DESCRI PTI ON METHOD OF PRODUCI NG TOOTH, SET OF TEETH
AND METHOD OF PRODUCI NG Tl 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 gddepTRIRKIround Art [ 0002]
The tooth is an organ, which can be | ost by dental
caries, periodontal diseases or the |like, and which
has hard tissues such as enanel in the outernost |ayer

and denti g, i ther an
odont obl agﬁﬁ#)ﬁﬁ)ff Eﬁﬁ@do@#g Fﬁolaﬁ%r sg&ﬁg%ﬁayer of
the tooth and nt al | p..d eral l
tooth | oss toégﬁDi§KH§SP#V?§%§E§H§§@§EI by dgntures
and inplants in nany cases, as this is thought to have
little threat to life. However, there is a grow ng
interest in the devel opnment of tooth regenerative
Field afglchimyemepp i n vi ew of the significant influence that
the presence or absence of teeth has on persona
[c001fppear ance and on the taste of food, and fromthe
perspective of maintaining health and a high quality
0fhd pré®nt invention relates to a method of producing a tooth, a set of teeth, and a

method of producing tissue and, specifically, to a method of producing a tooth, a set of teeth, and

a method of producing tissue using cells.

Background Art
[0002]

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 liitle 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



Teeth are functional units that are forned by

i nduction during the devel opnental process of the
fetal stage and constructed with plural cell types,
and they are thought to be the sanme as organs or

i nternal organs. Therefore, teeth are not produced by
the stemcell systemin which cell types are produced
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. vel o nt .by regenerative nedicine. Noreovery. .. il e
implae BieEaed HE & Srrer OB o Ry e esrs 57 FgepdiGaehomb g fover
., specifjcally expressed in the tooth devel opnent al
while tsgenesation of trethy by idprntitying fhe geae thah SReqIGAIN CgBerRef &n the tooth
bei ng consi dered, tooth regeneration cannot be induced
develogmqabgrgpgss g]pchgp{}”mggl,y ndBeing py:pqq]g ZQIRKIS Q@ﬁé considered, tooth
Therefore, studi es have been conducted recently with a
regenegagion cathnot be induend doowlstely sigaie britdeonfying the genspl anti ng a
reconstituted tooth germ obtained by reconstituting a
t Berdfogesindiesshavg besodaatieded wotrtilygetina canlttakfocfiOg08pth
For exanple, in Non-patent Docunent 1, it is disclosed
regenekdiidh b§ ttafGildtink ik @edonsifiied kst ggansbitaih&lbyoconstituting a tooth germ
transplanting cells, such as epithelial cells isolated
using 61984 BdipSdth @As M and nesenchymal dental follicle
cells, with a bi oabsorbable carrier into an abdom na
[ooo3jcavity of a rat. I'n Non-patent Docunent 2, it is
descri bed that co-culture by collagen gel is effective
em ' it j: P -
o &P SN s o B R 0 AR BEPE IRl issueis
met h of regenerating.a,tqgpt.h.ge it
regenciileh Tt op e SHRRFLE el LR EET B stobiggpm and
t.oot h ger el]ls are cultyred in the presence of .
mesengiRal g TR o b P RbE e RS THBPOE gty ofa rat
rowmh factors and the |like. In Patent Docunent 2, it .
i 18 Nemopstens Poepraent 24 it psedeseribed dhat gpreuldyre by cplagsn pelds effective as a
fromtooth germcells and cells which can be _
systemyfinfhacheait epathelehny/mesenchend intgrgetonyesr sabeefured eglls can be realized.
cultured along with a fibrin-containing carrier, and
i As 3 methed of idgenkrathmta taothtgeon ht 1sldasaribgd, fospapipld, o Bitenpe
is formed by using a fibrin-containing carrier having
Docunidne 1 distitoch gedaagels fay cull theedtio dielprependa of pAGhdibgically 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



In Patent Docunents 3 and 4, a nethod of formng teeth
is disclosed that includes seeding a cell mxture of
a tooth germcontaining dentin form ng nmesenchynal
cells derived fromdental pulp and epithelial cells
whi ch contribute to enanel formation, fromthe
mandi bl e of a 6 nonth-old pig, into a scaffold which
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nmet hod of tooth regeneration for treating a patien .

polyzlygali agigfreliagetic 461d @rpkgEriagd fpapladiag 1t iRl g AR %txiy- Here, it 1s
this method, a bone is formed by seedi ng mesenchynal _

descrilyed|thas aj“tpogh”guvinglayspedifie shepk & frened awsingey scafieldhiang the desired
| am nating the carrier with epithelial cells and

shape fookHeatgeth germ.wr apping it with an epithelial cell sheet.
Further, in Patent Docunent 5, a carrier is used to
cluitier, ucPateit®ebmpet b naethineneg todio regpadrativin fBoweatidpa phtient with
J. Dent. Res., 2002, Vol. 81(10), pp. 695-700

bone 18400 BaheiRtis PREUERNA codrdinReOBRehdthdd/ & boRes G dUsisedling
teeth and cells derived froma tooth germand the

mesenBR2S Béilslih ¥ pBfyelyREIS AP mestREIEAShA e SarVR i) ME carrier with
Jour nal of Fhe apanese Society for Regenerative
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2004/ 0219489 Patent Document $ . International ,
PN PHEHt AT umeRYy 2. mB?geze@émmgwemﬁ% teséhand Gstls deqiyed froma

I nvention Problens to be solved by the Invention
tooth Jegp@ag the possibility of the same,” Regenerative Medicine, Joumal of the Japanese

Society for Regenerative Medicine, 2005, Vol. 4(1), pp. 79-83
Patent Document 1: Japanese Patent Applicatiu;'m Laid-open No. 2004-331557
Patent Document 2: Japanese Patent Application Laid-open No. 2004-357567
Patent Document 3: US Patent Application Publication No. 2002/0119180
Patent Document 4: US Patent Application Publication No. 2004/0219489

Patent Document 5: International Publication (WO) No. 2005/014070

Disclosure of the Invention
Problems to be solved by the Invention

[0005]



However, in order to function as a tissue, it is
essential that plural types of cells constituting a
tissue are placed in an appropriate relative position
(cell placenent) and have directionality as a tissue.
Ti ssue, for exanple, a tooth, is an internal organ" or
"organ” produced by an interaction between epithelial
g.%\!véveﬂ %ﬁ bPﬂgfjtoff[liqmo a9 (Pigﬁ.\e,gl? fs@s%ﬂalﬂ?ﬁ%@ﬁgy oFehilsS
erived fromcranial neural” crest cells duri
di.fferentiation-devel opnental, processes. Jt. 1S
consttfse iR o RRBH A R e el B A RRarellarefreng agd have
. tooth germas.it i.s; however, teeth.having the . "
directigaliy 35 HUSSBT. TISHNe S AP it ISP STFPTBHETER P oprepf eproduced
functional unit that is_a togth cannot be regenerated
by an igferaptipy betsvsermenithglial salicdarivad fing a tgethigegrand mesqnghymal cells
~constituted by plural types of cells. HOOOG] _
derived\fromoushalaietiaberestgeindurmgrdeifereritatioedeelonmendpl pedcesses. It is
cellular factors and the |like in the above-nentioned
possiblegq prudgoesymihieeth by giahspdagmigla tpdth gemmesst it nblowever, teeth having the
directionality sufficient to express the functions of

specifia ctld plabement endibt diregnslitfio€ the functionalkumittiha is a iobthhasnot be
been difficult to reconstruct tissue having the

regencPREFOANY By G8lakinP bRt &IRAKg fdoMPhtmeITs 86HsatuitddhyaIskal types of cells.
culturing plural cells which constitute the tissue. '

Fm0ﬂ[0007] Therefore, an object of the present
invention is to provide a nmethod of producing a tooth
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Further, it has been difficult to reconstruct tissue having the specific cell placement
simply by isolating and culturing plural cells which constitute the tissue.
[0007]

Therefore, an object of the present 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 object 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



A nmet hod of producing a tooth of the present invention
i ncl udes positioning a first cell mass substantially
containing only either one of nesenchynmal cells or
epithelial cells wherein at | east one of the
mesenchymal cells or epithelial cells is derived from
a tooth germ and a second cell mass substantially

mass sG0Mda %@?ﬂtﬁfﬂn e?lpﬁ&lﬁkh&[e AReesOfchl Mg B @f‘@ﬂ"%@ﬁil cBIR! Wierein at

or epit inside a support carrier and in

least oﬁ % fis tinese C}gﬁ@ cellso&h Ethei?aﬁ] gelﬁqgaéﬂ\}eﬁ @ro}maetooﬂlr %&maﬂ% a second

SGCOI’] SSG e support carr
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cell mis? sﬁ%&ﬁ#&gw&mﬁ"ﬂ% 81%"9*@%@??{2@%@'@@%@“ PSR G of FLBtal cels
cel|l mass b tantial |
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one of the nesenchymal cells or epithelial cells is
masseg|@pido 8t SHPRATt @AYot h germ and a second cell mass

substantially containing only the other one of the
[0009hesenchymal cells or epithelial cells, inside a

support carrier and in contact with each other,

cAiintetivddrof ptduacihi petiodonth! tibkae s€the ptese thvantiss esludespatéioning a

the support carrier until a tooth and peri odontal
first cdll B84 QuissRitib I BaihiAg LA dithet dhedf thepdichymgldellamttpithelial cells

i solating the periodontal tissue obtained by the

wherefntd 1dd5tne b@@ﬂa%esenchymafceﬂ@%r &ithbRALBIOE dbMRdIF & 8 Rdoth germ, and
i nvention i s obtained by p03|t|on|ng a first cell mass

a second' it Iﬁﬂsts ﬁgl:)slta)ﬁtlﬁﬁg&ﬁhﬂhlﬂ?t ﬁ@l Fﬂh&h(ﬁe P8R Rsenchymal cells or

mesenc or ep erel n at | east

eplthegzﬂ cel?s 1 s a sugp? Qa%rgglanﬁ ?A cl:osh 3:5-: with 'e}i&e 1,1%?&111% tﬂesﬁrst and the

a secon ce‘f

secontﬁ&e?éh%%ﬁ@s}:h%@g fggﬁp?}'tnclgn Hg{llya I(?t% é’ll(l’)l%l heerrltla r?gn%l 8ssue contiguous to the
ort carr| d in ¢ontact ch, ot her, and
tooth g @Biphgnd 1o Teig dhe Bfﬁagfmﬁ@ “é%‘t?&#&?lftf‘g Y Qe nsi de
the support carrier. [0011] In both of the
[0010hhove- nenti oned nmethods or the set of teeth, it is
preferable that each of the above-nentioned first cel
nAset o ttisefdhapresastt inveriian is gbidiaed beposiignnga fioeell mass
germ
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, 1t 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



Mor eover, each of the above-nentioned first cell mass

and second cell nass may be a nass of single cells.

[ 0012] Further, a method of producing tissue of

the present invention is a nmethod of producing tissue

constructed by interaction between nmesenchymal cells

and epithelial cells, the nethod including positioning
mass R shbletkrigel | mass substantially containing only either

one of mesenchymal cells or epithelial cells and a
Kmizﬁecond cell mass substantially containing only the

ot her one of the nesenchynmal cells or epithelial

cell i nsi.d ) ort. carrj.er and.in contact wth :
Tk, hBRIG B RPRRE e PS80t thfkatPR L el Seproducing
: cel] masses inside the support carrier. [O 1?%

tissue QRS TS ROPIETIHERR PEMEER RETHOR o1 Cﬁlﬁwﬁaph@eqia dfefhe method

) is preferable that at | east one of the above-nentioned

includigg peritieningp fies celsmassubpantialy cantaipme) oply ethgppneof mesenchymal
derived froma targeted tissue. Moreover, the

cells on¢mthelistwally adadeeinsdagl niass pibatansalbrdoptaghiigy oy thegpther one of the
selected fromthe group consisting of a tooth, a hair,

mesenchyknadi nells,or apithehigl elisl issidd ae1pppM0drdipr and in contact with each other, and

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

[0013]

In the above-mentioned method of producing tissue, it is preferable that at least one of the
above-mentioned mesenchymal cells and epithelial cells is cells derived from a targeted tissue.

Moreover, the above-mentioned tissue is characterized by being selected from the group
consisting of a tooth, a hair, a kidney, a lung and a liver.

[0014]

In the present invention, since cell masses substantially containing only 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
mesenchymal 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 is derived from a tooth germ.



In the present invention, since cell masses
substantially containing only nmesenchymal cells or
epithelial cells are positioned inside a support
carrier in contact wwth each other and cul tured, each
cell mass grows inside the support carrier wthout
being mxed with the cells which constitute the other
cell mass, while the state of contact between the
masses i s maintained. This nmakes it possible to
Y reproduce the excellent interaction
Eﬂhﬁ@%&ﬁéﬁ%“?1émnesenchynal cells and the epithelial cells
required in formati on of the tissue. As a
result, a tissue having the specific cell placenent
for the targeted tissue can _be prepared. Myeover, a .
Aoy tofhSaressy i grian hEFeg 02950&@@#& a doth pgving & specific cel
pl acenent, in which there is enanmel outside and dentin
placement pget of gepth preryrd puthesmethadh and ameiiad ofpeodycingppgriodontal tissue
mesenchymal cells and the epithelial cells is derived
can beforonded. t ooth germ Effect(s) of the Invention [0015]
According to the present invention, a nmethod of
fruthennorg, aacdrdmigho the\presgntanegnéeon,fai methed of ppbdwerpeofitissie having
set of teeth prepared by this nethod, and a nethod of
cell pliveehiGipadfipay the dssat ahn bd sudedan be provi ded.
Furthernore, according to the present invention, a
met hod of producing of tissue having cell placenent
specific to the tissue can be provided. Brief

Brief ﬂ;)ﬁpa!nm (Lf%}a@fngpr aw ngs [ 0016]

[0016]

[0015]

{Fig. 1] Figure 1 is a schematic diagram showing formation of the tooth germ.

fFig. 2] (A) to (D) are schematic views conceptually showing a procedure for reconstruction of
a tooth germ using mesenchymal cells and epithelial cells which are derived from a tooth germ,
according to the Examples of the present invention.

[Fig. 3] Figure 3 shows phase contrast images and staining images of normal tooth 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 recoﬁstituted 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. 1] Figure 1 is a schematic di agram show ng
formation of the tooth germ [Fig. 2] (A to (D are
schematic views conceptual |y showing a procedure for
reconstruction of a tooth germ using nesenchymal cells
and epithelial cells which are derived froma tooth
germ according to the Exanples of the present
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the present invention [Fig. 5] Figure 5 shows phase
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reconstituted tooth germ _according to, Exanp

and mesgachymak asspes depiyed ffem.a toothgegn and cf%?@avceﬁg;ur%wﬁ b‘ha@?a of
contrast inages of a tooth germreconstituted by

individys} subednabgdapeude fransglantaiien of saghohtheabo e tsnen anserding to
mesenchymal cells derived froma tooth germand a

Compsrtiveixagpledigithe preséng idvéhtorday of the tooth produced
by subrenal capsule transplantation of the

[Figr efRigsieiotshb@s phase tbntger imagaceiar |divrigndity tboth gpine regondtituted by

the present invention

using epithelial tissues derived from a tooth germ and mesenchymal cells denived 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 tooth germ according to Comparative

Example 4 of the present invention.



