 mcrons; BD,

cell agorepatel and atisked Exaviplesvaand 2), aftm transferving el (iSiug ventaining
suppl enented by 10 % FCS (JRH), and organ cul tured

epithefigrcellBort roesBdchiyonat &lls Aftd e pet drep, artgandarwhirfice of thh éodtiogérm of
generation was anal yzed by pronoting ectopic tooth

each tganreratpleed af dese chiaasatentd Nggiddee @¥rabd froml tostl geint Bpithelial
t he surroundi ng gel beneath a subrenal capsule of an 8

cells o\“ﬁﬁ&r@hﬂnz@'@a@-ﬁsﬁ]g{Mﬁ@sterﬂ{eedl@Yo SRt 8hstiRfeOH 8@ Lerm.

culture on the ce cul ture |nsert 30 As conparative

Zﬁ%g g%-thﬁ&?ﬁnesﬁguéér(ggo&l et} pi%@ LBE%E%&E p]?xp%%ﬁhehal cells and
tooth en%r}%e%ena%l%gl cWilE P%ﬂ (A%gé III]EI e %sos(i)rgeglei:_‘%%r celll%ic’ggreegaﬁe was prepared by

{. t .
applyné% e i }fdﬁﬁgﬁﬁﬁf?” o e it ehnzap the et
ted f t th i t Ex _

agsreg3ic oL i apip 4GS ﬁ%se&gﬁwl&éﬁ%wﬁw% G §%¥§ aeéaﬁtrsqu%zeéﬁooth

anount of a culture solution equal to the volune of
germ wasgrepsradsueihathotwoyld besia ploped caytactavidy each ethpt ant
formed froma cell aggregate inside a support carrier
[0059]py mi xi ng epithelial cells and nesenchymal cells
separated froma tooth germ w thout
cdmgpanstiteet @bihzetm prepbet) weside 4 gud deypiwdsakbt saill 1o @ I(Gs imgudbator for
: the nesenchymal cells (Conparative Exanple 4).
10 minktes tdeilidify the@ytp@itiat type [-BX@Uid Seldtin @Al cdl@gregate along with the

epithelial cells and
surrounding gel as a support carrier, were transferred onto a membrane of a cell culture insert in a
culture vessel which was arranged such that the cell culture insert (PET membrane with a pore
| size of 0.4 microns; BD, Franklin Lakes, NJ) was in contact With DMEM (Sigma) supplemented
by 10 % FCS (JRH), and organ cultured for 18 to 24 hours. After the organ culture, the tooth
generation was analyzed by promoting ectopic tooth generation after transplanting the explant

along with the surrounding gel beneath a subrenal capsule of an 8 week-old CS7BL/6 mouse, or

by continuing the organ culture on the cell culture insert.
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mesenchymal cells were gently m xed at the ratio of
1:1, one cell aggregate used for generation of a
reconstituted tooth germwas prepared in the sanme way
as in Exanples 1 to 3. [0060] (3) Histologica

Anal ysis In the case of subrenal capsule
transplantation a reconstituted tooth germalong wth

of °14 8%’;1{‘%% PR ki S AR A Stoiod 9 offly GFAK the same
manny a4 g%o 0/8)(5 t gyglpsHlante ) {h e{n d:éﬁir E} exé}n Lissue %g ue]agl a subrenal

arafor me osp ate
ution.f d enbedd in fin .
Capsuﬁegh ‘é“H’l‘*fF‘BWg'? %‘Fﬁ{??wbda’i‘ WE@& 6‘?5'8%“ éfaPﬁ ‘?af{ Wxé’?the epithelial
nsti t ut d tooth germ For hi stol ogical na
tissue ﬁ@%ﬁ\emw élé%ﬁeﬁnfgvlgvﬂmﬁ@p%@d Baryadppibgenp &@wapaﬁ@mted‘ixample
a conventional method. Wen a tooth germ derived from
2), angxpipp usiwg ddowalsniyageresate gontaio mgsniamoveicfasultiregeluppn equal to
the tooth germ was deashed with 4.5 % EDTA (pH 7. 2)
the volusme Gzhhaalils $Carhpaatiediagpld Yeghdian expbot emédirah a cell aggregate
sucrose-4 % par af or mal dehyde- phosphat e buffer sol ution
insidefacuppdst damitr Sy nering dgrickliahcedln andGEsenchypeil oells(sbpdraad from a tooth
Inc., Naperville, IL), and 10 m sections were nade

germ \\Mtﬁ&ht Coniphtnddntdl Rk dhtbetwdbhlthd &ithelied COMMNY thedmBRnchymal cells
observed under a fluorescence m croscope (nanufactured

(Compi¥at&@IEXahpled}. Flihef ﬁ?@&&ﬁarﬁﬁv%’ﬁ%a%l&y |aﬁb’1r the g&tﬂehﬁ cells and

entire tooth gern1t|ssue are shown in Fig. and

mesen% 1 éllsf\k%}g]g&ﬁgr rﬁbge{i 4 fe ?a‘f%%nfq hngnd és%fl]lt %gregﬁ@ %lﬁ_é%ltf'opgejleratlon

esen |nven ion are

Ofafe°°né é%’ot o%tgﬁ“@gm"% 3%} s A Pefesi R 110 8

[0060 ubrenal capsule. As shown in Fig. 3, since the
nteracti on between the nmesenchynmal cells and
epithelial cells constituting the tooth germis not
G)}hﬁﬁﬁéwﬁéﬁml@ﬁanel derived fromthe epithelial cells
and dentin and dental pul '

Eﬁ@grlved fromthe )
niadementsy prajubreenpl capsyde Barfsp on, grieconsttpigd foothaermy alengewith
having a tip and root in addition Lo enanel and dentin
surroupding higeel fissugiveeekcped oh it day or 14™ day after the transplantation,
decalicified with 4.5 % EDTA (pH 7.2) for 24 hours after being fixed with a 4 %
paraformaldehyde-phosphate buffer solution for 6 hours, and embedded in paraffin by a
conventional method to produce a 10 pm section of a reconstituted tooth germ. For histological
analysis, hematoxylin-eosin staining was performed according to a conventional method.
When a tooth germ derived from a GFP mouse was used for a reconstituted tooth germ,
the tooth germ was deashed with 4.5 % EDTA (pH 7.2) for 24 hours after being fixed in a 50 %
{w/v) sucrose-4 % paraformaldehyde-phosphate buffer solution for 18 hours, embedded in an

OCT compound (Miles Inc., Naperville, IL), and 10 pm sections were made with Cryostat (Leica,

Wetzlar, Germany) to be observed under a fluorescence microscope (manufactured by Zeiss).
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[0062] On the other hand, as shown in Figs. 4 to 6,
when a single cell formprepared froma tooth germ
was used according to the present invention, in other
wor ds, when reconstitution was perforned by conbining
tooth germ nesenchymal cells with tooth germ
epithelial tissue (Exanple 1, see Figs. 4 and 5) and
b . <
Y he ATkl ] Ieocf%ﬁ Y éﬁ%ﬁe%f%ﬂ%ﬁh tibdu8 §Heesh th F@(’i Bhnd the

germ epit s (Examp see Fig.
resultl 8‘8151311 hg\ﬂu deqac%or%lpqgcco tl'{e éeggh%tgmg’fé ﬁcg?tgt%l \é\'{’e%gnt ?n%%ntlon . gre shown in
Fios. %ﬁp ul e transplantatlon inan 11- to 14- day perlod.
& e’'tooth obtained thereby denonstrated that it is
ossible to reconstitute the sanme kind of tooth as
[Omﬂﬁhat generated normal ly by culturing an entire tooth
germ (Fig. 3 [0063 Furthernore, as shown in Fi 4,
witt Gompasa mple bé ire excised toghizesmbvasiiansid regeath a
transpl antati on, outer enanel, anel oblast, anel obl ast,
subrenié papisule. Axwhopuion Fh B st cewss ivtegmsivh etwicetethic micsereliymal cells and
the 11 x' day after the transplantation. The root
epithepalrdelloconssintiag e tbdike gaanie nasiniparéd, ehamehdenvedatom the epithelial
generation and al veol ar bone was identified in the
cells 28 dertinCdntl Glenth BHAH B&veH foRfthE aRbencRAhAllcRlls whiefbidRid, and a tooth
fromthe time course observation, dentin and

was fd?ﬁ?i@&‘ habhestip Wfd' RoERAdl¥ioh @@éﬁahfel ﬁgi RAtiR rrddded ¥ GivElAYositions.