[Fig. 8 Figure 8 shows phase contrast inmages of
epithelial tissues derived froma tooth germ and
nmesenchymal tissues derived froma tooth germ and
chromatic figures of the 14th day of individua
subrenal capsule transplantati on of each of the above
ti ssues, according to Conparative Exanple 2 of the

[Figd! EPI8Rlire 11N VBRLS émnmg ihiged of fle alleBlat sm% 0 PeRodInBs Sembrane
contrast inmages of | ow density tooth germ
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IFigeFApwed d shovs aoppe Bnees, 033 o petiostp IER s
hows phase_ contrast imges_of tooth %
Penodpe@gwgmb{au% whichys 3 perprientat %ﬁtﬂ%@r@sﬁl Pll?é’l“? the ?qt% gipdyced from the
derived froma tooth germand nmesenchymal cells
reconsgigted iegthfgepnaecordiog tp l¢ % ofthgipresenisneptiamd 7widevalier the
conmpartnental i zati on, and stalnlng i mges of the 20th
transpHatatiof) and Kiospatative Bsuhple tL (A4S gdyaafteathedransyflartiton).ow
density reconstituted tooth germaccording to
[FigCoBpaicil 8 shdxapipkecehtaft imhgespnhd saiiing imeged ofahe tooth produced by
[Fig. 11] Figure 11 shows staining i mages of the
organ ShMEObRExtBQING: BB dulpet bRAER AL frephing i Mbbhdddaooth gen’n

peri odontal tissues forned around the tooth produce

accorcflﬁé,)f@ Exlﬂf’hp[eg qQHg tSIOtf H{e%i{esreﬁﬂhberﬂi%ﬁ ThPEERPpaa R E)Qample 5.
Exanpl es to 3 of the present invention. [F 12]
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after the transpl antati on) 13] Figure 13
reconsg topHESHL.ASRTF g Frages %ﬁblesnr%ﬁem lﬁﬁer}twages of the
tooth produced by organ culture by extending the
[Fige 451y és pyteiamgdmage @f? a INClFRsp Ak motse pa thenidl deyiplier tooth
tooth germ according to Exanples 4 and 5 of the
extracperesfhe piesane mvientronaand (Bprparcalaised visvaofthea®a enclpsed py the frame
14] Figure 14 shows phase contrast inmages of a tooth
of (A)gecondireao istriphtatiee Ebym@piot hel i al cells derived froma
tooth germ and nesenchynmal cells derived froma tooth
[Figd €6 Figind 16 5Rd v NgninBRgeses of tHeha™ 44y bfrelapanfladthnta¥ah h
produced by subrenal capsule transplantation of the
individuRA9 B&TatdidH B86thteeRh thtd ﬂ‘ferﬁral%ﬁﬁ%f Q(':d&ﬂhﬁ%’to@(ﬁmﬂl@6 6 @E present
the present invention. [F 15 A) is a staining
inventigy@ge of a non-transpl ant m)use on the 14th day after
tooth extraction of the present invention and (B) is
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CCOT
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 epithehal

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



[Fig. 16] Figure 16 shows staining images of the 14th
day after transplantation of an individually separated
tooth germinto the oral cavity, according to Exanple
6 of the present invention [Fig. 17] Figure 17 shows
staining images of the | e day after transplantation of
an individually separated tooth into the oral cavity,

stamm%%h@'é_&' dtehd fh“‘@éﬁ BPHR hhirPhoduled B &58h1 dap¥ae ﬁh&B lan{aﬁbﬂ of the
i gur e 18 s ows phase cont rast |nages of a hair
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produq?ea ?/Ilf‘!,lﬁlprg}larl gglis &Fafq%gl%xggt@%; grergglg?lpu?%ﬁllglaﬁr 8@1@|1,ﬁaﬁ'om epithelial cells
i nventi on, [Fig. 19] Flgure 19 shows stereqscopi.c
deriveffiopoaninigi %tasg‘é%ar@fm%ﬁ%chym epdly dgrivadeom Bair Rl figaue according
produced by subrenal capsule transplantation of the
to Exampdeoh et the present frventidol | icle from epithelial cells
derived fromhair follicle tissue and nesenchynal
[Fige 20) Bgwre 2D skavd plase traitnastiimbgdsaif @ htir $dlide acooostditad by epithelial
Exanpl e 8 of the present invention. [Fig. 201 Figure

cells d2fivealtesss hph fdkcle 65sne asd mesaagiesnadelds degived frodnlbaglfellicle tissue
reconstituted by epithelial cells derived fromhair

accorditl 1ol Cnghatdtis s BRadpE 7O SIRI\STEIEBINVERIch Snd e:rainvlﬁgchnfagéanf the 14" day
hair follicle tissue according to Conparative Exanpl e

of the KaIPFolﬁdfl@plBgﬁ sh&%&?%}?xﬂl&%sﬁl&@h{w& ﬂlé‘ﬁggxﬁgﬁg?& {4 follicle.

h day of the hair I cl e produced by subr
capsul e transpl antation of the reconstituted hair
follicle. Best Mode for Carrying Qut the Invention

Best Mode for Carrying Out the Invention
[0017]

A method of producing a tooth of the present invention imcludes: positioning a first cell
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 mesenchymal 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 producing 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
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[0017] A nmet hod of producing a tooth of the
present invention includes: positioning a first cel
mass substantially containing only either one of
mesenchymal cells or epithelial cells in which at

| east one of the mesenchymal cells or epithelial cells
is derived froma tooth germand a second cell mass

betwesh RS Eé’}ﬁtchﬁl)é Yt %90&1?:!3%&%e9rau¥ t(f fie S Eé'}ﬁfcldgg eorﬁcflctttlne?ebetween and

mesenc epi thelia I nsid
| {
a toothShLéIQrRm ceﬁ eﬁént%@?91ﬁpt0§8%ﬁﬁ I\Jwrhlwr%l gtHerE (h;‘élﬁ{l/ Q%E%gn fi grrl]aenael
tsd é ﬂ cond cell masses inside the
outst %B@% He WF ned support carrier (culture process).
[ 0018] In the present nethod of producing a
KMI%tooth since the nmesenchymal cells and epithelial
cells, at |east one of the mesenchymal cells or
dpitheereseaf inyentios, the teig. depihy sefers tontissue baying gdeniin layes inside
grown as cell nmasses in a support carrier while in
and ancoameldayenpotiside gohtiguohdy, and peeférably ta tissun hating theenlaydred
cells can be effectively perfornmed due to the state of
structucdsaaed also ntdaetticnhbiydhenge envanghdaoto Dhéselsbilled ¢n the eglchn easily
pl acenent specific to teeth, in which there is dentin
identifl; dshtdeandrdagdan®bhelbdisilbeby isaie O8inHeadd @Rdike[ VB1df-er, enamel can
In the present invention, the term "tooth" refers to

be ldelﬁxﬂeu%wee ﬁl@é@n@@o@ncaer&dmask A€ hel P&l G aBRIGBNATEN be
| ayer “outside contiguously, and preferably to a tissue

conﬁnﬁ@&’ f)}n&e% e o@ zﬁgﬁgerﬁﬁ I gﬁ{iﬁoa&ﬁﬁ ¢@n be ide tlﬁ' efdeiaz the

I recti avi crown an Those s
presence Oftaﬁl cld%m?obﬁ?&nanetﬁtﬁ' P%sesnggng%rg %’c}]o%ﬁo%tlésp da%rl% C%Fﬁgl?éd by the presence

ogi ca
can.be jdenti f resence of
of dentP i ERERNsin TR Presrtiorot dploeEh and fipemtialfhip @it BE Eofrmed
e cop firmed by the pre ence of anel oge .
easily By @€ ﬂ‘&ﬁ&’“ i1h theARt: R exefante; 1Sy %%VIQ%IOBraé’éigﬁ‘éyesm‘“mg or
of an odont obl ast, and the presence of an odont obl ast
thelikgan be confirnmed by the presence of dentin
si al oprotein. The presence of anel ogenin and dentin
Suathep st diteniianahitist adonh ermbRiideaieiadbytye plaggarant R ostavm and
method in the art; for exanple, in situ hybridization,
root. The tiolwmomd soatican bgcanfirmbébised en the visually observed shape and tissue

staining.
[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 stamning 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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Further, the directionality of a tooth can be
identified by the placenent of a crown and root. The
crown and root can be confirmed based on the visually
observed shape and tissue staining. [0020] In
addition, in the present invention, the term
"periodontal tissue" refers to an alveol ar bone and a
moz”periodontal menbrane formed mainly in the outer |ayer
of a tooth. Alveolar bone and periodontal membrane can

ﬂ? asriesle¥x mverﬂr(])%lsts u'éecl:"r%lts laéfoo‘d%i gnt H In dtq%ﬁul?ig%?e k 're!sLISQS used to

nin

refer sp%@icéﬁ%tﬂ/ ool dresh B 8’51@3@&51'8@1%5{?5@1? figi other tissue

mesenchymal tissue and "epithelial cells" refer
based grpthe de ?Rf%fé’éalﬁ%%i@ﬁ{l?‘fﬁ’elﬁﬁeéﬂn thiscage " toofipgery’ refers 16 2
the present invention, the terns, "tooth %grnf and

early-stage sribrisefa taeth, whigh ssissianed tobeagmed toethan thefaiore, padiio tissue
to the tooth germand tooth bud which are

from tloH latdi stegaits thalbel stagom the typicat desslopnisambstage of heooth and, specifically,
devel opnental stage described later. In this case,

to tissuetad ohivhgeraccuratleticn dfaleatin &ak dngmel @ gdenafiéd, wehidf ara the features of
tooth, which is destined to becone a tooth in the

tooth ak dthdfdBiss@dI A “6bth beBuefels WM tshi iAusnS R gR taRsitibe obBk ktages of the
stage in the typical devel opnental stages of a tooth

“tooth %@1% REEG the pREN inveRtidd, 88U @ﬁsswb&aeapm@%gwh@fb N
dentin and enanel is identified, which are the

accumﬁﬁ?&ﬂj&e nﬁfn %@%a%e?%}ﬁcf‘mﬁé ‘Ehe ﬂfﬁﬁ%@ of tﬁelilﬁfalq sguéodfqooth, is started,

ers I SSue I n terns e transition of

and the st%%etf’ef(%fﬁ tﬁ qﬁ%{h{ggl‘ontlHQ% : S Ir u D tﬁs eudm Itonm%.lﬁt?esp {hg Syj)n%% functl?rhs of the
; thaccurmlatlon of dentin and enanel, which are the
00W. f eat ures of the hard tissue of tooth is started, and

the stage before the tooth germ nates fromthe gumto
[002Z]ani f est the typical functions of the tooth. [0022]

A tooth germ, as shown in Fig. 1, develops through each stage of a bud stage, a cap stage,
an early bell stage and a late bell stage in the ontogenic process. In the bud stage, 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
internally (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 homogeneity in the differentiation stages of the cells, 1t is preferable

12



A tooth germ as shown in Fig. 1, develops through
each stage of a bud stage, a cap stage, an early bel
stage and a late bell stage in the ontogenic process.
In the bud stage, epithelial cells invaginate to wap
around mesenchymal cells (see (A) and (B) of Fig. 1),
and the epithelial cell portion becones the outer
I ion begins to form
that th e%tg?{nth?ﬁ‘tg‘%‘%ﬁ‘ﬁyﬂfé(ﬂshgg%;m glﬁﬁh? %)Qé%jf Fig. 1) as it
mozﬂnnves to the early bell stage and | ate bell stage.
Therefore, a tooth germis fornmed by the interaction

S SEMRE e BE RRFTSATBb S8} gkt
14 SN TN R L A P

where a tooth germis formed or can be fornmed

“substirtiatp contining, meppathgt angthang etherithandbe preet gelisiprg@icidpd to the
and fromthe viewdoint of the level of immturity and

greatestipessitderogenebinge ¢ach cHlbmdssihey bma tissne oselfsarages thgreafher a mass of
cells, it is preferable that they are in the stages

single telbprithee otal thé adlenisses thay tapcdt mass cofdBBE] by single cells or both of
Moreover, the term "cell mass" refers to a state in

the celMiiassas BaY bé céll RagkosaisitupdbyathaddckiBEN Weein drderttb effectively
condition of tissue or the condition of single cells.

achievk Thed@ehinkir@tion P BssuB b8Bordifs! RStha Presd@it invef@H, AiipRrable that both
means that anything other than the target cells are

cellm%%éf@@&s{i&tetd S fatest possible extent. Since each
ce

nmass nmay be tissue itself or a part thereof, or

AP P A A PSR b S o
o P 5h DAY B8 ST Y B nt

t he reconsfruction of tissue, according to t sent.s
the tygen parpesod 146 gtihepngpel SETE: bhgt mpvereufibe il B G D cels per
constituted by single gells. Either a first cel
cell mapggsandgyrefgrably 1¢dp 1 Ongalls prbgellgBasepi t hel i al cell's or
mesenchymal cells and the nunber of cells constituting
[0024} he cell mass may vary dependi ng on ani mal speci es,
and on the type, hardness and size of the support
clurthé positidnirtg procespy fystvel atadsyansin fecon dellimase akQ®sitioh¢dsinside a
per cell nmass, and preferably from 103 to 108 cells
suppof @hirrieeinl conasiswitll €42R 4her. In the positioning
process, a first cell mass and a second cell nmss are
pﬁ&iﬁé bf&ﬂﬁﬂnﬂ J1b&8s 8f b pRAUEIGAREWE&T of the fRE$M Givedfidi) since the
each ot her.

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 cefl mass do not mix with the
cells constituting the other cell mass. Thus, in the positioning process, each cell mass is
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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In the positioning process of the production nethod of
the present invention, since the above-nentioned first
and second cell nasses are positioned inside a support
carrier which can maintain the state of contact of the
cells, cells constituting each cell mass do not m X
wth the cells constituting the other cell mass. Thus,
m02ﬂin the positioning process, each cell mass is

positioned without being m xed with the other, and a

gﬁgﬂg Uk H{si ?egﬁ?%% a];18 L ggc%ng %EIY\@E% a&@ regﬁjeh irglgﬁéagﬁdent

S an pOSI ( ( rrP e 'S SUl X re_ss. .
e GBS S S35 PSR SR G o

econd cell mass are prepared in independent 1

each og?eéblaa%tmaarbepw wlly consiipty YelPFseaae%&F Selfs epithslipkeells.
and second cel| preparation propessz so that each of .
it leastgigleer wng ofyaesenehyimah e¢lls ar gpithalialk Gells pied ip fhe present production
mesenchymal cells or epithelial cells. At | east

methoé intaly de derresddfonme swertic bgrmain ogderite reprodaps #7hiéto eell plaskeingnt to form a
used in the present production nethod may be derived

tooth Havimaspeafit fingerennddicrctienal ity hospradneeddrmo ensue toathlproduction,
pl acenent to forma tooth having a specific structure

most [Ré1erabiy el dfaRdhietench MRV andithe &itielial lcolleis dérevel ddinba tooth
production, nost preferably both of the nesenchynal

germ. C€l I's and the epithelial cells are derived froma
tooth germ [0026] Exanpl es of nmesenchymal cells

Km26ﬁerived fromother than a tooth germinclude cells
derived from ot her mesenchynal tissues in vivo;

f bl b cel.d.s i ngludi
c )?qmgle%oorf%‘l S%‘%ﬁ%% nc%e?l?é’?rg\?%d %m} g@eﬁ%ﬂ@to‘&g} %rnglgﬁcill?de cells

_ “nmore pr
s RO WS AL o 05 R B o

derived fromcrani al neural ¢rest cells; d,. . .
blood pillseFraRgARIITLHER SES. Bt Brelsrphly mesehBRLLs &b fgral cavity
above-nenti oned nesenchymal cells, stemcells thereaof,
and bogg gnaryew qelli nside the jawhope, aed ,meéggg:hﬁp@lscegq; deémefl e ¢pnial neural

cells derived fromtissues other than a tooth germ
crest celie hudimessakchygnal erdovesdr ¢ellsnwvhich ean gepprebethe apoveimentiesed n
vivo; preferably, epithelial cells of skin, mucous
mesenoieyninl aokds, stemgelis therebhendttellikeavi ty; and nore
preferably, immture epithelial precursor cells which
CRuttHeE, edaasledlof dpathelil celtsedrieq] frbraltisales okt han & evoth germ include
exanpl e, keratinized or parakeratinized epithelial

cells deBldaStr&h oftfefilfleRaiaRELeSHEAUS, PREFBIRbBGithbdl cetedTRk®, mucous
non-keratini zed epithelial cells and stemcells

memb}dAE B?Q&m i ot %axlri{)l‘ &nd Ing%%yr]:ferably, 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
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The tooth germ and other tissues may be coll ected from
the jaw bone of various animals such as prinate
manmal s such as humans and nonkeys; ungul ates such as
pi gs, cows and horses; rodent small mammal s such as
mce, rats, and rabbits. In the collection of the
tooth germand tissue, conditions generally used in

such agnﬁlgm?@ ol fi5hd19 §hcﬁ S hheéﬁkeanmor&@ysagﬂédleﬁgs Weh BOMbs, cows and

cation, tooth germand tissue nay be

horseser)é)tderﬁ%}ngﬂ nﬁl uch% ‘ﬁ'ﬁ&d i‘aft g{i'& ra%ggﬁz %glléo%oﬁ‘%f fhe tooth germ

'€ preserva Ive so exanp
man t oot nc et al to th germ
and tisg F%di %ge%ﬂmlﬁfdgﬁ%}%fﬁw e ettty S e Sy B
but it erable to use the too erm of,.a W
modlﬁ%marﬁ%ﬁ?qoabg%wa bistusamaysd et%ga?}sf@m&? "A%%'&&w&aéng stored in an
ti ssues. [0028] The preparation of nesenchyna
appropgiate presgrvglispialyian; Byrthes| examples af a iwpastopdenn dslyde; asfetal tooth
started by separating a tooth germ which has been

germ ais sefllais ek third moldnersarceldedraisdeom toosls bt it ispreferablegiotule the tooth
germ nesenchymal tissue and a tooth germ epithelial

germ dfias@sdpnamodr flim thet sartdheint efShecid ofaupeapas tisdnes.eof The
tooth germtissues can be easily separated by cutting

[0028]or tearing using dissecting scissors, tweezers or the
Ilke since it is possible to |dent|fy the tooth germ

U RS ESaration WE s @lchymMNERE ardl dPithEIRS CERSFronT Sidhhabothtdlen is
separation of tooth germ nesenchymal tissue and tooth

started(-zbgrr g}:eﬁ@ﬁd{é}ﬂ Effﬁl oelrh SoiEh hisPeh DB 12t dn BRI sTHE@iI R tissue, into a

y cuttlng or tearing using injection

tooth %?rggneag'ﬂchyt%lnIQf e anﬁeae(gé)tﬁsg\t; \éﬁl%?ﬁlst E&e Jc@q?rdlnglﬁg the respective

ccor e respec apes
€ enz ed to epar.at e
shapes B e Zﬁ? ereitry Wlt?ﬁ%?{rh i Sand el Wi s
sep arate an epithelj tissue an tissue
dﬂsec‘f“%&ﬁﬂ%”ﬁd&???e&e?rﬁ]i‘? ﬂges gace ’Eﬂéd??ﬁ?‘g@ oo t@%‘fywe%ﬂﬂagﬁaws
in such appllcatlons i ncl ude dlspase col | agenase,
stmc@g}bfﬁqdemlcg%@opq Kart e[rgbg gfparation o Wmen%magtlssue and
and epithelial cells may be prepared in a single cel
tooth germepitfeliohtissuaientbhipathi cerm ssnbe easdy denedpi quifelg qgitearing using

tissue, respectively In the preparation process,
injectiemngeadies, tungsten needles, tweezers or the like, according to the respective shapes

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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may be used to make the cells easily dispersible as
single cells. Exanples of such enzynes include

di spase, coll agenase, tryps n and the like. In this
case, for separation of the epithelial cells fromthe
epithelial tissue, it is preferable to performtrypsin
treatnment and DNase treatnent after coll agenase

may bd gs%a&meke ﬁgéel?ﬁ%mw éﬁ%er!i@l@q%s&gﬂé ckie E§§rﬁ e@bf Qh efzymes

€ nesenc s Trom e mesenchymal tissue, it

1ncludt=f- élsgasgfc%!lg en nég}qg)s%‘[ ; %Irtgéa ﬁg% @?ﬁﬁ%ﬁg £&¢ s%? rgi?(&t %/fqg%eplthelial cells

Si mu and ul't

from R IR PR St P PR 1 pe Rt i ot En DRSS wsptment after

i n the amoupnt of r.ed ceIIs resyltin om.c
collagea]gm@am%ng% 59" BPCRR, HETBHELRR PG cack PRl eEfrom the

when the cell nenbrane is lysed, after sone of the
mesenehsimad tissue, itiispaefei@blsyo peréorariaiagenasezraiaent and oD ireatment

In addi tion, the nesenchymal cells and epithelial
simultgrebhigdy muyulbmatehdsepev&nm PNasa/wedsment. buthiseatecthetlNase treatment is

prelimnary culture prior to the positioning process
performed ov atder tb prevhitai dec@aseuf thecinenint of reangedralibesulohg fremlvell

kind of the cells. In the culture of nmesenchymal cells
aggregafiéh eRkdd1gl DN relehded intb iR sakitiah when et detl MSemigaahs BSed, after

tenperature, used in the culture of animal cells can
some d}%@mk h%amaém thBRRyinlCipdatiRéhts. As a medi um

used in the culture, a nediumgenerally used for
m03man|nal cell culture, such as Dul becco's Mdified Eagle

Medi (DNEND can be used. Serum may be added to

A O el B e

) K
sl w@nﬁ%@fug%p% AR i s
e T B S AT S Ry o

it can usually be 10% For cell culture, the culture
the usuab peNditianRSUgR Aete AP tULR wsed i taq gulyreos 28(mal cglls Ggp be applied
- culture in an incubator in 5% CO2 concentration at 37
withoutmodficatben. appl i ed Moreover, antibiotics such as
streptomycin may be added as appropriate. [0031]
Ass amedippowsed oathe celture,sadedium tgererghyessed forianingad tcelb nyltuae, such as
support carrier in which cells can be cultured nay be
Dulbedtd8Modified Bagle ¥Mediven IPNVIEM)héancizaised. Benim mag de addedus promote cell
mediumis preferable. Exanples of such support

prolifefaoh! 61728 ait&ahtids 1@k k@aRNcel R idwvth fAMdr8 kith a8 FGF, EGF, PDGF
extra-cellular matrix m xture, polyglycolic acid

and thé P@%r’ wilRkdvtdehfm @&hﬂor{eﬁﬁs%ch e!.sqg:dhbi%nﬁ‘ﬁiaglbg |aM&:é21| Incaddltlon when

aci d copol yner (PLG&A), 'matri x (trade” nane)

serum %eiddg& tﬁedc%nggrﬁrﬁ}lon @f‘tﬂgék@%ﬁn' a ar%ln f 94 ﬁf@}latelylf%ﬁ&dmg on the

port carriers may

i nt ai atj,on at
culturg ??gdﬁlgpfi’ ol %ﬂélfrﬁﬁ BRI B 3‘3 S
reof incl el ty. fibe and sol
used i G puch B! EYIS tnAhCionlo Pyl COrcon SR L fuay be
mai ntain the |ocation of the cells may be the |evel of
appliegharMpresyerguyibiotics such ppFFUiPmYCR My be a%lciﬁérﬁé pBprapriate.
culture; in other words, a | evel of hardness that does
[0031]not i nhibit 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 ofl&coll agen, use at a fina
concentration of 2.4 ng/m provides an appropriate
| evel of hardness. In addition, in this case,
the support carrier nmay be of a thickness sufficient
for the first and second cell nasses to grow inside
the carrier and is set appropriately based on the size
of the targeted tissues.




[ 0032] Mor eover, the support carrier nmay 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 nass or between the
ceII nmasses. A high density state refers to a

utpiﬂoﬁ E%}llaaﬁsea & b I'es éﬁ\téﬁtlsﬂ g‘f% #}ﬂﬁ(h i FARNLellScan be

constrtuted such as, case masses,

cuture 0o, ST T Wﬁiﬁ'@f‘nﬁ”‘% g oSy Fliheis prterble
Examﬂ'lf%t s ggﬁ%@gt@%@ b ety e B AP

mass .at_such a_cell ens It ef erab
S = W TN I SR A I £ Coplymer
precipitated, since this conveniently enables hig
ﬂ’LGPdeﬂsllmaymwtad@ memeh Migbial Ereh (fradp aame), pndiMagrigel Qradw@ne) These
centrifugation may be perfornmed at a revol ution speed
supporéecpriierareytbetod a haclpesds that ggavirthahcwaiofairBhe approiidGee bocajion at
which will not preclude cell survival, and preferably
which $2Qellvard POGtioned indfide th&red R ardDexximpldsalseredfamdlndef ged e diber type,
at lower than 300 x g may lead to insufficient cel

and sold B/‘lfab Rirkidksi RNhRREsd, TR 16 ] bf Kiedifesd that @) nkeGRiNEhd RW4tion of the
e centrifugation at higher than 1200 x g may | ead

cells nfa§ b€ @le' ledla @Pﬁkﬁdﬁé@g e&e?hqﬁzeaﬁ)ﬁﬁ@d m'i‘l?rb& Bﬁﬁen@fonilflﬁ&@recﬁ%er words,
IS preferable. % When high density cells are

a levelRFiR3h tl@f d& rHi)E lnék@%gﬁropfgggf tflle Eé’lg%h %]%Iloﬁferatzon while

genera per orne aring a suspensi on

malﬂtaglél};{.h os%?m%of t%% get: f'b ln ed; tﬁzlﬁ) 2 Ve aqf%%{&gsgeg‘ easﬁg ggtex%am%:ﬁ IFlor
el EH P aBE R B0 BB B PR s

as tub s are silicon-coated fron1the st andpoi nt of

appropeigiedeest ef Bardnsibvi ng t he supernatant. [0034] When
preC|p|tates are E%epared by centrif %atlon
dnaddigpe.dn &ds ¢asg. thesupPpB e TPr HaE be ploh &@%.Sa@qeﬁéfor the first

support carrier Here, conponents other than the
and se¢ccadgell edseekd go(vfmsndetha eprrier amgl is e¢ttappropgtkhytbiasnd, onghe size of the
buffer solution, the support carrier and the like) are
targetednisfues abl y equal to or
[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 m 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 ts
constituted such as, in the case of the cell masses, 5x107 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 2x 10® to 8x10%/ml. In order to prepare a cell mass at such a cell density, it is
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less in volunme than the cells, and nost preferably the
conponents other than the targeted cells are excl uded.
In such a high density cell nass, cells are in close
contact with each other and the interaction between
the cells may be achieved effectively [0035] When
used in a tissue state, it is preferable to renove

prefem%m%g?%%ﬁe Qélﬁecrenﬁ'lh?%lﬂz bed ﬁﬁfegﬁése OfdclpBtated Uit e@is conveniently

onne e tilssues y perform ng an enzyne treat nent

enab le§ hx gh %%nsnlgrvﬁtho\/\hs%cnéagé g’l)?%%r%fi e cd ﬁ@ﬁ@\%ﬂlﬁog Hﬁg fbeﬁjﬁﬂ'&‘med at
SIS

a revolRfiph Specf R St b BR aisg a0 2D 2 Hraly iR syl pel Potuce
cell su%&%ﬁ %resfgr];t];lb%pg L(ib{) )iag %prsy%]roer%w?lgs eqc,) 4 eférg%%lé\ﬁt lower than
first cell mass and a second cell nmass are in very
300 x g gy dead g inaufficiennep!i preqipitasiop apd dre|cpll density mapy| hecqrae low, while
position the second cell mass so as to press against
centrifugrgion jat lsicheréhdn 1288 & g Way tehétmmllei,am@gezwgamfﬁ@ ndyiger of these
surroundi ngs of the first cell mass and the second
cases icptdferstlss with a culture solution or solid which does
not inhibit oxygen perneation is also effective in
Hm3ﬂnak|ng the contact between the cell nmasses closer, and
it is also preferable to add and position a cel

SWHBERh Abnsity cBitge gRAGIH 15y cBtafRdate, béit@fgiidois @enerally
differént viscosity to solidify the solution as is,

perforrﬁh@&ﬁ r?pﬁgﬁﬁé 5 5&9&{5?(%: ef%mr% e&eell? ASdonYai B ﬁfoﬁ'aﬂ%@es used for cell

IS e to position t e enanel

centriff{PtonAndhd QMBS ﬁa&p b 3! g;éakewﬁ?ﬂt gag%ié Beinkl dells as the

mass SS I'S Sl

precip Qe Jh3 PP RCId L e R BTy 1D e PRE LT foAsddiy he standpoin
t the invention is not limted to thls [0037]
OfCOI’Wﬂ“éﬂyﬁﬁ’é"Vé‘Eﬁ) FYPEEitter js in a gel state, a solution
state or the like, the solidification process by which
[0034]a support carrier is solidified may be arranged so as
to follow after the positioning process. Cells
pWien prenpdatenst decprivd by wppofugater. thedreqipijatesangy heodirectly
i nside the support carrier by the solidification
positigaed mssle thempparotdrderf Hemt ¢onpannts othesithpp trettargeted celts, (for example,
conditions generally used for the solidification of
a cultuselfdtidn, & Bffdrebmtiomythdipppid kartier addttholike) arechréferabiy amal to or
For exanpl e, when solidifiable conpounds such as

less 1n%ldni9egtﬁ£h AL ReliS Bt hBdt phdFeraBIlYRROEImfoREHAts Biher ﬂqﬁtﬁ?ﬂleﬁﬁget@@ cells are
solidified under generally applied conditions by,

excluded. qﬂ'@{u{qﬂ a R Pl ﬁéhs'&? bl pihdd LelfsQre RIRYRE 8bnthdt WHIWEScH Sther and the

severa M nutes at the culture tenperature. In

[ nsi de the support
mteracttlla#l ?Jeéé)@X% 15}1% E@é %gx( Qg ‘Iié@@egrgfl gﬁi‘étl%elly
[0035]