after transp antation, and a tooth-specific structure
HWGZEad started to forn1|n the tissue placenent. In
ddition, on the 7 h day, accumul ation of dentin,

and,t.he
068 B Pk Bhag AT TRl ¢ RtBR el (TP P FBRa coom
t her |nned1atel after positioning i.nside

germ g ?ﬁ%ﬁf B Bt S ioh e pRER. Wher etsbTon e

cells constltutlng a cell % ate were singly
perforied by pembigg togth gprmymesenghyanad ssiisgrith opdygerm &P’tﬂtﬁhél tissue

that the cells were strongly bonded and had changed
(Examiplet lo see Bipndglaad &brebhyeomlinisg eofhsgennmeshechymgbtisshie with tooth germ

~normal excised tooth germ This indicated that short

epithelsal lcellsr(Expnple 2, see Fig G rastpbthiipaing o npécsficede lgdadement witlt demtin inside

formation of tooth. [0064]
. and enamel outside was generated by subrenal capsule transplantation in an 11- to 14-day period.
The tooth obtained thereby demonstrated that it is possible to reconstitute the same kind of tooth
as that generated normally by culturing an entire tooth germ (Fig. 3).
[0063]

Furthermore, as shown in Fig. 4, with the present reconstitution and subrenal capsule

transplantation, outer enamel, ameloblast, ameloblast, dentin, and odontoblast were easily
idenitified on the 11™ day after the transplantation. The root portion was also the same as that

from normal generation and alveolar bone was identified in the outer circumference of the root

portion. Further, from the time course observation, dentin and odontoblast were easily identified
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Mor eover, when nmesenchymal cells derived froma GFP
nmouse were used, the cells were localized in denta
pul p cells and odontobl asts derived from nmesenchynal
cells in the inner side (Fig. 5. On the other hand,
when epithelial cells derived froma GFP nouse were
used, the cells were localized in aneloblasts in the
on th%/)\n 3*? ﬁé'.y éﬁ?g Eﬁén%ih%ahg&caﬁé}i Fi%o?/% g@&hﬁscle ?@?eg%g%ﬂ%g BHOHR WP the tissue
Ther ef or it wQbvi ous at e sa 1
placepnif PLdirion: dedS 7 R o elon o dfetFooqufibiet. and ameloblast were
ener at.i on and t hat reconstitutiﬁp @f tisige was
g }

in eviﬁ%qﬂﬁoﬁnﬁéhe tRptrEsneTatinpipetessed Higr Maget hoRali ty of
the cells during the generation. [0065] In addition,

wharhesy gapediaiely afer nsiiopBamsiflecoahiIoRol tvas phserved gnder the
subrenal capsule transplantation, a reconstituted

microsepe kthag eglim ophsttktingascetl iaggregaseiwses sgly presaukt, fand afieriassingle day of
begi nning of the culture, gradually becane | arger,

short ddnire, than e cetlowteliramly herded @ad hd d/chadgsal ihiofal segsledtvhediee tissue as
16th day after the transplantation, and the formation

in the@fised M@ tMal eRECd thth Tl thiy i@dexed HAestokt dultg@ prior tohe
ti ssue placenent (data not shown). This kind of

transpPdAiktioh Wrdifeevdi theRRsaddn h@aR culture was identified
not only when one or the other of epithelial cells and

[ooc4fesenchymal cells was used as tissue, but also when
oth were used. 33 [0066] Mreover, when tooth germ

epithelial cells and.toot e nes, hynal cel | r
O el i Sl G R P B R R v iR B s were
.denti.n _and, enanel S nfirmed, .as when, only ..one, of :
tocaligeg 3t ety EHIERTE Rt §recbiFl deifar 598 g aees Bryiaper side
. el | S use s tissue. \Wien tqoth germepithelia
(Fig, 5§e4>11 ﬁieﬁ&r%ﬁ Pfﬁ@% wa'wﬁgléﬁl%h%fmed %@m %8&% MeUBRWEre usgd, the cells
was, observed that plural teeth having directionality _
were lgppdized in asalobdasigain gherquigy siiet ngl theHeqratcert impgan veere pengreous with
reconstituted tooth germ suggesting the possibility
those effthgyealktypesi usgd (igroal Theeberk, ibyas efpavustthatglze sapwtoall irerdction was
after generation. In particular, when tooth germ
performed endiaymalorma|deserannenntl ithas recpogtititionrd dissviervais gerfarngpdlwithout
drop and then tooth germepithelial cells were
sacrifipiag el diRRetorlityast thedcells @6:5ngB@a beidratione
[0065] |
In addition, when organ culture was continued without applying subrenal capsule
transplantation, a reconstituted tooth germ which was time course cultured from the beginning of
the culture, gradually became larger, dentin and odontoblast were easily idenitified on the 16"
day after the transplantation, and the formation of a tooth-specific structure was idenitified in the
tissue placement (data not shown). This kind of construction by means of organ culture was

idenitified not only when one or the other of epithelial cells and mesenchymal cells was used as

tissue, but also when both were used.
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tooth germ nesenchymal cells, the specific structure,
where enanel and dentin are placed outside and

i nside, respectively, was nore precisely constructed
and the tooth shape forned nore easily, and it was
shown that this may be advantageous in tooth formation
(data not shown). [0067] Furthernore, when a tooth

[Ooagern1reconst|tuted by arranging epithelial cells and
mesenchymal cells according to the present i nvention

torddda h%Hl (%0% g%nb%)gkﬁeﬁa? L tat'nﬁ @oo?l{; Qgenc é;gﬁi %%ls were used

ger s ari requen serv
t h I t I
EagilgiTE fonta i ?o*?l's Pretdar ¢gihn 8‘?%9%3”35 Ei?f&?r@g&l & when only
one o %g rgaetfxéggléﬁeh@;ce}lﬁ A g%rgeﬁgfqgsgqch%ﬂg:% éig/és %sgc? as tissue. When

Conparative Exanple 2, when culture was perforned
tooth ggrihenitheliad ice iﬁeanid a0oth perg) eesenelivenab eel lrareused dhyanpbserved that
tissue alone, as shown in Fig. 8 a tooth with the
pluraldessle hivieg diractionaliteandestrutioreesera Lﬁr@wndm gerkrated frpm a single
constructed. Therefore, this suggests that tissue
recon$tawted tpotthgermpagigésting ﬂ‘terpmsrtibﬂi@ ofgenaetimpsilitlteett] bypeparatinga tooth
performng cell interaction by the nethod of the

bud afdr@esdthtidn) UEpHrii@itar, Whenftusth Befm nieBerdchRngl@sks Wére first positioned
Conparative Exanple 3, where a | ow density cel

insideRGR x%?taﬁd WRA tod#is 88m egﬁ?th&mwis'v[?ergbﬁbm&ed $b ﬁbgdo?r&g héainst the
a

wer e ready disperse n a col |l agen gel drop during

tooth SethiHERncl3REI LdIE, the gé/elalfﬁgﬁ'ﬁ& Cwibie léﬁ%rgélggil\?&t Qfre %Ia%ed outside

econstituted even transp ahtlng t ene

h :
and mglrdee,si'gs?)a Iilx% % ogg gl%re CpechE;sell ?dc’nléggﬁgc{ zhndttng {oo{ht Sg’l ypse formed more easily,
: bl der t tit t by, cel |
and it B ey iiihis B B e e ren ki o @‘%?#g ot g

Exanple 4, where a cell aggregate was fornmed at a
[0067 i gh denS|ty by mi xing tooth germepithelial cells and
tooth germ nesenchymal cells in advance in the ratio

of urthermoges Wit 2 ©atEsr reoanwitigd by ammanging epitholel rellspng .