When used in a 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 comljonents other than the target cells, for example, when the volume of the other
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[ 0038] In the culture process of the production
nmet hod of the present invention, a first cell mass and
a second cell nass are cultured inside the support
carrier. In this culture process, the interaction
between the cells is effectively perforned by the
first cell mass and the second cell nmass which are in

compdnkS & &ANBSE motd ﬁla@@iﬁfbf(iﬁ@@élls th@ 1Ifté°r§(9fbﬁtﬂe¥\k’éeﬁ tl# cells may not be
tissue, namely, a tooth he culture process may

state of contact between
acmengﬁ 'B?&re‘gt{im q@%ﬁlggéﬂgéghgr% second cell mass is
|p03éﬂalntalned by the support carrier and the process may
e culture in a support carrier which sinply has first

d second cell ultyre in the pr nce of
MRESVETEH fiymgie PEFIF wﬁféﬂfheﬂ a sl it gnd poesbnd G uass pidn very
de endln on the nunber cells p05|t|on din the

close coniasb ppd awsp@rlalbzrmef@wélestp apution thesecopd cell masssops ¢ press against
further, on the conditions under which the culture

the firgsicel msss. Furthrsmpresy progmphesinatbe surrqundipgs efshe {irst aelbmagsiagehthe
1 to 300 days, and preferably from1l to 120 days, to

second callmass tvothtahcultaxei solption ansdlidowiish diees antinbidbrttoixpgdnmsimdeation is also
and preferably 1 to 60 days fromthe standpoint of

effectipé Dvingliingthg dbetkctrbesiteh she dell midlsss cldsér, anepit Gadldoyprefakabke tb add and
to 300 days, and preferably 1 to 60 days, to forma

positidnQOdel sighehdion R EHOEMBHPIntd 4 Sslbteon 0B Bifferent viscddi§ o solidify the
culture is perfornmed only in the support carrier,

solutldhuisgé" Fﬁc& 3 PR chRrad: Qﬁr{rﬁéjeagpp%mttehﬁedgﬁ&%ﬁ)a [ SpeTol el fn‘e%ﬂﬁ)le to

use or culture of animal S. Her e, condi tions f

positio%'“{b% gr{a?neg Eﬁ]dpq fO?Ll ItcyotllfI %5% %)%Elﬂl‘ ki 119 %rﬁaﬁ:.t Gl é]k?eeﬁ@P&JH' Iﬁ‘%s when

catio ve menti one

the ﬁr?c_t 5§ H}alssogglnc% kel 30 gilcfo? rr}x rﬂl%lsléqcﬂ)tr)r%l d:eﬁ?éﬂdotﬂe second cell mass is

erive vari
cellul a ctor ich are kno to,be effective in

a toottgqgin pgpelial Bﬁus%a‘%eﬁ?‘mm S30t Bmited BthSse cel Is, nay
pbe added to the culture. Exanples of these ceIIuIar

[0037F actors i ncl ude FGF and BMP. In addition, it is
preferable to use organ culture fromthe standpoint

of

g¥hen shetsuprpst eardernuingg geh stateupplytignaitate pethg dike, ghgisadidification

masses. In-organ culture, generally, culture is
procesy &y frdrichexsupport Lottt ingolalifit masbaariveehes wrto foliavt aftar ghe

medi um sui table for proliferation of animal cells and
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 fixed and robust.

[0038]
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pl acing the cell masses enbeddéd in a support carrier
on the nenbrane. The porous nenbrane used herein is
preferably a nenbrane having many pores of 0.3 to 5 m
in diameter and specific exanples include a Cel
Culture Insert (trade nanme) and an |sopore Filter
(trade nane). [0040] Performng the culture in
UG PEARRNGEAE ofthb _‘ﬁfod%@ﬂiérﬁn@tjl?@gf t'ﬁ@ku?ésérﬁ iRt 8BS cell mass
because a tooth having a specific cell placenent can
Ln.th 1 i
and a ;a%g?rlfcgcre E*SL Dre'cllfrured 1As¥de§%%§1§pgﬁ agrﬁﬁlg ?rﬁ?ﬁgseéuﬁ?%: ?%clg]elssﬁé e

ns Orf varli ous C y 0
s G5b ke G S5l BB PO P PLBBL 55 il o
s G0 S Sl S B0 S SR S e

transpl anting the support carrier having first and
sBeomdfuteairpcespiaae Be perfasmad ppah they thotigte ogm@@t Betpvgert the first cell
and/ or a periodontal tissue can be fornmed in an early

mass agt! hpesecond acHinmsg mgrgintained by thetsupprdt ¢aheersied thegbreesiss may be culture
masses are transplanted with the support carrier into

n a suppet tarmemghibiogdnply has firdandedcendbeltinasses) obeultusent thepresence of
this application preferably include mammals, for

other @Ka6fdemalBumans, pigs, mce and the |ike, and nore
preferably animls derived fromthe sane species as

U cullirel foBiod OMdY daSdndirlol HSHEnuMBG@1df Bel RYFBI oA QDT Ih ORI Pt

tissue is transplanted, i1t is preferable to use a

carrier%m te gpﬂffﬁ@él{smggsh}gﬁ ﬁanﬁ‘é}, &Wﬁg%ﬁ d’iﬁb&rhnﬁér%ﬂ?ﬁl% culture
altered to be |nmunodeticlent, As for sites In a
L Vi [ le. for ch in.vi r.owt.h I
procest I8ROl YoBtie 300 Bickl) whiion B 54Ol Ml BUBL AN 1 10
ar referapl.e for the transpl,antati on in,ordger,.t
120 da Fo Rt PR Ruing enidl RSP AR il B BF<ER0 T o 60 days
normal |y as possible The growt h period
from %%%P%@O%owﬁ@gﬂ%gﬁa%ﬁé&?h% Hywpeally f@ﬁ@aiﬁa?%dﬁﬁ, and
the size of the explant at the tine of transplantation
preferabhy [ @0 days.do sgrm nwothdwvmerrstpdonialdigtieed, but i s
typically 3 to 400 days. For exanple, the subrena
[003%]capsul e transpl antation period is preferably 7 to 60

days fromthe standpoint of the tooth regeneration and
t Whes cularefs petferniealainly inché&supppodacied calturt han ks peefoohied 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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the transplantation, although it varies dependi ng on
the size of explant to be transplanted and the size of
the tooth to be regenerated [0042] Ex vivo
culture (preculture) may be perforned prior to
transplantation to the living body The preculture is
pref erabl e since the bonds between cells and the bond

placin %g%e%ﬁ thak !é@ efnibgcgfeﬁa %Egs rﬁ%@ﬁ%@ﬁfép gn ﬁl%l Aleng%?&e Fn& @tge}lof?sgmembrane

stronger e Interaction Ween_
used h%rtglrnglg gfe{f%ﬁ@g .a%lermebsrgrllet Hfﬁtggg?%\é(elﬂro?%lrog %E’%ﬁ%gﬁg r%acg/igr%%t%xa thd specific
h ot irable t I
e T o CE S P BSS e ASh y

days or nore, since a tooth bud can be produced froma

[0040} oot h germ and thus the period until a tooth is forned
after the transplantation can be shortened. The %eriod
Rerformmng| theiewtugd in thopressogerpl ethermelaof apimnalp iseprefgrable because a
transpl ant beneath a subrenal capsule, is preferably I

tooth Haeing adpyafic celbpleemenocapftfedfomiadah yhar agg nRpgainaesponsoiohhe actions
[ 0043] A tooth produced according to the

of variptindisitinannddicitad fiafn adimapeedls Siichicolenin the phaenca of other cells of
toot h-specific cell placenment (structure) having

animall &Ry 02 peffoinilRl ANEARaIFE 01NN SdiHand 3MkLed &fiigr abl y has
diréctionality, that is, has a tip (crown) and a root

[oo410f a tooth. By having at least this specific cel
pl acement, and by preferably having directionality in

ohrte{Pis! | 6650 -
o Biteh e ' Dl SR PhrorARILHIE B sBhrfhning the
e w del ed extensively as.a tooth replacenen
supporsgtiEC A e S g e Ha chE ey Tar Teenreh AR R TRl malpr
. .cells derivyed frgman autogenpus. t oot rm are used,
periodfil st s Fodurnenyh AR PRDI TR EHitsesea s e aa the seeond cel
CGenerally, it . is also possible to. avoid problens
masseg3a SaasPntedeyEt the sHPRAFcTer ate e lyng kodyer i ved from
the tooth germ of another human having a matching
t Arimafs wirieiaeanore used fogdns aprdigadgn meferabsr inciude mpmmals, for example,
present invention it is possible to form periodontal
humantsj g micearsidhie bk and more preferably animals derived from the same species as
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 in a living body suitable for such in vive 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 transplantation period is preferably 7 to 60 days

from the standpoint of the tooth regeneration and the size of the tooth to be produced at the site of
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tooth itself, such as al veol ar bone and peri odont al
menbr ane, which support and stabilize teeth on the jaw
bone, by extending the culture period. As a result, a
practicable tooth can be provided after the

transpl antati on. That is, the nethod of producing
periodontal tissue of the present invention is

the tralg%ﬁ&lﬁ?ibﬁrélﬁggghmlv&% tdgﬂt;éﬂex'g otnl'{ﬁ? ﬁ?@éﬁ%‘xﬂﬁﬁ@ fo¥38Ansplanted and the

ure process as a o culturing the

size ofql?eo%gﬂlqg%g ire%%ggatfeh.r st and second cell masses inside a
support carrier until a tooth and a periodontal tissue

contiguous to the tooth can be obtained (culture

process), and further containing a step to isolate the

peri odontal tissue obtaineq by the above-nentioned . .

¥t @ilture (preckfyig) Bay e H%’gzrmad BEP 18 8RRl HoDdp, fhe g body.

be formed contiguously to the tooth by extending the

The preqylivtfris Prséarpte sipg thie bppds hseveen geth and the Bendebefween the first and the
obt ai ned, and periodontal tissue can be obtained in

second aellInzasieswaib e megastamngentoinake theninterastiombetiveen erbls atrorger. Asa
of the periodontal tissue may be performed according

result, the cvesallrgedvathcberibdcadbecshottéredper i odont al ti ssue forned
during the culture process can be separated froma
t O prechRiire @¥AGPMAY bs S @tlo) Ity désiveBliz@s Bavera [bier period, for
i ke, partial digestion by enzynes, or the like.

example)3 AN drindite, AR YETEABlyFeRGE bPBOrel SnddtEroah®iE-BE Bé pRIABERd from
met hod of producing a tooth can be applied to the

= oo B R O A R R o BB e shortencd
Th n ri ntal ti e ' t

The peldd o BRENRAOSE BT RHB Shod IR eRRbat Ll copsute

. of . .pr.oduci ng. peri odontal tissue of t present

s preffiR P d fopSin it SR Sl Bk S8ifaBia baR, Boear ch t ool
for producing tissue related to teeth in the future

w04ﬂsince, in addition to use as an explant, they can be
applied to studies investigating the devel opnent al.
pff trotlsrreducstl ageoadipg to the prodyghiagpethod Qiifhe prepent inygntiordhas a
periodontal tissue obtained is used as an explant, the

tooth-spegific el presorent(stoetored hangng dentinangidecd enamel awsidroand greferably
preferably perfornmed in organ culture in which there

has direstionalityathétas thaw tip (@bWwe) andel riost affa taethnBy bavamglattlérst this specific
entire procedure can be processed in vitro. [0046]

cell placement, and by preferably having directionality 1n addition to the cell placement, the

[0042]

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 caused by rejection can be avoided. Generally, it 1s
also possible to avoid problems caused by rejection when the cells are derived from the tooth
germ of another human having a matching transplantation antigen.

[0044]

Further, in the present invention it is possible to form periodontal tissue in addition to a
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A set of teeth of the present invention is a set of
teeth having a tooth-specific cell placenent obtained
by the above-nenti oned nethod of producing a tooth.
Since such a set of teeth is constituted by plural
teeth having a tooth-specific cell placenent, each

i ndi vi dual tooth can be separated fromthe set of

tooth i% glzg;pflg%gllﬁe??% b8 %{&i ﬁ@%&{iﬂe&énné?ﬁﬁ, AR LPRharRdStabilize teeth

od of producing a

t oot h of resent. i At 4 .
o e NCly S RLERE R YA, 00 R, AL 5 P i
a set of teeth constituted by plural teeth. As a
after theJBRFRIANQUOY 1 for explants can be efficiently

produced. [0047 . The,set of teeth can .be easil
oﬂ%aafSn@a "E%“%ﬁ’éjlpw%mgﬁ’éﬂ Ilﬁ%lﬁpfgﬁé’a%ﬁ%fﬂﬂmﬂa? is
produci ng a tooth w thout nodification. In particuar,
charactenizechley edsenmingrthetabeyrapentiqned caliie gEceI@s @ §tep to culturing the
preparati on processes, each of a first and a second
above-pehtionrddustiagd sepad atlbingssps wmpsle e dupnodt dapreas upbls topthraad a
i nside a support carrier in contact with each other in
periodbiitel tpes dontgiang tgthe casis cants ottheedgtelnee ppessiland &ethier
can easily be formed froma cell group which normally
contaififig FBtef i) ¥olateShdGrRrdbMel tiksue obtainédby the ab®ich@ehtidhed culture.
produci ng a set of teeth, it is preferable that both

ot 18is hlefitld, ApdiAcRErRRGe & de BRER @hﬁ%&ﬁﬁﬁ_&b tHétt6sth BY extending
single cells in order to facilitate the reinduction of

the cu%&? %Qlcﬁﬁ{rﬁﬁ; th'ég)eHM)cgﬁ% Bsdle lf{](%taihgtf Lhd géur RAE! fids8O cant btained

ure process may e elther or_gan ture or
oo S R 45100 BEREHAPRY o W05

s A Rl R PR R G o

v e S 2 R b bt LRk it digsion
included in the present invention. This

enzymes, or the like.

In addition, anything described in the above-mentioned method of producing a tooth can
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, n 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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transpl antati on nmethod i ncludes: a process to obtain

t he above-nenti oned set of teeth; a process in which

each tooth is separated froma set of teeth; and a

process in which a separated tooth is aligned to have

the sane directionality as other teeth at the

transpl antation site, and transpl ant ed. Ther eby,
there iPh&EGHtadk §8th RARA¥EIRDF 3n BRRCIId e &f1ré Fﬁh&ﬁﬁé@ﬁtbeﬁﬁ&essed in vitro.

directionality can be obtai ned sinultaneously and
Um46f°°th transpl antati on can be perfornmed efficiently

[ 0049] The tooth according to the present

[ ' b lied to t :

(BHS ok A PEBRB-ESe LSBT SASHAL Ry

by | os: t h: f | e,. dent al
placenieht p@amedlay (e Al Veader ot FeLTOE of BIeYBaPaR (Hifbr s heg)

and periodontal djseases,_ tooth_br qrage or vuls%on
cHDeEHh § sefof fastni sonshiftied eplprak ieeth having A tRoBRgstic cel
words, a treatnment nethod of the present invention
placenjant leachein diviciaktopthrern be sepatted: frem thegehofierth and used as an explant of
periodontal tissue obtained by the production nethod
a singleftodtings guserstedtbelomy #hus, onthie miethodied ppidueing f toaly pfithie pgasent
and/ or damage. Thereby, the above-nentioned synptons
inventidh, Whén Slitabteth aropiobudedsSEndlndéasydhatgeh carbeljeotidabdsadet of
and/ or all evi at ed. Anot her treatnment method of
tecth coRRItREEEE Plurdl BaeaN Ak @ RedulClebtH €5 Glantsi dafl be efficimtly ptddaced.
cul ture process of the present invention, or carrying
[0047Put the positioning process and culture process at the
site of tooth | oss and/or damage. In this case, the
SHid s%%‘ﬂk&ﬂ c§d t?ééﬁ‘é"z%btmﬁd B hisp1fihe By AR SicHE h¥hod of
damage itselT nmay be appl1ed ds” a“support carrier in
produé?,gﬁ(jelé bdo n\glt S(Jll{t %eog}f c?fi)(gr{. C%Iéiéﬁlag{]glltg?% a/r%glg%xtl?g%y rgt and second
; ¢ . .
et b e e e RS AR b b ereqapa then
_.the_ present invention, since tissue can be_effectiveu%
positiqngg BisileinsYPRATE GrieTAn poftiat Acihieath gbei RASKIORIgPrRgess and,
cells and epithelial cells, a nethod of producing ,
therefare. qrlvrel tapth cin pasily bp farmed fiom byl bgropmbich aprpmilyfatmpicy a single
nmesenchymal cells and epithelial cells can al so be
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, if 1s
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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provi ded. In other words, the nethod of
producing a tissue of the present invention is a
nmet hod of producing tissue constructed by an
i nteraction between nesenchymal cells and epithelial
cells, and includes: positioning a first cell nass
substantially containing only either one of
transpl RS EACAYIBY it fldks aProRBY doBlaiPhe G68VeSnaNdndd £86PREth; a process
cel | mass substantially containing only the other of
in whiém&cﬁr?o%ﬁpﬁ QX{E’?Ate&&L&% 3f oﬁgétﬂ;%ilh'a?r%c%% ih‘%vﬂi&lsé afdted tooth is
supp th each other; an