10, hard tissue such as enanel and dentin were not
mesenclayawal ictilseatcorinigdo thegessntgnydnipn was prgan aglowreda fte foumdtionof plural

a cell aggregate-
tooth germs and/or tooth buds was frequently observed. This suggests the possibility of
generating plural teeth from a single reconstituted tooth germ by surgically separating these
plural tooth germs and/or tooth buds.
[0068]

On the other hand, in the case of Comparative Example 2, when culture was performed

with an epithelial tissue alone or an mesenchymal tissue alone, as shown in Fig. 8, a tooth with
the specific structure mentioned above could not be constructed. Therefore, this suggests that

tissue having the specific structure is reconstituted by performing cell interaction by the method

of the present invention.
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conpartmental i zing the mass of tooth germ epitheli al
cells and the mass of tooth germ nesenchymal cells,
after the respective masses are prepared separately.
[0069] (4) Confirmation of periodontal tissue Next,
It was ascertained whether or not a tooth forned
according to the present nethod had periodontal

t Fﬁﬁl‘x’& inHE Gbd &F COARSAIVE %&hﬂﬁle@s wﬂ&%%%\b%@nsb@lcewag@égate was

used to confirmthe presence of periodontal "tissue In

used Smwn%‘ F}g?r% sr@leap Py %ve%eﬂ{ea%ﬂ@g%g%ﬁ%{i %g&iaggn g&'d?&) c}ﬁlﬁmg culture

al nitng |1 recons
WL e
subrer?qil Egg{ﬁllgsghl% gﬁggg% gtﬂ%—%?@?%lgqagﬁ%g ﬁsdevgg S ?t@ﬁg{gg 51%y0asjp0551ble in

soaking the sections in a xylene/ethanol dilution

order tpgepaustitutprictogtb dyiceth interastiont r eat ed with 10 g/l of
Protease K (Nacal ai Tesque, Kyoto, Japan) in PBS (-)
f Burtlgerm thetcese of{tbnifaxadiore Wixampia 44wheip arcell aggredatie rmed at a
(Nacal ai Tesque) phosphate buffer solution for 15

high dehsitytbgsnixglodth gevhwgpithelidl oalldand@abth Sergnmisenely/niat eellsad advance
in PBS (-) for 3 mnutes and washed with PBS (-) for

in the 2atidi oTUt1eSitholb edindt@endi &idn! £ahetn ' Fiz. (10, BalN thdlle such as enamel
(Wako) for 10 mnutes and washed with PBS (-) and

and déREﬁ) @e‘éjr'l(ﬁtuﬁ)ﬂlﬁm’ qﬁﬁ%ﬁg’&@@ttﬁa)t M@ n§lortaSSB &t & @él]ya Rigafe

m nutes each. After treatnment with 1.5 % (

[
compa‘nr ﬁ%ﬁ@@%&hﬂ%;ﬁfﬁf?@f gﬁ;ﬁﬁﬁ% ?ﬁbﬁ@ﬁ%&%@fggéﬁ%@
[ nut es wer e vvashed
mesen aI V\@l‘i ﬁﬂ&\i?l}g rTﬂ‘lve misSes 48 ﬁ{eg%%& E;: ?Llrageé)( in (Genbank
[0069 cceSS|on No. NM#015784) probe was used by
| G| abel ing cDNA section obtained with PCR using
nse. primer (-7, ggctgaagatggttcctctc, SEQ NO 1)

(4) Coaﬁanaém%a?f&é‘omai #38P€ (573; gt acat t gaaggaat aacca, SEQ

NO 2). In situ hybridization was perfornmed accordi ng

o8, 1t pAvesseaseas Wheshen genot aderth formed iagsprdiag toide pesersanethod

with an anti-DI G Ap Fab fragnent (Roche) and an
had penpdyrBitesu@t yokiu hgbiidizatioons (Reuhe) belamwannsed ye penfinmghe presence

performed with an Axio Imager A. 1 (Zeiss) and Axi oCam
of peribdi @fal (Zfieds hddition to the above-mentioned observation using HE staining images.

A reconstituted tooth germ transplanted beneath a subrenal capsule was excised on the
14™ day after transplantation, embedded in paraffin by a conventional method, and cut into 10 pm
thickness sections. The paraffin was removed by soaking the sections in a xylene/ethanol dilution
series. The sections were treated with 10 pg/ml of Protease K (Nacalai Tesque, Kyoto, Japan) in
PBS (-) for 3 minutes and fixed with a 4 % paraformaldehyde (Nacalai Tesque) phosphate buffer
solution for 15 minutes. 0.1 % (v/v) Triton X-100 (Sigma) was treated in PBS (-) for 3 minutes
and washed with PBS (-) for 3 minutes. Then they were treated with 0.2 N HCI (Wako) for 10

minutes and washed with PBS (-) and DEPC (diethyl pyrocarbonate) water respectively for 5 -
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[0070] When the periodontal tissue in the
above-nenti oned Exanpl es was exam ned in detail for
the presence or absence of periodontal tissue,

al veol ar bone simlar to that in the normal tooth
germtransplantati on of Conparative Exanple 1 (see
Fig. 3) was forned around the tooth on the 14v' day

minu@f {Rh A8 teiARAPVARY @t%g‘ﬂ ][tﬁeﬁﬁﬁ(h aﬁimé—:ef\ﬁgﬁhlefeséles @ BN HCI

as shown in Figs. 0071] Furthernore s “shown

(VVakJQh dd: t(QZS ‘;J(V/vsigfc‘ ity gcﬁ]@e ygiﬁtg%s quic ongo)r]]i*?q}%tgr nfé? (lJf?lmutes the

| SsuUe veo
sectiofy iSRS Bkl 2 %ﬁé‘p@ﬁ?ﬁ 0 bﬁn%'éiﬁ%?%gﬁ'(%@ P?%Pmoal No
NM#@[??%S?&%E}S? eﬁ%fq%t £ DA S pasion ofned Bt RrJusiagsense

shown in Fig. ession of periostin mRNA, which
primef (s7eggﬁ@ﬁ@@é&gﬁﬁﬁpt6n%% g&h d) ansbantisense gamer (SAasgtacatigaaggantaacca,
identified in a region where the formation of
SEQ Ner Dobiowi diybndipdsroarves wagoinbdracedriing tdy coFestiaiahingtyod,
(the sane was identified in Exanples 1 and 3). This
colorizangh eas perfdrh@tl wathtanaihh-IYEF Ap Frle fragreeht §Rodhie) dndeamINBE/BICIP Stock
to 3 can form periodontal tissues such as alveol ar
SoltuthanRodRY ape ah0peNhal perfrhEEwRh asAxio0hiagdr A [1KZaRP) 08 AdioCam
and 5, Conparative Exanple 5] After conpleting the
Mrc5 (F$ds).i oni ng process as described above, organ culture
commonly used in culture processes was perforned
[oo7ofontinuously for 14 days to analyze tooth generation.
A conblnatlon of eplthellal tlssue and nesenchynal

Cﬁ}lhef? Hw re'rlg rPo al b s|u8 rlln %h% aé%\lf useqes > as exa%r%defn detail for
the pre?sF]ncE)?glE]éﬁegcqao pfehg%ogl rllp\F/sglg Jl%q%géﬁoﬁ%o ?,r %3@%"% norngal tooth

' tooth germ was app/ied in ratlve Ex
germ fsansrgaﬁaaﬁl@sqﬂqogﬂpafaéwg snPled (sedie 1?:), W LTERE AU %ﬁ tgoth on the
in both of Exanples 4 and 5, the size of the tooth
thg &Ragpasgatiqs in each of Examples 1 to 3, as shown in Figs. 4 to 7.

14" dag@ﬁﬁq
[0071]
Furthermore, as shown in Fig. 11, despite the combination of single cells and tissue,
alveolar bone and periodontal membrane, which were similaf to those in the normal tooth germ
transplantation of Comparative Example 1, were formed around. the obtained tooth in each of
Examples 1 to 3. Further, when the tooth of Example 2 was observed, as shown in Fig. 12,
~ expression of periostin mRNA, which is a periodontal membrane-specific gene, was identified in
a region where the formation of periodontal membrane was identified by HE staining (the same -
was tdentified in Examples 1 and 3).
This ndicates that a tooth germ prepared as in Examples 1 to 3 can form periodontal

- tissues such as alveolar bone and periodontal membrane.
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the culture period was | engthened and generation of a
tooth having a specific structure approximtely the
same as that obtained by perform ng subrenal capsule
transpl antati on was observed. Mreover, in both of
Exanples 4 and 5, the teeth obtained from organ
culture forned a set nade up of plural teeth (for
[oo72¢xanpl e, six teeth when nmesenchymal cells and
epithelial cells were used; Fig. 13, |owest row).

[Exanlsqqqg7§alnd 5[ Eé%%aﬁé%gxﬁq@eg Conpar ative Exanple 6] As

obtai ned from a
tit t oot h to f |
¢ BEEhSslhngns R orTE RS e ﬁ@%‘fyn&ﬁa@éﬁmﬁuﬁ figimonly
used i GEIBHE POCRSEIMS SRS SRR 4P 4 a8 faribieh ket generation. A

see whet her each tooth reinduced sinultaneously by

combippiionyof epiilgtipt Hgsueiandypesenhomal esls dgitve fram o tepil geig) \@as used in
tooth. [0074] (1) Analysis of sepatation of plura

Exampledt #ndgpegombinption wé e thelizlorily adomsstidhymebicelle derfiveg dromsa tooth
and tooth generation potential 37 1) Individua

germ wepeed in BangielS. dn gdditionlcrganeubiire tusiap h ngenatsoqgle pematvasthpplied in
plurally A reconstituted tooth germobtained in a

Comp8iatiVd Btaniy 5 tThelrésuliX akBhéws in¥&g. 1r gan cul tured for 2
to 5 days, and plural tooth germs were generated from

aA$ sEEin [FRE B Shitoth SSEXhRGIED 4%3 R) the {REBF th@ FEO(;ﬂh?EI’gl iflereased as

day to 5 h day of the organ culture, S|ng e too

the culdst PEHELS 12 Hén%ﬁ e%%ﬁ@i Fﬂtog gene tsgamﬁf structure

rec nstltute tOOt rmt ura

approin%g{e!} tgg L r;%:'e asschapc%b%med bg%%t&ﬁ%ag gu renal caé)sgle Eransr%ﬁgat%lon was

FerEond crodeo prepa
b dr.oppi ng 30 L of Cellnatrlx type I-A (Nitta gel atin,
obsery Egaka Japan) onto a S|I|con grease coated Petri dish
in the sa .. Each of the
Motravsreitho %ef#%aﬁ@ %5.4@@5; gbeé rbitiagd Er%t%gagé&l}?éfemed a
pl aced inside a gel drop, and set still in
set made up of plural teeth (for example, six teeth when mesenchymal cells and epithelial cells

were used; Fig. 13, lowest row).
[0073] |
[Examples 6 and 7, Comparative Example 6]

As shown in Example 5, a tooth obtained from a reconstituted tooth germ was reinduced
to form plural teeth despite the fact that the mesenchymal cells and the epithelial cells were
prepared from a single reconstituted tooth germ. Analysis was performed to see whether each
tooth reinduced simultaneously by the reconstituted tooth germ can grow into a single tooth.
[0074]

(1) Analysis of sepatation of plural tooth germs generated from reconstituted tooth germs and

tooth generation potential
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a CO2 incubator for 10 mnutes to solidify the
Cellmatrix type I-A (Nitta CGelatin). Each of the

i ndividually separated tooth gernms, along with the
surroundi ng gel, which was a support carrier, was
transferred onto the nenbrane of a cell culture insert

in a culture vessel, in which the cell culture insert
F Kl i
1)h{$@al'§&%’%ﬂ%ﬂ%&’£ E&nﬁé Eﬁo&fn g%rrf} %n%&?éaﬁl ¥ ng‘gw:a)”

L8£Px‘%80ns ﬁ]tte]%ﬂa?tﬁ gelil‘)l o lgf:(& F%gilra\g%atg;}lg £§anléi? é%ag organ Cultured
of the individua separ ated t oot
for 2 @ﬁfﬁ?g g o Rty swaqt#g%oraéw efqngiy s doft germ.
ath a subrenal capsule of an 8 week-old C57BL/ 6

Then rﬁﬁd@"ez ‘af@ tone day od thei cagam quilussepingla testh s Wegreraicaliyseparated
excised on the 14th day after the transplantation

from thie sergnsiviitted taokhesesmrthas hadi gengratecdiplonal toothsgeems wdingan injegtion needle
tissue was fixed with a 4 %

and typmeat ondm b debsoteeptropgphat e buffer solution for 6
hours, the tissue was enbedded in paraffin by a
C GaVédbs weRlprépatddas dreppida® @ OCNnsRaE oo I-AHMVitta gelatin, Osaka,
hi st ol ogi cal anal ysis, hematoxylin-eosin stalning was

JapanP&ith 51REn 8eR @hidd Ph®] AshGR MYERANR as HeERASbIe [ %%ﬁ]of the
38 3) Results The results of the histological analysis

above%elﬁﬁﬁﬁ?ﬁleﬁ&g}aﬁ 5 antda tg?cﬁ %Ems% achl 'ix%ldgt rg%[‘&l%h AIH4G8k still in

beneat a su capsu enerated for
Fj E
a COZQ§%t%ﬁto§f o éﬁgag}é"ln{ ) Cfoiu% e Fg@snfi P,‘HPW]I AK%I t%a%elalr t. F3f Bt the

1nd1v1glﬁ1l %?ar%gch{]mﬁl gaegi%tg%ng &}%hp}% glr%aﬁ%tgﬁg ngc:hé%g a sprort carrier,
Fur.t her t he obtalne teeth the presence of

was rRGRRE i g B 0L S e IR} 10y g tpegygsselyin a'hwtlﬁfée cell
m ddl e and lower rows of Fig. 14) and an openin

culturg ipgert G3iT mambryge plware pae of G miger BB FrapklinHakes, @%} B set so as

of Fig. 14) were observed. These observations
to contagtiivisa DAMEMSignmirslphinzssteddayd 096 FiISBRH3 and orap elgaed for 18 to

in the crown
24 hours.
2) Histological analysis

After culture, each of the individually separated tooth germs along with the surrounding

gel was transplanted beneath a subrenal capsule of an 8 week-old C57BL/6 mouse and the
individually separated tooth germs were excised on the 14™ day after the transplantation along
with the surrounding kidney tissue. After the tissue was fixed with a 4 %
paraformaldehyde-phosphate buffer solution for 6 hours, the tissue was embedded in paraffin by
a conventional method to make a 10 um section. For histological analysis, hematoxylin-eosin

staining was performed according to a conventional method.

[0075]
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portion as in a normally generated tooth; the tooth

has the sane configuration as that of a normally

generated tooth; and each tooth generated

simul taneously as one of a set of teeth is the sane

as a normally generated tooth in terns of cel

pl acenment and directionality. [0076] (2) Tooth
3)Re@fiR€r ation by transplantation of a reconstituted tooth

germinto an oral cavity 1) Generation of

seplg;{éf?l edtlt eeﬁ "F%?Fta&r“&ifgfost"? :S%ga?% Oﬁg‘%l Vlsd :1 X/ere
wansl OB e FPrge 6 DR G 1 S Shoihe inddg- As

to 5th day of  organ culture as described abgve

showgefi Kigeld, eqphof the taaarimnterbscaprated dogth aermsives devalepsdiinto psinele
tooth germ which was transplanted beneath a subrena

tooth ekasanigrestiagdchyesnaingle derdint dentai pulpay srowi and ames| Bnthar, iipthe obtained
were surgically separated individually using an

teeth, ithy retehoaofrreadéland dentinie dlrerrewu pdeion &see “a” on the middle and lower
stereom croscope. In the case of an individually

rows sitpigrial) ead drogiching@f the raotde khedbopontesh (peccibi o thdyid row of Fig. 14)
dropping 30 pL of Cellmatrix type I-A (Nitta gelatin,

were 6Bzakad. Japan), which was prepared at a concentration
of 2.4 ng/mM in the above-nentioned culture sol ution,