OTF carrier In contapt W .
e AL RS R SR R G5 b
I RTEVILL E IS MERLE U 2 T -

_ to the present nethod of %roducin tissue, unless
simultgnepesippaddophitagsplanggmnican be Perf%'gleg ieHicirsdlypr oduced by
the present nmethod of producing tissue, those
[004%]construct ed by the interaction between nesenchynal
cells and epithelial cells are pertinent, and exanpl es
GFhettbath @cdondihgitbethe preagnt inveihtioresan bewapplied to vreatn@ntston rocedures
like in addition to the tooth nentioned above, and nay

for toothNiebsiedasddts varib iy Sniptsfdiecompani@hbit lobhefoe dhmage to teethifor
this case, it is preferable that at | east one of the

examplE2 QNS RYAE e Rdiha3 paiiotdiis (ARlebRI pFRiles), hitd SeTod¥@E] disdabas, tooth
the target tissue. In this way, a tissue can be easily

breaka%%B{'f}gls%ﬁ UiiddyGetiigniRhg hehaxe already been directed

target tissue. Nobreover, in order to produce a

:Iﬁ‘[g?%% g{gﬁ{sl{)? ﬁ%laﬁmgﬁrtﬁetﬁ(? é/fﬁrg‘% E{rg% nlft u{vgntgﬁ%sihclﬁﬁegftxedﬁ?[mﬁatmn of'the

€ nesenc s and epithelia

tooth a‘é@glﬁétf aorgglcl)tgﬂtrisjsﬁ/ee 0 t{fii{]g e%ﬁlt% gtroa({ugtei(tm rtnleﬂsigc!lJ gf tIhL: %geg;%xlt invention into

T1
e I'Ssues us prepare a ce

. respectively constityted by nesenchynal . cells or i
the sivg B s Pl P o0 1 Pb e TRAYBNG SPGB H tgsit of ook
tooth germ and dental pul p cells, periodontal nenbrane
loss angdeoyr damagg@n b itrepied pad/oradlevately mal cells in the oral

cavity; in the case of . o _
Another treatment method of the present invention includes carrying out only the culture

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, a method of producing tissue which 1s

constructed by an interaction between mesenchymal cells and epithelial cells can also be
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hair, a prinordial hair follicle in the devel opnenta

process and a hair follicle tissue of an adult; in the

case of a kidney, a prinordial kidney in the

devel opment al process and a kidney tissue of an adult;

in the case of a lung, a prinordial lung in the

devel opnental process and a lung tissue of an adult;
;noﬂd%ﬂd in the case of a liver, a prinordial liver in the

evel opnental process and a liver tissue of an adult.

In foﬁ{eg %ror&soth@ RS ?o%lldr:ﬁ Ialtisg%s’o‘cf ﬂgerelg}gg ekpiﬁ%r &foh o frdthod of

st and a secon sS nmay pre par e
descrlbed above b ar.at nesencq¥
produci L TP PRt o 1 BIFTR1 BESS WERCHONI A AR P Lelal cell,
ide a support carrier, and culturing nd [ or
and inglydes SSHiSIgG 3 cellonast g BRipbicontanind oty e{ﬂilﬁr&ﬂwa@
as with the above-nentioned tooth, a tissue having
mesendfyyans] £¢lis o epithehiplaeHarant 2 sespnd ¢rbl mags g@tsmtlﬂbsg@ém@a& 0@’@ the
obt ai ned. [0053] The follow ngs are expl anations
other ofthefinesepthymabéellstoe cpitheiairells myidnrisopporiatriar irecqntass eifh each
invention is not limted to these. "% as used in
other; indoovbthieisg the abasededivned fighand seres) cellumdsesssnaddbe wi se
not ed. Exanpl es
above-mentioned support carrier.

In addition, items described in the above-mentioned method of producing a tooth may be
similarly applied to the present method of producing tissue, unless otherwise noted.
[0051]

As tissues produced by the present method of producing tissue, those constructed by the
interaction between mesenchymal cells and epithelial cells are pertinent, and examples of these
include a hair, kidney, lung, liver or the like in addition to the tooth mentioned above, and may
include the entire tissue or a part thereof.

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 already 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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[0054] [Exanples 1 to 3 and Conparative Exanples 1 to
4] (1) Preparation of tooth germepithelial cells and

tooth germ nmesenchynal cells A tooth germ was
reconstructed to forma tooth. Mce were used as the
nodel for this experinent. A mandi bul ar inci sor

tooth germtissue was excised froman enbryo, having

hair, a ?ﬁn@fﬁi’d’l Y l.E'(S]h@ig@n Bk ddde1Sprhlaya pr&@ss@.n%i’ﬁklf@lﬁcmidﬁﬁ of an adult;
rchased from CLEA Japan, Inc.) or a C57BL/6- TgN

e S, U T
an aduﬁ,elpﬁlgedcasé gigr: Tu t rpa}‘lr}g IlPunnDJIrg e’dev o%mc? Sital %POCS@ n8 r:leﬂmg tissue of

CI' oS ope I NCl SO

oot h m ti ssue was. wa dvat hosh ebuf

an adu&&lﬁ‘}(‘{l %és 1\§e§ @mr éveﬁg}t{ﬂﬁgfnp n%gp W _gndahver
treated vvlth an enzyne solution, in which D spase ft

tissue gfRHE@HBIL Mannhei m Gerrmany) was added to the PBS (-) at
a final concentration of 1.2 Umnm, at roomtenperature
flp ordep teprapare eash cel s frem thrss Haspes larfiset anfl gecap cpll mass may
DMVEM (Sigma, St. Louis, M) to which 10 % of FCS (JRH

be prejRirabasi denabed ahcen&éuxfagpa@)nglm@eMmah@hib @nd ppithehalragtls Hom a tissue,
a DNase | solution (Takara, Shiga, Japan) was added to

positioflg@hdnl tsfde AaLpReNEeridrS Aidi cohurity dddidt tangldntieg hodésbribed above.
germtissue dispersed, and tooth germ epithelial

tTh SIS @&y, a0 thithQRé fbo¥eiBnBA@INEHY NBisshé BSRSa YWREEC cell placement
sur gi cafl y separated using a 25G injection needle

forthe(fcarﬁétlz’d"f?s,sutl:{?elﬁlyl%ob«]&ijh‘?éﬂ1 . [0055] For tooth germ

eprt lal cells, the tooth germepithelial tissue
[0053]obt ai ned above was washed three times with PBS (-),
andtreatedtvvice with an enzyrre solution, in which

I genase | r hin
B BAETERF s Mt PPl Ao il s
m nut.es Cc preci
invenci ‘?Oéﬁlmlfééé‘aﬂ%ﬁ? e PHAIGRERERP %ﬁyrs@afe&rﬂslh%?ﬁit#@g%%&nless
wth 0.25 % Trypsin (Sigm) - PBS (-) at 37 Cfor 5
otherwpserigteds. After washi ng the cells three times with DVEM
suppl enented by 10% FCS, a DNase | solution at a final
concentration of 70 Um was added to the cells, and
single tooth germepithelial cells were obtained by
Exampléspet t i ng.
[0054]
[Examples 1 to 3 and Comparative Examples 1 to 4]
(1) Preparation of tooth germ epithelial cells and tooth germ 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 C57BL/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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On the other hand, for tooth germ nesenchymal cells,
the tooth germ nesenchynmal tissue was washed three
times with PBS (-) and treated with PBS (-) containing
0.25 % Trypsin (Sigm) and 50 U mM of Coll agenase |
(Worthington). 70 U of DNase | (Takara) was added
and single tooth germnesenchymal cells were obtained

which @/ao‘ﬁ#egf'? FlioRGcencd Qﬁﬁém ECFPRESRAAL hBFseOby the ¢oMEhtibnAl ﬂﬁlthod

germ a tOOth germ was reconstruct ed
th
under & %lcrgscR e ﬂs%apfjgﬁ%glg%gplﬂe gslh Sfeg ggéeqe%ﬁ%sﬁgi%ﬂ%ggﬁ%hm

e SRR PNy s
INOGAC At

and the cells were retrieved as eci pi tates by
of 1.2 Pént, pf foa@demperaussr x2.§ ymingte a%@lE“éﬁﬁ‘taﬁhﬁd tiyes ipfes with DMEM
culture solution after centrifugation was renoved to

(Sigma, 8¢ IgnsaMiditto eshichnt0 pef & CSl(EiH@ewrenm;gla‘mezsﬁ Kiadad been added.
conducted again, and the culture solution renaining
FurtheamonenalDdasd I soheon fTdkatae ShigaJaponmlae tdded to exbe the fusl ng
a GELoader Tip 0.5 to 20 pl. (Eppendorf) while being

conceritR$ieh Ve U/mnalgrthatootiegamrtssucatigrped tand pécalp geren gethklal tigsues and
use for generating a reconstituted tooth germ

tooth g}@lﬂ@l’lese&fh viagl thBdshefe buiPiRally Rphrblet bugingR1286 ifjectdateadle (Terumo,
pan) prepared with the above-nentioned culture

Tokyo? ﬂ%&blon at a concentration of 2.4 ng/m was dropped
on a’silicon grease coated Petri dish to generate a

mos&frop (gel drop) of collagen solution. 0.2 to 0.3 RL of
he precipitates fron1centrifugation of the

SRR L Sl D o v
RS B b SSUEL 5 B ol
Collagcqg:SEEEWogtglgth)]n Eg]ﬁe%ox\ﬁ |1\|I]) Ete a felr)l(aq lcgﬁcggt?atmntol} 168 f[ﬁm?was dissolved in
the PBS (-), at 37 °C for 20 minutes. 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/m! 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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Cel | aggregate 12, which was first placed inside ge
drop 10 using pipette tip 16, configures a sphere
inside the gel drop 10 (see Fig. 2 (B)). Wen anot her
cell aggregate 14 is then inserted, the spherical cel
aggregate 12 is crushed and envel ops the cel
aggregate 14 in many cases (see Fig. 2 (©Q). Then, by

(2) Prep@iatiGh biieBhstithedd6dth e&p 10, the bonds between cells

are strengt hened. [0058] In the present
R e e T

\ 11t |rssalrje & Et ai ni ng epit heI ial cells and a
meseng&?‘fﬁ SF SRS 86 ?al n| ng nesenchynal cells of a tooth

were p r ectlve as, cel |
ool s epRheiR 4l op i ki e R SB%?%-S i P
reconstituted tooth gerns ohbtained fro l
(Sigmpsyprigaetehby 47a &% EJBI% Bloagipncss) . i’veé%%fmﬁsi fo gfifigen grease coated
transferring the partial tissue containing epithelial
1.5 mlgwidretube (Bppstsdechilamburge Granany). nd theaiellsiors relemsiaipapopitates
surface of the tooth germ of each tissue was placed in
by centrifogaiondfirct). Whe bupematint ofilg regue solytemenfist eehtfifugation was
tooth germepithelial cells or nesenchynmal cells using
removad folh¢gicelsteeedl foskiblegametfabaion wacondictdduieid, dmahdiculture
germ Further, for the reconstituted tooth germ

solutidhE¥RARING aBundekn gre!c@ﬂhﬂas 98s Eﬁnﬁ\iﬂk&ﬂﬁ%ﬁ@be&@ﬁﬂg& @BUoader Tip 0.5 to
tooth germ nesenchynmal cells ich were nade as single

20 uLt@ngdt Edorﬂ vAlelbefd %%gaaéaeuae@ﬁa RERBALES e t@ﬁ;?éﬁéké&ll& Reuse for

germ epi t hel 1 al s inasimlar way to the

generaﬁgg%{ﬁec%ﬁstﬁ&eﬁpooﬁl%btn%m with the cell aggregate of the

germ nesenc cells prepared in advance, and

T
A
@%g@@ﬁ;%&%@ﬁ% A1l S
Ce )
s omed LS S i Sl B B o

support carrier, were transferred onto a nenbrane of a
preciptatpy frem|centrifugpiereelithe sboyennantioned tpalhgerm pithefialgells or tooth germ
arranged such that the cell culture insert (PET
mesennleympal aells wére hpplied oo thisiohsiopfusdg4 mpatte sind Quay SFieatifi¢ Plastics) of
Lakes, NJ) was in contact with DVEM (Si gm)
0.1to$®1ppltceg@mamcdﬂ)aggﬁg’aﬂ§% dellRtdssesand organ cul tured for
18 to 24 hours. After the organ culture, the tooth
[oo570eneration was anal yzed by pronoting ectopic tooth
generation after transplanting the explant along with

U Sl bOLRA iR WRl rRGBRRG Fiy. subrenal capsule of an 8
week- ol d 7BL/ 6 nouse, or by continuing the organ

CEb Mool 1D Gnichlvas Gl tTpMcBd IR gkt 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 m many
cases (see Fig. 2 (C)). Then, by solidifying the gel drop 10, the bonds between cells are

strengthened.
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As conparative exanples, each of the foll ow ng was
prepared and anal yzed in the sane manner as above: an
expl ant transplanted with an entire tooth germtissue
beneath a subrenal capsule (Conparative Exanple 1); an
expl ant respectively transplanted with each of the
epithelial tissue and nesenchymal tissue individually
mosﬂseparated froma tooth germ (Conparative Exanple 2);
an explant using a |l owdensity aggregate containing an

t 4 rF:i%Bt %#lp 2 act%ll?igérgdtg Q?n%ﬂg@E sﬁlg cgﬁs ée’f;cg?gﬁth%flal cells or
mesen%vrrﬁ %?lﬁgang] a el ltlgﬁug 38? %tm%,]e&)[}ﬁ%l Saz ﬁealﬁ n,g?%%ré]lar Wshd contammg

fron1atooth ermw th
mesenghy 3L C1 0 0 0 Berrorie ot RaEh ltemecasqlif & reihmagset f1d ufd
t he nmesenchymal cells (Cbnparatlve
o therresent Bramplp arhgn combmingthe éecanstlﬁft@(gooowms obtained from a
epithelial cells and nmesenchymal cells were gently
cell agpriegase and 2 tissue (Btanplesfl and 2), afisetrensidrring theagrtabtissye gorfigping
generation of a reconstituted tooth germwas prepared
epitheliah céllseor senen chpmalaslls midx gelplras a botndady syrfad66f th¢ Bjoth germ of
Hi st ol ogi cal Anal ysis In the case of subrena
each tiSsaP 4k plabédinTPsabbdidt Oith scellaggrgitt uteeded HomRo@R kBIM epithelial
al ong wi th surroundi ng kidney tissue was exci sed on

cells of JﬁsseﬁéﬁymMelgrusﬁ]%tahuﬁg%nafew& td f@etat AN eRbRALALd 196th germ.
decalicified with 4.5 % EDTA (pH 7.2) for 24 hours