omhése oesmmﬁ%d%é%ﬁﬁ Al Ret 5donﬁyb§.,!at a8 gregéﬁa{ ihBeFwn

above. The above- nentloned I ndividual I'y separat ed

pomoh ?9 fnlha &%ml%jepat%ﬁtggtp &% tRe sa%? ﬁ%‘ .ﬁ%ﬁ’ egscﬁgt ofa
normaf et Rl éa%%ﬁé@ %%gf%e@w%egw? KR 0? g8 o teeth is the
same Gy I9PIALY HReEATeaob An SHTBE D} collpgsment dad ahtpctionalay: ' C

culture vessel, in which the <cell culture insert (PET

KM76henbrane of pore size of 0.4 micron; BD, ‘Franklin
kes, NJ) was set so as to be in contact wth DVEM
2) Towsuggnwtlcsupm@mﬁmte@rw afecopsHeRd tafthigernnintd asy qralravity
cultured for 18 to 24 hours. After the culture, the
1) Gergatioo wii didmgdwdly seymsatedtogihqithy andandiveldally tepamared ‘teeth
injection needle and tweezers, and the individually

skpstidiabig sépanitddl tgeth Fem@sSwére prppted fiogda fatbmstituted tooth germ, from
mandi bul ar i ncisor extraction hole of an 8 week-old

which Fiﬁﬁg(?h FBYASOyerd BéhetAiéd oWl X &dya0 3t Ady forExPdiMuee & described
above. Further, plural teeth generated from the reconstituted tooth germ, which was transplanted
beneath a subrenal capsule and excised after 14 days of transplantation, were surgically separated
individually using an injection needle and tweezers under a stereomicroscope.

In the case of an individually separated tooth germ, a gel drop was prepared by dropping
30 pL of Cellmatrix type I-A (Nitta gelatin, Osaka, Japan), which was prepared at a concentration

of 2.4 mg/ml in the above-mentioned culture solution, on to a silicon grease coated Petri dish as

described above. The above-mentioned individually separated tooth germ was placed inside this
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a tooth individually separated fromthe reconstituted
tooth germ whi ch had been transplanted beneath a
subrenal capsule was transplanted to a nmandi bul ar

i nci sor extraction hole of an 8 week-old C57BL/6
nmouse w t hout being enbedded in a gel after
separation; and this was designated as Exanple 7.

gel drbg%t?auu iRh d@hﬁkﬁl@ﬁm?fortl@%1Hut€§%rséﬁ&ﬁptﬁe @%nﬁamb; e910A (Nitta

and transplantation into an oral cavity 3 days before

Ty T T
carne}ggfats ltlgﬁs ? %dont({]t?ne erblrén%no%glclely flmure mﬁ? hySI e]qresse In Wthh the

i'on containing Ssodiu

et oL R oGPt ot ﬁ%ﬂ%mp&%ﬂes' ) was setso

i nci sor of the nouse, whose sense of in _had been
as to b jsapfact yith IIVENT (Sigrag) sHpplsmented By hape 15@1%(]5}94 dgyeanfaltured
i nci sor enbedded in the jaw bone was exposed. An
for 18taftovrswas extracted from the mandi bl e using
tweezers, blood was wi ped off with absorbent cotton,
aAdkebthe edl'rtlug, thasimaundisg gel wacnrgidally samkeed fvitheodnjection needle and
i ngestion, only the mandibular incisor on one side
tweezev@anexlia iadiveilaiynstpaaraditnath @t @adirdnaplaited 6o A ghandibular incisor
gi ven every day. 40 [0078] An 8 week-old C57BL/6

extrackibhBéle oIS GreblOOId T ITRY. /D@6 HscCxid thiztvRd dBdiodaA® as Example 6. Further,
above-nenti oned nethod, was anesthetized with inhal ed

a tootiin@lviwlal1f E&ﬁfatc%%rﬁﬂférwédngﬁtg%ﬂ‘%@&h s&hi wRigh Hid Of2n transpéanted

contalnlng 5 pent obar bi Sodi umwas I njecte
benea%l hLgREL! c%ﬁﬁ%s%ra% lﬁlt&(ﬂ aomgltdll%ﬁg 11101#09 egé{chan %Qle%f Qlfl 8
use, O sSe sense O

. a d| h th
ek 9%‘%’%%/%“%8“%% pP A RRER L s 06 G safaé*x a“‘[thﬁ s

. fac and the nandible was exposed by
daug@ﬁgﬁﬁﬁﬁmmﬁggskln and nuscle layer fromthe side of the
Eead in the area of the root portion of the hole |eft
[0077 y the extracted tooth. A hole with a diameter of 1 mm
in the case of an individually separated tooth germ
2) Methads of tesh extriictipn af an inpieereaand dransplanttion inthen emd eadly an

3 days before transplantation into an oral cavity, an 8 week-old C57BL/6 mouse
anesthetized with inhaled diethyl ether was injected intraperitoneally with a physiological salt
solution containing 5 mg/ml pentobarbital sodium at a ratio of 200 pl to every 20 g of body
weight. A mandible near the eruption site of a mandibular incisor of the mouse, whose sense of
pain had been numbed, was exfoliated with a scalpel and a tip of the incisor embedded in the jaw
bone was exposed. An incisor was extracted from the mandible using tweezers, blood was wiped
off with absorbent cotton, and bleeding was arrested. For the sake of food ingestion, only the

- mandibular incisor on one side was extracted and comminuted feed for breeding was given every

day.
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i ndividual ly separated tooth was nade with a scal pe

on the mandi bl e covering the area of the root portion

of the hole left by the extracted tooth, then the

i ndividually separated tooth germor the individually
separated tooth was transplanted into the area of the

root portion of the hole left by the extracted tooth

[Ooﬂthough the hole made with the scal pel. The
orientation of the individually separated teeth germ

An 8 %eﬂ«ﬂq 'éfﬁ%ggﬁé rtklﬁuas?,egiﬁ&gtt&qh hgé)lfy%%n tegtr&?edt ﬁyztgg ?l!)o%@ln?&ti method,

igne normal Ty “gener at oot h an

e oL DG R R SRR LS
pr B Sk 4 it SO T I o

. nmouse that had received the oral cavity _ _
weight. (Thg sisuss pdopoyengeel eEgwag rumbed masHixed @n pelisgeqtige table such that
_breeding every day. In addition, Conparative Exanple 6
the sidgend thts vofinern exhichsthe toothaasdtradted, winukchface wiansd themaadibdmwas

was not performed on a nouse was not transpl anted.
expos¢diRy7@ittingXhe bkis tnd ogsdalay&rfedny diesidblod tlredredd bi the atee of the root
whi ch an individually separated tooth germ and

- portioh Bflih¢ ihdledéft by SRRAIrad & 0othohbleRath Déiemefer anisPhpiRttRdcase of an
were excised on the 14 h day after the oral cavity

individifa@f §ﬂia@dﬂécﬁb?ﬂ%‘keﬂ BRd 2 fidic RAHRG WaRetdiesFRNRA WitlldbadlofanY0

formc acid for 72 hours after being fixed with a 4 %

indivi OH?E&I | @t@@ﬂﬁ%ggxghgﬁ R\H@ltaescﬁ’l#igllf cﬁlrtgiﬁg%ii)@%o(fé}[ng]tﬁe grea of the

en enbe In para conventiona

root pé‘%ﬁ% ?Pthg ﬂofgggfﬁ tégle%g%rrgcg%cfe tIP%H?%'? %ﬁ%d&?lgvaggf%éﬁ%&?% ’éooth germ or

I on - wa
the in%ﬁéaﬁ‘yra?gga%%%ﬁl Mcj?)ﬁ%&rg{) tlga?ncflglét?% gylttg] %gﬁgeltafg F}Eel{'(r)otopfortion of the hole left
hemat oxyl | n-eosi n staining was performed according to. .
by the gXRRASAP SHANEHBE ROlS MAFRSHIDENE tF8\A GBF AriEERopa e igghvidually
a C57BL/ 6 TgN (act-EG-P) OsbCl4-YOl- FML31 nopuse was
separafed deptly gprmey pdiwidyalyrgpargted o wrhsdrapgiamiedjwasaligaed with that of a
I ndi vidual |y separated tooth, it was deashed wth
normallp gghesatddionthaind glsd witthg dirdeonalitnéf empmigbdndgpefipdantal wiantprane
a 4 % parafornml dehyde- phosphate buffer solution for
seen inlife hmaodibylaenbosod @f adult mse AUE coompsadnidyer and skin were stitched up by a
" conventional method. The 8 week-old C57BL/6 mouse that had received the oral cavity
transplantation was fed with comminuted feed for breeding every day.
In addition, Comparative Example 6 was designated as an example in which

transplantation was not performed on a mouse was not transplanted.

[0079]
3) Histological Analysis
" The mandibles to which an individually separated tooth germ and individually separated

tooth had been transplanted were excised on the 14™ day after the oral cavity transplantation. The
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(Mles Inc., Naperville, IL) according to a
conventional nethod, and 10 m sections were made wth
‘Cryostat (Leica, Wetzlar, Gernmany) to be observed
under a fluorescence m croscope (Zeiss). [0080] 4)
Results Hi stological pictures on the 14th day after
the tooth extraction of a nouse in. Conparative

bone gﬁéﬁ%'sﬁedﬁvitﬂ ﬁb.?"tﬁ)ﬂgﬁﬁ?ﬁ%ml ﬁ@&&é ke e BRLq &aﬁfa%f%ede

t e_ m)u_se a e _ext rac I on _ I NCl sor, ar
B S T B L, PO RSB iR
oS SEBPLE S8 A B8 D ESARE Th R r vr o

extracted incisor are shown in Figs. 16 and 17 . .
mandfbéeés&gé th;@lp%}g arpQurg Wpiqued:atghe 43" hqug of ggashing. For the histological

non-transpl anted nouse of Conparative Exanple 6, only
analy$ipfhiempiozylénteesen $tainmgavag prerated dctyodie g wea eonvairamalkietod.

and a tooth having hard tissue was not identified in

a plhace taeh gespdadied fotne €5EBIL6 ApNhaRGRR) @bl 4-&4 04tFM131

the hole left by the extracted incisor. On the other
mous&aadysed Sorsiaidividoallyi gpard@d todth gdim st oidvaidliyaegdatsd toth, it was

where an individually separated tooth germ was

deashéd #0B PL 8104 Eshniidadik AN Bofrs afed RBIIRA WG £RATEl
outside and dentin 42 inside was generated. The

parafcgﬁgﬁﬁl%}d%ﬁ)h{)%ta{éo@ﬁgr 5?)1&19)&?&‘ id uﬁ% OmbORed iif ff0OCT comggund

I rectionall ty oot an e sanme structure
- t - | v..gener at ed .t ogt h, reover. in.the
Oilel B Mo R TR AR, B o B RRE o B frore mace

: enerati.on t subrenal ,capsul e transpl antation :
with (IS R Mkt ety Lo op S P B Ut o, A0l oscope (zeiss).
(mSOLOOth' as showmn in Fig. 17, a tooth having enanel
[ utside and dentin inside was generated at the
aforenentioned site. The generated tooth had a tooth
4)Resufth and root, bl ood vessels inside dental pulp as well
as_ periodontal menbrane and al veol ar bone around the _
t Botdlogiend gictures eruiire 141 daycafier thedsoth katractibn af a monsedh [Gpmparative
generated tooth. [0081]
Example 6, in which transplantation was not performed on the mouse after the extraction of the
incisor, are shown in Fig. 15, and histological pictures of an individually separated tooth germ
(Example 6) and an individually separated tooth (Example 7) on the 14" day after transplantation
into the hole left by an extracted incisor are shown in Figs. 16 and 17, respectively.

As shown i Fig. 15, in the non-transplanted mouse of Comparative Example 6, only
infiltrated cells and generated bone were identified and a tooth having hard tissue was not
identified in a place corresponding to the transplantation site at the hole left by the extracted
iNCISOL.

On the other hand, as shown in Fig. 16, at the aforementioned site where an individually

separated tooth germ was transplanted in Example 6, a tooth having enamel outside and dentin
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[ Exanpl e 8 and Conparative Exanple 7] (1)
Reconstitution of hair follicle In order to
denonstrate that the technol ogy devel oped in the
present invention is useful in formation of other
organs as well as contributing to generation of a
tooth germ reconstitution of a hair follicle was

insidPRiS QnBREkd. ’Mecéaen%feﬁ 16618 HaPStoBBAR] shdfr06t b 'd?rectlonahty of a tooth,

experi nment. Met hod of separatlng cells hai r
[ ker was ex0|sed
and tlie%}rnne%hﬁ%%%ggﬁ (tJ?ifaf rﬁ'i?ff}'/ gé’% tﬁS days of a

%ﬁé‘%’r\' use L%F ég%‘ﬁ} %Sg%% C%élEtA&tél gaaratecl &IJ}?er generatlon due to

Rl KENBi or e ource Cent er
subre I&'H?%E&@H& antgog Vs ﬁfapﬁ@wjd %@fa% l?gé)yrmmact%fagﬁhn 3 shown
m croscope by a conventional nethod. The hair
in Figr &7, |5ite9th heying geans ovtside aad dentiangsidehvasasnenyied ayfie Alogementioned
with a phosphate buffer solution (PBS (-))containing
site. Theigenrsatedtopth hadra thvth Hip and et ddoad wesedsrinside gantal polpas iwsH as
in which Dispase Il (Roche, Mannheim Gernany) at a
periodanteh megtbroentd alvedar whe aroRndUfhel todth,chnd dlsrsaastdadettue as et of a
PBS (-), at room tenperature for 60 mnutes, and then
normalggenshateit@eh.t i res with DVEM (Sigma, St. Louis, MJ to
whi ch 10 % of FCS (JRH Bi osci ences, Lenexa, KS) had
nglpeen added. Furthernore, DNase | 43 solution (Takara,
Shi ga, Japan) was added to nake a final concentration

the hair follicle tissue, and
[Exm@%%gﬁalrg%%% ﬂ%*%&éﬁﬁgﬂellal tissue and the hair
(1)Redﬁmhh&@ﬁg?ﬁ%?ﬁﬁﬂﬂ@al ti ssue were surgically

using a 25G injection needle (TerunD

T Jer P RER Rt thepdinoli ey fapedip ﬁ?aﬁess'b %Yeﬂtaﬂ s useful in

forma{l?lé%f%ﬁfqﬁ%\lg ggﬁevglhgsg%%g‘ﬂélé}ﬁ?osgnts{;pgﬁ §f|' "htoﬁj]ﬁ g@ﬂn reconstitution of a

Col | agenase | (Worthington, Lakewood, NJ) at a fina

hair follisle whs PerfarmRd.d¥lics praysadl asiiedels s s eperiment he PBS
-), at 37 Cfor 20 mnutes. Cells precipitated and

1) Methed of separting cellsnt r i f ugati on were further treated with

0.25 % Trypsin (Sigma) - PBS (-) at 37 Cfor 5

i haitr églliclAftismie oflastakillgrit Whisker was excised from an embryo of fetal age of
14.5 days of a C57BL/6N mouse (perchased from CLEA Japan, Inc.) or a C57BL/6-TgN
(act-EGFP) OsbC14-Y01-FM131 (RIKEN Bioresource Center) which is a Green Fluorescence
Protein (EGFP) transgenic mouse, under a microscope by a conventional method. The hair
follicle tissue of the maxillary whisker was washed with a phosphate buffer solution (PBS
(-))containing neither Ca?' nor Mg?', treated with an enzyme solution in which Dispase IT (Roche,
Mannheim, Germany) at a final concentration of 1.2 U/ml had been added to the PBS (-), at room
temperature for 60 minutes, and then washed three times with DMEM (Sigma, St. Louis, MO) to

which 10 % of FCS (JRH Biosciences, Lenexa, KS) had been adde.d. Furthermore, DNase |
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cells three tines with DVEM suppl enented by 10 % FCS,
DNase | solution at a final concentration of 70 U n
was added to the cells, and single hair follicle
epithelial cells were obtained by pipetting. On the
ot her hand, for hair follicle nmesenchymal cells, the
hair follicle nmesenchymal tissue was washed three

solutibh (Bxkadd SK1g L Bépat) Waddtided foaailRc MMl BorldBStrdtoh of PN UAhNo g perse
0.25 % Trypsin (Sigma) and 50 Um of Collagenase |

the ha\(u\%l’lfcm ﬁ@ﬁ@ Bd thé Qaip@mlclgtem%ﬁﬂeasgue(a:ﬁﬂl?ﬁé ﬁ’aﬁr 10RR 1AL chymal