?ﬂlf br, B eEérf&ﬁfEtéﬁ't%&h%eéx{mahgﬁ@mﬁlngﬁm%eﬂ%haﬁ@llaﬁél%ens and

er so t|on for ours erbedded in paraffin

[ Iy
tooth gQYm glgg%gt(ﬁﬁ%l tcg hfzﬁuh)vtégégrrn%n&’e elccgetllgl ao%lllggkl%gﬁg '\3919 %&Jared by
applynég tgna &Wﬁ%e}rrglneg)?tﬁﬁg{ ﬁélglll’q Iarslgm alrS gﬁo gletaood s%;aé ?#r?(glgr £ \\}Vé the cell
nouse ed for a nstituted toot
aggreg@fswﬁh%tﬂ £651 H‘eﬁe\g‘ﬁaﬁﬂfwz?%%@% W Ha%wéﬁﬁmeaﬁuted tooth
for 24 hours after being fixed in a 50% (w v)
germ %@r%@d@% harbettoPrBK ey alosq reripFariE 936k PR sol uti on
for 18 hours, enbedded in an OCT conpound (MIles Inc.
[0059]Naper vi | | e, IL), and 10 tim sections were made with
Cryostat (Leica, Wtzlar, Germany) to be observed
uh ckepnsaiftéd lopthaeen peepaied s dsopee] drmpmudsaet tlad al§y0; incubator for
Zei ss) . The results fromthe culture of the
10 min@fs itd olidifo the Cedinmtiix 8pe & AafNtts elmin), andra gell Qgaapdtetdheng with the
results fromthe culture according to the generation

surrouﬁﬂiﬁggéi a9k sﬁﬂ'}ﬁﬁ&ﬁﬁﬁa@ Rieré B @Rdrtedon®s £mShdWe bPa EdlD&ultufle insert in a
[ 0061] In Conparative Exanple 1, the

cuiture%tsée'i @/hf‘dﬁ G¥aS %gaﬁgégtsﬁc}gtﬁﬁmu‘!‘@@ll &flﬁfbslﬁéé‘f(tf’ﬁq' Iﬂ&ﬁ]ﬁﬁﬁ@wﬁh a pore

subrenal capsule. As shown in Fig. 3, since the

size of'OrH I%Lc?rﬁ aﬁﬁc fafxm kel %ﬁ%@%t’%ﬂ@& Wi DNMERD 1gsmarq supplemented

s constituting t tooth ger

o 10478 (o aBa el a0 bR O B o
cells me g rnmed, and a too d haV|n Ql
enerafiony et BAIYEARY B BT YA CEoB nh ZATREtEy wfaast‘awg\@ﬁth fplant

gi ven positjons. [0062]
along with the surrounding gel beneath a subrenal capsule of an 8 week-old C57BL/6 mouse, or

by continuing the organ culture on the cell culture insert.
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On the other hand, as shown in Figs. 4 to 6, when a
single cell formprepared froma tooth germwas used
according to the present invention, in other words,
when reconstitution was perforned by conbining tooth
germ nmesenchymal cells with tooth germepithelial
tissue (Exanple 1, see Figs. 4 and 5) and by conbi ning

t l U wiMothstPaRed38H Bhalyzed in th
AP P CEERAE LA o N g Al n oo

mannepgs dib%ge %n%&ﬁﬁ{nf t&agl glllt!:d Wﬂf}%ﬁ t{% t%ﬂtﬁg tg? gsh érf(lﬁﬂl‘%%ubrenai

enarel was generate ena capsu e

capsul%é(ta 1vle$ ol I ,eeﬁlg%i')gapﬁeg%e]é?lﬁ%y ¥ra$sp'ian9% O\glgl} %alclt'x ? {he epithelial
reconstltut the sa i nd of oth as, t hat generate

tissue g eenshyBpl s i r@mﬁﬁ SERTL ?Ia&ttﬂota PP ((prgPara) vebample

[ 0063] Furthernmore, as shown in Fig. 4, with the

2), an @w&f@ﬁ%mg & dTrdenisity EESASAM EPTEUMING AR PIMERY S p ulture solution equal to
transpl antati on, outer enanel, anel oblast, anel obl ast,

the voldeetof the ceHsi(Guupmrastye Exemplsr3e; andsinleyplaatdaimed frar agpll pggsegate
11th day after the transplantation. The root portion

inside nappattarrich by sdxveg agithtehaltcefls and mesenetlyngé nellsatpayatedifrdm a tooth
al veol ar bone was identified in the outer

germ WitHo@tedmaiaeitAtaliFatioftetvaeh tiogpithelinl cEllsrant elie, mésenchyidaécells
ti me course observation, dentin and odontobl ast were

(CompRadive Exhidfeu) fHueder, QfC&rH}%ré’tNi Baip®f 4 @fter the epithelial cells and
transpl antation, and a tooth-specific structure had

mesenaﬁﬁ{a}'l] @let@er% g&{ﬁy' | Rixb 5t the BEYSF ? I 1aG@éT&‘ﬂtagglleQat@qgédtfopébnerahon

accunul ation of dentin, “odont obl ast
ofa re&) gtlf’ﬁpﬁlt&p}l ggxlm Wg{ gzﬂ’?(ﬁ\ﬁl tﬂg 1 e w 'gs ﬁllﬁaltxﬁ% 1 to
erati on rogres erea data not 's
[OOGHFurther i mredi ately after p03|t|on|ng |nS|de a ge
drop, it was observed under the m croscope that cells
consti tut a cell aggregate were singly present, and
(3) H‘Sé?l?%‘Falém@’yﬁgl e day of short culture, that the ceI I S
were strongly bonded and had changed intao a sing
dakhassageot subsaal cagsuylptrpnhelapiadien.grrecpnsiiied togih &?@bﬁmg with
tooth germ This indicated that short culture prior to
surrounding kidneytissue was excised paghe T edayor { Ae diosftas thegrngplantation,
toot h. [0064] Mor eover, when nesenchymal cells
decalicifped witld 4 5126 DT AGEH ?rbl@e%bmas et dbeinglfxed aliths 40%r e
| ocalized in dental pulp cells and odontobl asts
parafoﬂﬁflﬂe}@de-bh@pihm peffkalzyhmbn 6eld Iours) atdembaided insiatdfig by g.
5). On the other hand, when epithelial cells derived

converftioR il etbiPofRoER e W ognu&eﬂon biheree&istifitotetb6th @il Foz Bittological
in anel oblasts in the outer side, and the fl uorescent

analys s%oﬁ%ﬁeeoﬁﬁ@&ﬁrﬂﬁé‘%aé"bé%rﬁlg@§@coﬁi‘m§ 0% &BldntlodA8Sethod.
used (Fi'g. 6) Therefore, it was obvious that the sane

C\%Ihkn é.P)t vaﬁaﬁoﬂ%réﬁf %gse%astdg?d for 9 r8QhRlited tooth germ,
on an

gener atl that reconstitution of tissue was
the toq?rh%erg‘lre\frfrﬁiesdde\émﬂ{,ep ﬁud{htéﬁé %g%fa‘giri rﬁg;ﬁ %Tr%gga]%}s attdf Leut‘lé[ ﬁged ina50%

(w/v) sucrose-4 % paraformaldehyde-phosphate buffer solution for 18 hours, embedded in an

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

Wetzlar, Germany) to be observed under a fluorescence microscope (manufactured by Zeiss).
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In addition, when organ culture was continued w thout
appl yi ng subrenal capsule transplantation, a
reconstituted tooth germwhich was tine course
cultured fromthe beginning of the culture, gradually
becane | arger, dentin and odontobl ast were easily
idenitified on the 16th day after the transpl antati on,
il bfis FRATTE b0 br Be bRk AR EGH] Sk URWA i M8S3 and the
idenitified 1n the tissue placenent (data not shown).
his..kin f [ r :
reslts P ety ac SRR O G Bk gton ARG F i HARY Eldbhttice shown i
Fi %Eithelial cell s and nesenchynal cells was used as
igs- 4Pdsye, but al so when both were used. [0066]
Mor eover, when tooth germepithelial cells and tooth
m06”gern1nesenchynal cells were used (Exanple 3), as shown
in Fig. 7, the presence of dentin and enanel was
datonmeedive Fxampled . B leptireacised oathasy avamirapipianiqd beneath a
cells and tooth germ nesenchymal cells was used as
subrenai capside. Aglsbewe ookig. Hemee dpsi interction besekdnsthe mysenshyal cells and
germ nesenchymal cells were used, it was observed that
epithelid] velisl consattimghthy towth ghirmag hotom@hiredy emanak] emveeltfrome theepahelial
frequently generated froma single reconstituted tooth
cells afPddRtinSH@ gasilipalp ddived a5t the ekenchfms) @By RbreFemiddysml a tooth
teeth by separatinga tooth bud after generation. In
was foRBéd ha e tip M¥GB01 QAN tEE FoRrARS EAHIIERBA a8Rlged iN\BIKEh positions.
first positioned inside a gel drop and then tooth germ
KMGzppithelial cells were positioned so as to press
agai nst the tooth germ nesenchymal cells, the specific

Helodes haﬁ'g1 gl %o%vt%f}%ﬂ%ﬁ;aﬁl go éj SiHeh sg{lggec‘%glgﬁl?/rg pl%BL.r%H #Sm a tooth

[
and I'nside, respec , WasS nore
constructed and the topoth shape .forne re_easi.ly.,

sem R AR GGl e PSSl s R Rk on was
tooth formation (data not, sh . [,006 e

perforis PherTGRES il Aer Begrehger mﬁ@ise%%h@f)ﬂ%ﬁfa&%‘gﬁhal tissue

arrangi ng epithelial cells and nesenchymal cells .
(Exampledo pefi Higs- frang Abarst yccombining tneth smpesersyanr! tispe gtk dooth germ
the formation of plural tooth germs and/or tooth buds = .
epitheligd selfsr(Egaraple |2ysa9ti£@ .edoothtiaging agpessfiaealhdagsaent with denpin inside
of generating plural teeth froma single reconstituted
and entmel duigyde wasgenarategiby abbrgnal epesube trangplostetsen iplanrat totldedaly period.
gerns and/or tooth buds. [0068] On the other
The tobfnBiaied thérebycdmmnefratébipait atpovdbleExargpbestitite tHeaame kind of tooth
culture was perfornmed with an epithelial tissue al one
as that%nﬁﬂe@ﬁ&%%?)b%hlt&ﬂirﬁg%ﬂﬁerﬂk&ﬁ@th QRemekigve) in Fig. 8, a
tooth with the specific structure nmentioned above
foogzicoul d not be constructed. Therefore, this suggests
that tissue having the specific structure is

L’ﬁ{}ﬁ%ﬁ*":’o‘? H{s QoY irﬂ%%{cﬁ e p@%;nt LR AR ARd RYbrE RS capsule

he prese i nvent
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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Further, in the case of Conparative Exanple 3, where a
| ow density cell aggregate was used, as shown in Fig.
9, single cells were already dispersed in a coll agen
gel drop during culture and the tooth specific
structure was not reconstituted even by transpl anting
the cells beneath a subrenal capsule. This suggests
on the gh Ay birertBnRISHAIAPAR 4 RoliSHebifik kRudbread BB & form in the tissue
ensity as possible in order to reconstitute a tooth
b | byJ. 0t {410 -
placerr%rhp (I‘rgzrnﬁac%l%lc\;/hé %Exﬁ'ger?pl &e]cly,zﬁccu ‘é’é“g&% &gagehm J&ohﬁﬁla&aﬁ’fd fleloblast were

aggr egat &€ was
. d, at hi gh density b . Xi t
i e ds BT Bl S R R AR AL 1o
in.th tio.of 1:1 with .
AT ErRE AR B Goind Holoh o %Al G0e, it es otier e pdes e

~such as enanel and dentin were not jdentified. This
microssppjbataslls eepstifuting & celhpasresain wers smabresenke pnd aftpy p shiglegday of
compartmental i zing the mass of tooth germepithelial
short culiesthatrtie t¢lls wese stramiziyt ol ed ared hadrehanaed fryipralsingle dogesive tissue as
after the respective masses are prepared separately.
in the {63068 n¢rijal Saded toxal perm. Thispadicasetbthhedhotticskure prior to
Next, it was ascertai ned whether or not a tooth forned
transpREGAGKsRFeétiretif theldd @Eidh offeidtod had peri odont al
tissue. In situ hybridization as described bel ow was
[oos4used to confirmthe presence of periodontal tissue in
addition to the above-nenti oned observation using HE
L . . ¢
Bl o R T bR B o sl e
localiztecrf o %?41%2 P yceﬁl_'«l,c én%rod%ﬁ%gﬁagt}s %ﬁ%ﬁggﬁ;ﬂn gl%%&?ﬁﬂﬁg cells iil(}h% irlﬁner side

para a conventiona Into
: i ckness sections., .The paraffmwas re ed by soak
Fie. %o ERERRORES WA sy PR PR oot R R a8 e s
were l%qegge%oigisém\%&gﬁ't@’rig . S{%ﬁp\’ys{ﬁgﬁéﬁ)’c% u%%%ergfi%gg%?ﬁ%g congruous with

m nutes and fixed with a 4 % paraf ornal dehyde (Nacal a.
those ofgheyerd) typrsdsesh@iie o) (heesfore gt was ey ipysrthatthegamg el mteragtion was
%éWv)THtonXﬁmQ(Smmw was treated in PBS (-) )
perforfipd agthat in aperal gaeeraitonrad that recoppmution)of fisyuedvasipgiferaed without

Then they were treated with 0.2 N HC1 (Wako) for 10
sacrifioing theaBreaimehaligsifeite calls dumBIhe geneaatcbnDEPC ( di et hyl

pyrocar bonate) water respectively for 5 mnutes each.
[oossAfter treatment with 1.5 % (v/v) triethanol am ne

(Nacal ai Tesque), 0.33N HCl1 (Wako), and 0.25 % (v/v)

AR RioA NG drete dNBRAVAI col@RR &itholt ApBREMAbRmal Qipsul®

m nutes, the sections were washed twice with 2 X SSC

transplaffatid aTbdkGiited B5th 86 AhiFRRP BRI BGRESHNRE] Mom the beginning of
MA4015784) probe was used by DI G | abeling cDNA section

: . . . LY .
R o L R R T L e
day ai{?gé}%;tgﬂt%pg% { %? as g%ﬁ%ﬁﬁ%&ofgagtgg?%pﬁéh? (s)tlngctérletw%s idenitified in the
) conventional neth colarization.was perforned w.th
s Pk b o B e B R e s

. Stock Sollution (Roche), and anal ysi s was perforn?d

idenitijjed Rotanlywhen qnewy dhe gberpf elz&eélél)ceﬁhaldpwiﬁeéw g¢fls was used as

(Zeiss). [0070]
tissue, but also when both were used.
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When the periodontal tissue in the above-nentioned
Exanpl es was exam ned in detail for the presence or
absence of periodontal tissue, alveolar bone sinilar
to that in the normal tooth germtranspl antati on of
Conparative Exanple 1 (see Fig. 3) was fornmed around
the tooth on the 14th day after the transplantation in
[oos6jeach of Exanples 1 to 3, as shown in Figs. 4 to 7.
[0071] Furthernore, as shown in Fig. 11, despite
i At Co .
HAErSBRE AR (08 sl BOIEL s b RO depE BB enc T were sed
t e in the nortal tooth 1r '
@xampl§C8 s Pl Sl Tt 80t Ui APSRRTHRY {cBefb s pen onty
tooth in each of  EX les 1 to 3., Further, when the
one of{gyih et erepaU PSR o s el e et v 15 e, When
expression of periogstin mMRNA 'cq i s a per.iodontal
tooth gegpspiirdiakisle pid wothegsan %gnqhu@ﬁllﬁei P BgTe Yred; 1t way Qijerved that
where the formation of periodontal nenbrane was
plural tegthritav oiggléregtionpiity ond simaiere (e fremeatineenerairdhiom psmaia
Exanples 1 and 3). This indicates that a tooth
reconstjartedh tpoth game dugsesiing i popiekty bf geneatogplirak tagth by separatinga tooth
periodontal tissues such as al veol ar bone and
bud affee péreeigioh dln parithlagvehen tddib gain mEsennipined cdlisamete Sirst positioned
Conpar ati ve Exanpl e 5] After conpleting the
inside R@8I drb]]mcrwerpfo_@aﬁg&m@@iﬂ@ﬁc tdlReebreptne®EQ& toGudst bigainst the
commonly used in culture processes was perforned
tooth %ﬁggﬂ%b&ﬁﬁﬁ)ﬂ et A pdaifie shrctRRaNNGE chRd An@ 80RMALE Pllced outside

ination of epithelial tissue and nesenchynal

. cel | ' : i .
and 1n§g§% r<§lspQé:{fv’el\fr“e\g'aéc ey ecté%ﬂt %él?t?\gﬁqé&é%ﬁltf;@tggtg sﬂa@%ﬁﬁé&nﬁre easily,

conbrhati1 on epit mesenchyma

and it %ﬁsl; slah% d%eixt\{helg mfar gﬁmagﬂﬁ%?a%g&sqg EM?mﬁlﬁ’o%deht? g@?ﬂﬁ&é .m5'

itron, of re using a norna 0
0oe7I@S applied in Conparative Exanple 5. The results are
[ khomn in Fig. 13. As shown in Fig. 13, in both

of anpl es, 4 and. 5, the size the tooth germ
TrsaEb s Aigob dery F@OB%F‘F%‘S Lmaqg&@%%&h ceffsqnd
eneration of a tooth having a specific structure
mesenglpmad g liveaceqriing fie thepresertdnydnsion st aicae gulbyed die formatiog of plural

subrenal capsul e transplantati on was observed.
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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Moreover, in both of Exanples 4 and 5, the teeth

obtai ned fromorgan culture forned a set made up of
plural teeth (for exanple, six teeth when nesenchynal
cells and epithelial cells were used; Fig. 13, |owest
row). [0073] [Exanples 6 and 7, Conparative Exanple 6]
As shown in Exanple 5, a tooth obtained froma

MTREMBS i hitRE of C8BadBtaENRSpIE 81 WEKE £ thvl QerfsRY B2 IPASH &ate was
teeth despite the fact that the nmesenchymal cell s and

i tdeld a I i nal .
e b SR EOIEL Sy S o RABER L PRl A0y g e
rei nduce

et her .each tooth 2d. sinul t aneousl y by t
and thd QR GG FE s PR e g s DPESHR e s B et o
0074 Anal ysis.af s tation o lural tooth S
Subfené}ecran%}leg Thlsabaat g s Beonars e ae‘ﬁso%ﬁﬁﬁﬁé PAENRps possible in
tooth generation potential 1) Individual separation
order t‘éﬁ?ﬂ’%ﬁ%&ﬂ a¢eqth by eclbinterashom gerns generated plural |y
A reconstituted tooth germobtained in a simlar way
tRyrther, Bxtherpise of Campagtigabxanyple drwhere o celpageseggtegugssformed at a
and plural tooth gerns were generated froma single
high densttphy triiting eebth gaonrepghelml céllsand tath gdrm Besdnchaynai celbtibadvance
day of the organ culture, single tooth gerns were

in the 18ti6 gf C-aldishosEaipattedntlisitioh s shewo isFiet 10, dskditBaldsugiess®namel
that had generated plural tooth gerns using an

and deht R6rei@NideMETHICTRD JudoBie BRK & idiRfRIta® to form a cell aggregate

st er eom croscope.
compartmentalizing the mass of tooth germ epithelial cells and the mass of tooth germ
mesenchymal cells, after the respective masses are prepared separately.
[0069]
(4) Confirmation of periodontal tissue

Next, it was ascertained whether or not a tooth formed according to the present method
had periodontal tissue. /n sifu hybridization as described below was used to confirm the presence
of periodontal tissue in addition 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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Gel drops were prepared by dropping 30 [IL of
Cellmatrix type I-A (Nitta gelatin, Osaka, Japan) onto
a silicon grease coated Petri dish in the sanme way as
in Exanple 1. Each of the above-nentioned individually
separated tooth gerns was placed inside a gel drop,
and set still in a CO incubator for 10 mnutes to

minute3 Qﬁdhdmr &&%né?ﬁ%ﬂﬁt 5 bV RRethar®d] ket Nalaldi %&d’\h}e) O%NHCI

of the individually separated tooth gerns along 'w th
lo I )
vt PSPy AR BEPECIEE 1 s
a cult h.the

sections sfe sy his® S o¥§‘5§.f%r“§?mbﬂe& Eferfto RS o

NM#OE%%?BW@%@&HW tﬂgﬁﬁﬁ\? : aﬁB%P' tﬁeﬁim %ﬁ%ﬁ?@%ﬂsa

18 to 24 hours 2) Hlstologlcal anal ysi s
primerdyy; ggteaagatgaticctitc, (L Nyl handipatipepse Bimerd &3 %fattwaggaamcca
germs along with the surrounding gel was transpl anted
SEQ Nﬁb Ad dr Wirahghrishizatian wea perlirmed fecepndig toeetonyprilonslnBethed,
nouse and the individually separated tooth gerns were
colorizatian wedpafonnbéwith ah adaPlGfArFali figznend (Rqdhe)dngtand¥BT/BCIP Stock
along with the surrounding kidney tissue. After the
Sollutibn Gathe)\aisd fraked wistperfernfedXviasreAtio Makgery d4Zpoap AkeCam
buffer solution for 6 hours, the tissue was enbedded
hhcs(zasgaraffln by a conventlonal nmet hod to nake a 10 tun
section. For histological analysis, hematoxylin-eosin
[oo70]St @i ni ng was performed according to a conventional
met hod. [0075] 3) Results The results of the

m\/ﬁérﬁ h\%gél‘f on%j]aés}{lg nsthgglgenea?lﬁf&%cﬁé: eﬁ ﬁ%!ﬂs eg(g{l}F%dtm detail for

ransplante a sub caps

the presehncg o aenrsgltﬁc%dof pirzlod]()ntagﬁ%u? a? e%la? 581\1@ s Ir]ar to hat m the n{)rnaal tooth

ea ansp ant € separ d

germ t@ﬂ%ﬁﬁ?‘i’%@ﬁ\g@a&%& EREree 1 e ) e frredpiupd the toots on the

and a_root. Further, in the obtained teeth, the
14" daps Ia@%reth% éfaléﬂi’laél?i’&ﬁ’é in eply ofiExampies htohas shovininSass: 1 éh’.
(see "a" on the mddle and | ower rows of Fig. 14) and
[0071]an opening of the root in the root portion (see "b" on
the md row of Fig. 14) were observed. These
dhsthematre,en shawrdindag d 1t despite tharebwmbination efisthabelcalls ahd tissue,
are present in the crown portion as in a normally
alveolay éoee atdgetrivdatidl;mdniteate ohlithhase tiglas tnBogean tHegurmili tosth germ
as that of a normally generated tooth; and each tooth

transpl@RBRSAS fChnSiafiive m@lﬂfsﬁl 1y wafe fofifeddromndsBE obthink@ Riokh inSeach of
the sane as a nornally generated tooth in terns of
Exampt&! 1l toB! B&EHE heake @bhetExRplel X Was JREGEd, 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 indicates 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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(2) Tooth generation by transplantation of a
reconstituted tooth germinto an oral cavity 1)
Generation of individually separated tooth gerns and
i ndividual |y separated teeth I ndi vidual l'y
separated tooth gernms were prepared froma
reconstituted tooth germ fromwhich plural tooth
[0072]9€T B were generated, on the 2nd day to 5th day of
organ culture as descri bed above. Further, plura
reconstituted tooth germ
[Exmn&ﬁgh n@§Q§1$%ﬁ%b I%%g%nﬁgneath a subrenal capsule and
e i sed fte of tran t,i on,
s RaapRybE s sbsiBtRe Rinchiodn aPT Dol eg o il gpmonty
dIe and tweezers under .a stereon1 r oscope.
used iy GUESRIRCCSTES 2195 PRIATIC Gartrpougly fr gy @&Pﬂlya%Pﬁfh generation. A
gel drop was prepared by droppln 30 RL of Cellmatrix
combnta;tlpé of emthehgl tisspegap mesenchipalicglls g%tpf&ﬁ JronygtogH geaw was used in
prepared at a concentration of 2.4 ng/m in the
Examphbheed menmboabeh efidpithelal sdlsend oresenshymal cglls fldrived from a tooth
grease coated Petri dish as described above. The
germ veds avet imdixhmpleeid In axbtiitvong uegah yulsep asiag @ dotned tdetiggerm waspplied in
pl aced inside this gel drop, set still in a C»2
CompdrftbiExamplel 0 Thd Cesiitdart efoiringad i1di fy the Cel I matrix
type I-A (Nitta CGelatin). Next, the individually

SPHbHh I FI0 04 hn G@thmfﬂlx%ﬁlem%ﬁkl § NRe S OO BHoRtDo @l in@8ased as
a support carrier, was transferred onto the nen%rane

the culg.{lie Berﬁﬁl \Alasq%grtﬁé{lgd lnﬂﬁge'hgr(ahgn 8 £4b IS in %%g@élﬁc EtHJC\M}E ch

e cell ture inse PET menbr ane ore size of

n

approxgmgfell){ t@eos% la‘lat ht%%:é&ky é%(r%‘ﬁ g3t 5 &‘ﬁ@(ﬁg?ﬁg ggrgs)??ail&thg}l was

b (fS (JRB), and or gan cultured for 18 to 24 hours.

Osmvﬁ ter the culture, the surrounding gel was surgically
noved with i njection_n edI nd tweezers, d the
B’ieQYf‘&dBIbPSJﬂ 3@53?13 &4 apgdt e ﬁﬁ%@ %mgﬁaaﬁvﬁwe formed a
to a mandi bul ar incisor extraction hole of an

set ma%‘el&@fm wraldseth (fos expsple sigigethvviies megenchwaplpels and %thehal cells

Exanple 6. Further, a tooth individually separated
were usadoFitet bb lewesdrsyli t ut ed t oot h ger m whi ch had been
transpl anted beneath a subrenal capsul e was

[0073]t ranspl anted to a nandi bul ar incisor extraction hole

of an 8 week-old C57BL/ 6 nobuse w thout being enbedded

[Examples @ agdel, @digiratBemxampledd); and this was designated as

Exanple 7. [0077] 2) Methods of tooth extraction of an

| ACIhS O iR B Rarhp18BSPLoBTH HdiREH firdth @ réddnStitdled €M Edtm was reinduced
3 days before transplantation into an oral cavity, an

to for l‘ﬂﬁﬂ‘ee@ll fsfRARL 81 MBURE nROGRENRIIcERand th@eﬁlﬂlgﬁil%glls were

ether was injected intraperitoneall

preparéHW ie(:t%{;on*?‘, Eedst%tﬂ 1%] A3 gfsﬁlvpaig)grf i tmsee whetléed each

oba I'ta |un1at rati to every

tooth f§i %&ﬁ@ AR by %FOI{SEE%‘QI&%& ae{if sELeBh AR i Rt

had been nunbed, was exfoliated with a scal pel and a

momqtlp of the incisor enbedded in the jaw bone was
osed. An incisor was extracted fromthe mandi bl e

(1 An%lgsm@f seppiatisyof plysplgeethgaansgenedtedironpacnsiitest et germs and

cotton, and bl eeding was arrested. For the sake of
tomhammanmnm@mmbn, only the mandi bul ar incisor on one

side was extracted and conm nuted feed for breeding

was given every day.
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[0078] An 8 week-old C57BL/6 nouse, whose tooth had
been extracted by the above-nenti oned net hod, was
anesthetized with inhal ed diethyl ether and a
physi ol ogi cal salt solution containing 5 ng/mn

pent obar bi tal sodiumwas injected intraperitoneally at
aratio of 200 1 to every 20 g of body weight. The

1) Ind {R4t3Fsep mﬁaﬁm@]‘fo@% &Em{éﬁdg?oc%@ﬁg ?@ﬁé} te ﬁm;l ed on a

I ssect I'ng t e-suc m; from

:5%%%%"\%%@ n vvas utledalgt e51dmllar EIEQO Lnaﬁ)?arﬁjge 3 %9 Itggl? cultured

OSG

| ayer fr i de of the he in the area o

for 2 tp Saleysp and f"?aw?moﬁt SRR B $eé'ﬁta“? rohasiggfe fsetat&utegit%h germ.

g,Wth a diareter of 1 nmin case of an

Then, P’h ehe\% admtp y §epatr§9 Qegan SR GEs Té?ﬂgl SR Prgre utgcally separated
dianeter of 2 nmin the case of an individually

from thefsaprstioded toothigewa tharharbeanpratedeplwielippidl scams wsing an injection needle
mandi bl e covering the area of the root portion of the

and tweetess Wirelet a Pyrebmecrescopact ed t oot h, then the
i ndividually separated tooth germor the individually
s@platragsedert prphredids dtoppigAtgt efdCdlimatrit fype BAid geldten, Osaka,
root portion of the hole left by the extracted tooth

Japan) dHi®4 GilicérEedtelcBatb® P& \Wighhn iHtesameatagak in BRenple 1. Each of the
orientation of the individually separated teeth germ

above Qﬁen'tlegédvlhgil's}ﬁtuhﬁ'y PRSI "g&%shvatscblfib%d firfs R 2 eiHoB! daﬁﬁ%%t still in

aligned with that of a norrally generated tooth and
I
2 CO,MciBathh foP 10 gﬁn&tgts%h ARAE e b RIAPL A QO REIARI HHRlof the

S 11 nmuscl e e n
L e e R
t had, received th cavi t tran Ianta

was rps e o H@f@a CFa T ru R et R g Wi She cell
In addltlon rative gnat

culturg pserk k] BeThaRnb et ?léﬁggqx émlarppgﬁ‘ﬁﬁgﬁﬁw 5.8 Raget soas
on a nouse was not transplanted

to contgct wish DYIEM (Sigtng) §yipdemented b r}%}ﬁj,]ﬁl—]@gmgl S1saRiculurgg for 18 to
i ndi vidually separated tooth germ and i ndividual ly

24 howepar at ed t oot h had been transpl anted were excised on

the 14th day after the oral cavity transplantation.
2) HisTddezical 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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bone was deashed with 22.5 %formc acid for 72 hours
after being fixed wwth a 4 %
par af or mal dehyde- phosphat e buffer solution for 16
hours; then enbedded in paraffin by a conventiona
met hod to make 10 um sections. 50 ml of deashing
sol ution was used for every two nmandi bl es and the
3) Res | e anmobunt was replaced at the 48th hour of
eashi ng. For the histol ogi cal anal ysis,

hﬁ{rearte&’u’i%é 'o'fﬁte%‘i’&éio%ﬁ&lgh%ﬁgl offi \?\ﬁ)@agt&f {358 ,g%ﬁﬁ? rﬁi&ﬂw&%

convent I Ona a toot

ro 7BL/ 6, T N ac GFP) , OshCl14- YO1-
o 5Kl TR PRIy LA ATeror ot e 14 As
germ and i ndj vidually separat d tooth it hed.