Si ng e hair [icle nmesench erH s were
f
tlssuesgef:rg%tg Qalgysegﬁrﬁglhtrﬁs?%la] iSQ?%;’e}Qtéo%)lee t('i@rgrdlgeld&% efaﬁéﬂ)n 9

eneration of a reconstituted hair follicle were
repared in the sane way as in Exanple 1, except that

t he hai Ilicle epithelial cells hair faqllj
nEQ’é‘i‘?dh{?Hm?e epitaplial c % eths b fllielg ephet A s pbinesl 3 g was
0.3 L of each of the cells were applyed to a coll agen
washegethree gimep wilh FRSepaird trestqdawqevathea] eizage pelynes whishd a
reconstituted hair follicle was generated by
Collagppeset]i(Boirthenatass hakssiopd.ayh ney findsoneentrhtoweofd 60 Ukt wed diksolved in
each other. 3) Subrenal capsule transplantation 44 For
the PRShe), a7 far20neduthaiCellf plebiptited gahetrzvediby cenarifggdtion agere
in Exanple 1, the cell aggregates, together with the
furthestiét@Lith 025 96 Try@sindSigHRPOPBS ¢ bt 3 BYC forseinhted AIfee vagting the
onto a menbrane of a cell culture insert in a culture

cells tN1@8 Giftles Yl DNIBRNsuppleinidhed bl 6 94 BCS qaﬂﬁseh@.amﬁon A lal
the organ culture, these were transplanted beneath a

concerttHiof B0 %HP%L&&HEd ﬁ‘ﬂh@céﬂﬁﬁ%d%'u%lé%?%ﬁﬁl $58i Qells were

pronote ectopic hair grow alr growth was
obtam@&‘@#ﬁ F finaOn the other hand, in Conparative Exanple 7,
% e el | aggregate was prepared by nixing two

E%ﬁﬁﬁ? 03{1?1"3*8“%?%%61‘ ol Q@eﬁ l%lt Ral ol pe ﬁt‘fﬁf"ﬂl‘j&"r gesenchymal
e it b e ped WA PRAT- ')%Pg?rgﬁ% b B S grroHeAng 023 % Trypsn

brenal capsule as in Exanple
(Slgma) and 50 U/ml of Collagenase I (Worthington). 70 U/ml of DNase I (Takara) was added

[ooszg

and single hair follicle mesenchymal cells were obtained by pipetting.
[0083]
2) Method of generating reconstituted hair follicle

Next, cells used in generation of a reconstituted hair follicle were prepared in the same
way as in Example 1, except that the hair follicle epithelial cells and hair follicle mesenchymal
.. cells prepared above were useti; 0.2 to 0.3 uL of each of the cells were applyed to a collagen gel
drop to prepare respective cell aggregates; and a reconstituted hair follicle was generated by
positioﬁing both cell aggregates in close contact with each other.

3) Subrenal capsule transplantation
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[0084] 4) Hi stological analysis In the case of
subrenal capsul e transplantation, a reconstituted hair
follicle was excised along with the surroundi ng

ki dney tissue on the 14th day after the
transplantation. In organ culture, the cell aggregate
was retrieved on the 14°h day of the culture. Then,

t 881 fhb 38R tRite SR} foRRW SORLFd iN@Sel hBEMWNDIR Btk 41 ageregates,
par af or mal dehyde phosphate buffer solution for 6

- ' raff [
togetBBUREAUHOEHIRERTRs § RuppBRSRLEL Dkl RABY Gl a3RBhHorane of a col
anal ysi s henmat oxyl i n- eosj n ai nj ng .was rformnmed
culor RN B Rt WoRed LR b PosEb R o "Roa Rfik Rkl pyre
The resylts of the subrenal capsule tra tation of
these eferapsylged ‘aqnsatF A Stten awuﬁapg an 8@%%&@&%@6@ PRyt promote
to Exanple 8 are shown in Fig. 18. As shown in Fig.
ectopig dair grqvgh, and the hajrgewthrgsanalygsdat h, and outer root
sheath derived fromepithelial cells and hair papilla
c Onitke otheriband if Compantreelicmmel, cwhdls callangragatereas prapdred by
on a longitudinal section of a hair follicle (section
mixingjwe fypesofideds excgbd mitid eneotdyoss i EompeamntiteExangild 4 ekdept that hair
cell's and nmesenchymal cells which constitute the
follicle Bpithetihl c4Bs ol Hairffollicle@h@endhsmaDdells KRA Used anh @iis Whetransplanted
reconstituted hair follicle was transpl anted.

beneatiy subRLARESsule dsn BEREhPIER. A al t hough hair di ssol ved at
the tinme of tissue staining, hair which was not

[oogafonpl etely dissolved was identified. On the cross
section (section B), cell placenment of an internal
ﬁﬁh and external root sheath was identified

. - h
Bl 3B

eépithelial cells mght enclose pores. Since

il was dissolved at the tjne of tissue,stai.ni. t he .
Buhe PR of Sbiiel GPulb rerbpishiaiBn S e e i (O S SReised
h in Fig. 1 I i ch [

along %ﬁh ltlﬁess owgrg{u%l'%l l§g,1 draqy?t@;&? q{gt?le ?&gg an e\p@g&@e}p gntz?ti(o%l. iegrgan culture,
transpl antation of a rggonstituted hair follicle, a

the celhaggreggieswis reirigHedoAR 14T a3 ofcheculiyses Therw the tsseior cel aggregate
the other hand, in the case of Conparative Exanple 7,

was fixgdeyigh @ V4 pesifornal dehylle phosghate buffer solution for 6 hours, and embedded in

paraffin by a conventional method to make 10 pm sections. For histological analysis,
hematoxylin-eosin staining was performed according to a conventional method.
[0085]

5) Results

The results of the subrenal capsule transplantation of a hair follicle in the same type of
mouse according to Example 8 are shown in Fig. 18. As shown in Fig. 18, a follicle, inner root
sheath, and outer root sheath derived from epithelial cells and hair papilla cells derived from
mesenchymal cells were identified on a longitudinal section of a hair follicle (section A) since the

- cell interaction between the epithelial cells and mesenchymal cells which constitute the mitial
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mesenchymal cells were m xed beforehand and
reconstituted in a support carrier, a hair follicle
ti ssue was not identified, as shown in Fig. 20.
Therefore, according to Exanple 8, hair could be
generated fromhair follicle tissue simlarly to the
cases in-which a tooth was generated by using a tooth

hair f&ﬁ!’:lg‘vdaﬁ‘ nEPIABRE&BwHenttRe reconstiRGGlair iR le v@a%ciﬁﬁﬁlﬁﬁe& Purthermore,
the present invention, it is shown that cel

in secﬁbx”\ee[l&n% eflrocnss%% Qﬁhe ?He%‘fflgs\ﬁg %1r¥ﬂhaﬂ%?9vh%ﬂ%ag 'n‘31s&?npietely

avi hg t| sue- speC| ic ce

dissoll] PPl dn RS eshER G ﬁboglg%?cﬁ%ﬁ?w el dldn dueat oot
shea Se%?e%‘%}q%!&?ooég}e%@:%gggwge%% ﬁz&reﬁ \Aflgg“évh%nclose pores. Since

effectively be performed and by conpartnentali zi ng

hair Wﬁh@siql‘é@@éyh@élmesoféﬁﬁmétﬂmlw ithgyresidemef harcbysplyeion wes hientlﬁed
each other at high density, and not only for teeth
aNreoaey as shioeneat bige | 9.avcoreaplagt whoch wes ¢cesénn the 14™ day after the
invention, it is possible to artificially produce

subrettal expage trampkintau;ion ofla legonstitited tiefioHeld, @ hair peeaufsen a hair follicle
tissue can be reconstructed fromvarious single cells

was idehfifis@ut i npairing cell interaction. 46 Expl anation of
Letters and Nunerals [0087] 10 gel pack (support

Coh kHeSdther hénd; &l the 39G102 %ﬁr@afaﬁvé Ek&hpl6 ¢! WhérBsgithelididells and
cel | aggregate (a second cell nmss) 16 pipette tip 47

oA o L e
tissue ané Xot%énﬁﬁéd,%n Sho%vn 1m‘ﬁ rﬁ%hy mal

Therefore, according to Example 8, hair could be generated from hair follicle tissue
~ similarly to the cases in which a tooth was generated by using a tooth germ in Examples 1 to 7.
[0086]

Thus, according to the present invention; 1t is shown that cell differentiation can be
effectively induced and tissue having tissue-specific cell placement and directionality can be
generated, by preparing epithelial tissue/cells and mesenchymal tissue/cells separately so that the
interaction between the epithelial cells and the mesenchymal cells may effectively be performed
and by compartmentalizing the tissue/cells and culturing them in contact with each other at high
density, and not only fof teeth and hair.

Therefore, according to the present invention, it is possible to artificially produce tissue

constructed by cell interaction, because tissue can be reconstructed from various single cells

without impairing cell interaction.
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cells or epithelial cells, wherein at |east one of the
mesenchymal cells or the epithelial cells is derived
froma tooth germ and a second cell nass
substantially containing only the other one of the
mesenchymal cells or the epithelial cells, inside a
support carrier and in contact wth each other; and

Explaadtidn e Reers BRd Nufndtai@nd the second cel | masses inside

the support carrier. [2] The nmethod of producing a

[0087:]rg°th according to Claim1l1, wherein both the

10

12

14

16

senchymal cells and the epithelial cells are
derHveq(éron1a tooih germ [3] The nethod of producing
a todPrh BEESId*HE™ o Caim1 or 2, further conprising
a first r ration ocess of preparing the first
ceF@fﬁﬁgﬁgﬁﬁggﬁtgégﬁﬂggpreparation process of
preparing the second cell mass prior to positioning
t heelbageresatgda sagopgheadlgpesstt with each other. [4] The
met hod of producing a tooth according to any one of
Claipetéetip t o 3, conprising conducting growth inside
the support carrier in the presence of other cells of
animals. [5] The nmethod of producing a tooth according
to any one of Clainms | to 4, wherein each of the
first cell mass and the second cell mass is a cel
mass of single cells. [6] The method of producing a
tooth according to any one of Clains 1 to 5,
conprising 48 continuing the culturing until
periodontal tissue is forned. [7] A nethod of
produci ng periodontal tissue, conprising: positioning
a first cell mass substantially containing only either
one of mesenchymal cells or epithelial cells, wherein
at | east one of the nesenchynmal cells or the
epithelial cells is derived froma tooth germ and a
second cell mass substantially containing only the
ot her one of the nesenchymal cells or the epithelia
cells, inside a support carrier and in contact with
each other; culturing the first and the second cel
masses i nside the support carrier until a tooth and
peri odontal tissue contiguous to the tooth are
obt ai ned; and
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i solating the periodontal tissue obtained by the
culturing. [8] A set of teeth, obtained by
positioning a first cell mass substantially containing
only either one of nmesenchynmal cells or epithelial
cells, wherein at |east one of the nmesenchymal cells
or the epithelial cells is derived froma tooth germ
and a second cell mass supgiagpisi al |y contai ning only
the other one of the nmesenchynmal cells or the
epithelial cells, inside a support carrier and in
contact with each other; and culturing the first and
el | sses_i.nside the support carrier. [9]
(A G BREEL  (OE IEPRPTEE T o i m B wiher ol 1 bot h
t he nesench | .cells and the epi.thelial . cells_.are
de PR B ECal e Sﬂ@m*ﬂ?ﬁ%ﬂﬂ WiRg P GitBY opF BtmeseAghymal
a tissue that is constructed by an interacti on between
cells orepibrliz) palls, whegein af least gpejoldpe miseanchymal cplissor theyepithalial sefls is
_conprising: positioning a first cell mass
deriveg fingm ataqtiagenn, awht sdcpichepllonasy selistantinlhognatagiing only the other one of
mesenchymal cells or epithelial cells and a second
the mesgh¢hymakb eells wb hteapithelial gells,antidé asuppoachiyiet el intcheactonth each
of the nesenchymal cells or the epithelial cells,
other;iandi de a support carrier and in contact with each
other; and culturing the first and the second cel
NMB&HRSing bl fE ahb heeRRAIe]l GRkdes Mside[thd sdppdiiSarfiBt hod  of
producing a tissue according to Caim10, further
conprising a first preparation process of preparing
the first cell mass and a second preparation process
f [ : - I i
21 8 e BRT 1 Meink To R GGk CIUREE, Bichdf bl e mesenchyma cels
or .. {1 The .nethod _of producing a tissue according
and th? %Flgeg?%eﬁlﬁarg I@%Ti?dtfl\aﬁ}%? ey l?g?nq' east one of the
mesenchymal cells and the epithelial cells is derived
froma targeted tissue. [13] The nethod of producing a
tissue ?ccordjng to any one of Clains 10 to 12, .
[3] Th methad ot prducipg & septh pecordingtoi(daing | evd. ey comprising a first

consisting of a tooth, a hair, a kidney, a lung and a )
preparpfigpgirocess of preparing the first cell mass and a second preparation process of preparing

the second cell mass prior to positioning the cell masses in contact with each other.

[4] The method of producing a tooth according to any one of Claims 1 to 3, comprising

conducting growth inside the support carrier in the presence of other cells of animals.

[5] The method of producing a tooth according to any one of Claims 1 to 4, wherein each of the

first cell mass and the second cell mass is a cell mass of single cells.

f6] The method of producing a tooth according to any one of Claims 1 to 5, comprising
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50 SEQUENCE LI STI NG <110> Tokyo Uni versity of Science
Educati onal Foundation Adm nistrative O ganization
<120> Met hod of producing tooth, set of teeth, and
Met hod of producing tissue <130> CO FO3193-00 <140>
PCT/ JP2006/ 310805 <141> 2006-05-30 <150>

JP2005- 157885 <151> 2005- 05-30 <150> JP2006- 055569

contifilibd the 20@6m3mLperib@Bitaissde/9 Rorfiatient | n version 3.4
<210> 1 <211> 20 <212> DNA <213> Artificial <220>

<223> primer <400> 1 ggctgaagat ggttcctctc 20 <210>
2 <211> 20

[7] A method of producing periodontal tissue, comprising;

positioning a first cell mass substantially containing only either one of mesenchymal
cells or epithelial cells, wherein at least one of the mesenchymal cells or the epithelial cells is
derived from a tooth germ, and a second cell mass substantially containing only the other one of
the mesenchymal cells or the epithelial cells, inside a suppon.carrier and in contact with each
other;

culturing the first and the second cell masses inside the support carrier until a tooth and
periodontal tissue contiguous to the tooth are obtained; and

1solating the periodontal tissue obtained by the culturing.

[8] A set of teeth, obtained by

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

other; and

culturing the first and the second cell masses inside the support carrier.

[9] The set of teeth according to Claim 8, wherein both the mesenchymal cells and the epithelial

cells are derived from a tooth germ.

[10] A method of producing a tissue that is constructed by an interaction between mesenchymal
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cells and epithelial cells, the method comprising:
positioning a first cell mass substantially containing only either one of mesenchymal
cells or epithelial cells and a second cell mass substantially containing only the other one of the

mesenchymal cells or the epithelial cells, inside a support carrier and in contact with each other;

and

culturing the first and the second cell masses inside the support carrier.
[11] The method of producing a tissue according to Claim 10, further comprising a first
preparation process of preparing the first cell mass and a second preparation process of preparing

the second cell mass prior to positioning the cell masses in contact with each other.

[12] The method of producing a tissue according to Claim 10 or 11, wherein at least one of the

mesenchymal cells and the epithelial cells is derived from a targeted tissue.

[13] The method of producing a tissue according to any one of Claims 10 to 12, wherein the

tissue 1s selected from the group consisting of a tooth, a hair, a kidney, a lung and a liver.
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