shownifs F18 39 03k B FHESPiABIed SPRralob LB RS A GIARE THp tei
with a 4 % par af or mal dehyde- phosphat e buffer_sol utio

tooth ghafactegsiized b enamtledratin. dentahpulpaTcrewREBd AN Yrbsy, rwéle obtained
Naperville, 1L) according to a conventional nethod,

teeth, tha grebencgrof swmdl and dentingn fedeowi portion (see Fa5t on(the middle and lower
Wet zl ar, Germany) to be observed under a fl uorescence

rows dofiFQy. OQ)::mdem(aZSe:hiﬁg pf th 008 @] thé roResutiangsee “b” on the mid row of Fig. 14)
Hi st ol ogi cal pictures on the 14th day after the tooth

were db¥driy@cti on of a nouse in Conparative Exanple 6, in
whi ch transpl antation was not performed on the nouse

af ke otdeevaﬁzs,tsnﬁ@fbtt@ tha@fantértﬂﬂasﬂ Sl SSontoBlaBt 8 ¥t h fhieGrown
15, and histol ogical pictures of an individually

portiors SPR 2 oRd] aﬁ)p%énﬁra%g;g&tﬁ Exa h:g) ﬁnﬁ%ﬂé%@h@éf a

separated le 7) on ay after

normah}{] %Qéeoratgcp {oo hI %rrﬂd éaréﬁ Qcmép genlgpai%] Jlﬁghangus%pase&e oi?gtts?tdof teeth 1s the

or are YESDECtIVE

| ' rans npuse of
same 3 BAPAY %F@E@&%ﬁﬁ?]@ e, Pl R e oo N
enerated bone were identified and a tooth having hard
KM76?issue was not identified in a place corresponding to
he transplantation site at the hole left by the
@ Togﬂataea@,r@t@al ByrigAnggantation of aggeqngiatugadiieqth ﬁﬁfﬁ%jmt‘h%“ YRLSAILY n
Fi g. at the aforenentioned site where an
1) Genemtovloa uliviguatle senasateditopthogemmeanchindividualy sepatasadeteeth i n
Exanpl e 6, a tooth having enanel outside and dentin
i hﬁiwd@aﬁ@sep@mﬁ@i’tab‘vh(geﬂﬂ'hwe@m@amdefd)m o otchndtdated toothogdnm, from
tip and root, the directionality of a tooth, and the
which $RITR! t66th lgéltnw Wera gehidiatd, oh tee 270 dayadol 5 dagpéophedultmethdescribed
Moreover, in the nouse of Exanple 7, in which a tooth

above_m@asr—,ﬁﬁalaéetﬂege@mﬁsm @ reethstifted Ut Bakm, GARGINE transplanted
transplantation was transplanted into a hole left by

beneat%% EBlehaAch 1&t QLR cis @FafRh 9¥Aadsbf Eﬂagsplﬂtﬁahoﬁ WeRtsBrgically separated

avi ng ena outsi de and dentin inside was generated

indiv@tangttsi{lgtgt g@t}h hOLREe hBerel\GPDAERLRH R0 had @

roo vessel's 1nside dental pulp

aﬁﬂ(}ﬁe R 68SE ﬁ’g i ivﬁ u%gﬁ aél}a%rdﬁgr a e%%%r)l (Lj? Cgaeli leo% v@astq%egqta?ed by dropping
30 pl o? Cm?m t¥tx%rpn elrﬁ H\?gtatgglatm 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 Petr1 dish as

described above. The above-mentioned individually separated tooth germ was placed inside this
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[0081] [ Exanple 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

gel drdpEdtQfiITRa cML ﬁﬁ;uM&%refoH $E thifles B ISkARRE Chllhsirix type I-A (Nitta
experi nment. Met hod of separating cells hai r

Gelan@?ig%nh;*nh%érﬁof@gﬁgﬁ P 0 085 s a g oo
carnergrgssst%r% e Iga%qﬁe E@%ﬂ%}%ﬁ%@?%’ﬁq%ﬂln%ﬂm vessel, in which the
G
cuBP%:Isfe%%%%@ww@gﬁzmmﬁa ofb YR SR Myt
a_ conventional nethod. The haquag cIe hgﬁéue of the

as to b contast IR (Sjmas) warHemenie B cutured

solution (PBS (-))containing neither Ca2+ nor My2+,

for 18tq &hkads.wi t h an enzyme sol ution in which Dispase |
(Roche, Mannheim Germany) at a final concentration of
1A ferttherdulhagl thesmrronattinglgdl ovas lvergiRBRY (em)qved tvith@onmjection needle and
tenperature for 60 m nutes, and then washed three

tweezdrs, RS thal ihdividhih (efargied todth gerhowastrankfilanted ik atand®baoncisor
FCS (JRH Bi osci ences, Lenexa, KS) had been added.

extracfio K€ b BwedlNd € STBLEOM U de0ind (hizkaiss desiSittgas Ekapply) 6. Further,
was added to make a final concentration of 70 Wi to

a tooﬂ{jlhéﬂfﬁfuﬁﬁy §éf>§ratb’il' ffonfx e/ rb@n@txﬁﬁeﬁ%&h g@Rfwhide hQ@béen transplanted
licle epithelial tissue and the hair follicle

benea éﬁﬁ%ﬂ:ﬂ%@]{muié é&%@éﬁ%@e&%@h&:@ thaﬁﬁB?Jr% ﬁﬁjctloH%bféQ)f@n 8

I njection nee eruno Japan

week-old C57BL/6 mouse without being embedded in a gel after separation; and this was
designated as Example 7.
[0077]
2) Methods of tooth extraction of an incisor and transplantation into an oral cavity

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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[ 0082] For hair follicle epithelial cells, the
hair follicle epithelial tissue obtained above was
washed three tines with PBS (-), and treated tw ce
with an enzyne solution in which Coll agenase |

(Wort hington, Lakewood, NJ) at a final concentration
of 100 Um was dissolved in the PBS (-), at 37 C for

Km7ﬂ20 mnutes. Cells precipitated and retrieved by

centrifugation were further treated with 0.25 Trypsin

' - - t 37 G far m . '
An 8 gk LTS lose ol ek BBt by L ARLs YRR 1 method
FGCS, . se .| lutjgon at a,final .concentration of.70
was angyitizgh S18 dUhATF L A HEE P2 PERIPIGAT At iR reg s memi
epi.theljal cells re ohtained by pipetting.
pentob@ll% oA im waswecte rth?é’F’fmfl%ﬁq]IYiaéF éatwe%féﬂé Hi}?%sﬂve@e%q %&Lody
- the hair follicle nmesenchymal tissue was washed three
weight; Theemoyge; whespserse)of aafg vras axmbed, wias fixpion p dissecting bl sygh that
0.25 Trypsin (Sigma) and 50 U nl of Coll agenase |
the sid¢ vbthe riw ditoonivhicli Ghelsboth v eRikedesd, o iTaker up) anvhthe atddiple was
and single hair follicle nesenchymal cells were
exposedibyainnmd the/skin et hosely: lafd Gidd] the sidkief thedead mgbaaereadf theg root
reconstituted hair follicle Next, cells used in

portiorJEMEE Bé1k QIft 181 tha ektReATbbth UL Rele Raihra didhbleCd! MBY i@ the case of an
prepared in the sane way as in Exanple 1, except that

individudBy §hfatdd@bdth l%bﬁn SR 4 RAL hith aGBAh&eTD HA ik tHeQlabd 68

?
mesenchymal cells prepared above were used; 0.2 to 0.3

indivi(félgllliy %flpal%?e%ﬂo&ﬁ vl $nall€ Wik a%ﬁl@el%%% ﬁgn&if?le%o%}mgqgeﬁ ea of the

op to prepare respective cell aggregates;

o L RO L1800 B Bl it o
the ind?v%&&allgtsgg%rratg togﬁlbvrvaesntfaalnsp ahy ln?o ﬁ'lE: 3 %lf %Q:trgcgti p%rr]tion of the hole left
by the extracted tooth through the hole made with the scalpel. The orientation of the individually
separated teeth germ or individually separated tooth to be transplanted was aligned with that of a
normally generated tooth and also with the directionality of enamel and periodontal membrane
seen in the mandibular incisors of adult mise. The cut muscle layer 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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For the reconstituted hair follicle generated in a
gel, as in Exanple 1, the cell aggregates, together
with the surrounding gel as a support carrier, were
transferred onto a nenbrane of a cell culture insert
in a culture vessel and organ cultured for 18 to 48
hours. After the organ culture, these were

bone \%?E?&%cha@g %?%ﬂ %&h{ic &eid %rﬁ%hrsca@t&sbgiﬁ% gI(%oe\Qiﬂ@a 4%

nmouse to pronote ectop alr growh,

st DB B BRI L: on gp e R oy
cone A TR LSRR SN, TD A R 00 o ery o

except that hair follicle epithelial ce|lls and hair
mandiflgy Fickihe DRelsaMawyiiFs Falnres i, dour SLAsashibg Sor e histological
transpl anted beneath a subrenal capsule as in Exanple
analys@, héra@q]ingpsipjstinuhg gat pérfoamad 9@105£ng to a conperitigaalgaebod.
of subrenal capsule transplantation, a reconstituted
haWherf ptdoihcd eemwles varkitom edC FBdAgy TeN ((dvt-H0EFP3 (MshbGLhYI0hdgMI131
ki dney tissue on the 14th day after the
mouse wansed fonbdindordiatly eemadted tobthufeem ahth endialballggegpagad moth, it was
was retrieved on the 14th day of the culture. Then,

deashddRgith 255 WefodthicGRld foR D hAHRbRer WMol xs@ dithialva 4 %
par af or mal dehyde phosphate buffer solution for 6

parafoﬂgﬁﬁégd@-ggﬁm 084 butBAEA fd HduRY e@b&ARY &Y O0®lcompound
met hod t ke 10 gm sections. For histol ogica

‘ Lvei s L aosi e
ote 08 NI A SOB AL AR R P R e mace
.. ~lhe result f,_the subrenal ,capsul e transpl antation of .
with R o4 Pt Oy EXRoobgRt el L HURBRThisRRe B 2eiso
0080Exarrple 8 are shown in Fig. 18. As shown in Fig. 18, a

[ kollicle, i nner root sheath, and outer root sheath
derived fromepithelial cells and hair papilla cells

4) Resgldy i ved from mesenchymal cells were identified on a
I ongi tudi nal section of a hair follicle (section A

skistadogiead pistirgs anrthe 1 4cdayoaiten trevieeth extimctiep of  B1ougg in Comparative

cell's and nmesenchymal cells which constitute the
Examplabtinayhich 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 in 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
INCIsor.

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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hair follicle was not inpaired when the reconstituted
hair follicle was transplanted. Furthernore, in
section A, although hair dissolved at the tinme of
tissue staining, hair which was not conpletely

di ssol ved was identified. On the cross section
(section B), cell placenent of an internal root sheath

inside 33 g@ﬁ%@ﬁ&{.‘ q\ige F%&at&hﬁ@ﬁlrha%%oétﬂ €iptahd b BelgRedtiBAdlity of a tooth,

epi thelia ell's mght enclose pores. Since hair was
and thg$ Ol S Bls thilrh nBEndly, %hééfég.t ining, the residue
of "hair "dissolution was identified. Moreover, as
i 8¥ewi])xl?rﬂln§h€ mgﬁstge’eorf%?xFég léeﬁ?g E)nleﬁrgfch \émglf)ogg Fe\é\p’%l%teedxacﬂ!& g&e%ﬂion due to

transpl antation of a reconsti.tuted hair follicle,
subreri 23} G RAGAPS e P PGP G A8l 1Fh el Fgtpied oth,as shown

. On the other hand, in _the case. of Conparati e1§xa le |
in Fig 717, pnotiehagia sramekbeutuds ngd dentin H’ésdéﬁ’t’ﬂﬁ)%ﬁ%ﬁmt&% pf the ﬁ@eﬂfmﬂed
m xed beforehand and reconstituted in a support
site. Thegenierted taoth &iad a tagith fip hed oot dlaodwasselsansidegiantal pulpas wel as
shown in Fig. 20. Therefore, according to
periodExtahpémb@ne oal alvandarlbdndarogmhibe atotlyl ahd dhre saaie str@hieias hat of a
tissue simlarly to the cases in which a tooth was
normall¢ peiedteditobyh. using a tooth genm) in Exanples 1 to 7.
[ 0086] Thus, according to the present invention,
[oog1jt is shown that cell differentiation can be
effectively induced and tissue having tissue-specific

[Exam%pggarm @&m&{vewg@igﬁcti onality can be generated, by

reparing epith ti'ssue/ cell s and nesenchynal

' / ately so that the interaction
ﬂ)Rg%é%ﬁé@gﬁ? %ﬁ%%ﬁﬁﬂélial cells and the nmesenchymal cells
y effectivel erfqrned and ; r L.Z] .

B LBy B EPE DEBe S PR R G et

o gt S b S Rl A B el ion o
. invention, it _is possible to artificially produce

hair follicle yas pesivamed, Mise wisie used ps magels g pxpefEealise ti ssue

can be reconstructed fromvarious single cells wthout
1) Methag of sepagtiegsdllsi nt eraction.  Expl anation of Letters

and Nunerals [0087] 10gel pack (support carrier)
A hair follicle tissue of a maxillary whisker was excised from an embryo of fetal age of

14.5 days of a C57BL/6N mouse (perchased from CLEA Japan, Inc.) ora 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 added. Furthermore, DNase [
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12cel | aggregate (a first cell mmss) 14cell aggregate
(a second cell nmss) 1l6pipette tip CLAIMS[I] A

nmet hod of producing a tooth, conprising:

positioning a first cell mass substantially containing
only either one of nmesenchymal cells or epithelial
cells, wherein at | east one of the nesenchynmal cells

solutiofl r(T zlkrzl?a SRigh hlﬁbér@ hyvaG @lHded th $nall€h MBIt ohEtafiod SOIUGERisperse
and a second cel'l mass substantially containing only

the hait ﬁﬁhﬂ& P tlfg hatllllﬁll &%Q}’a{rﬁgsug &hd ﬁleq’lﬁlrtf&ﬁcle mesenchymal

epl I NSl e a support carrier

tissue wf\rﬁre SUIg(l:an ts%)ef gd;gglé ?55 Gaﬁ} gct?olijll e%'cﬁl%: E’ﬂeg?\?g le':lolr <I§ g?&ﬂﬁl
[0082]

For hair follicle epithelial cells, the hair follicle epithelial tissue obtained above was
washed three times with PBS (-), and treated twice with an enzyme solution in which
Collagenase I (Worthington, Lakewood, NJ) at a final concentration of 100 U/ml was dissolved in
the PBS (-), at 37 °C for 20 minutes. 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, DNase I solution at a final
concentration of 70 U/ml was added to the cells, and single hair follicle epithelial cells were
obtained by pipetting.

On the other hand, for hair follicle mesenchymal cells, the hair follicle 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 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 used; 0.2 to 0.3 pL 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

positioning both cell aggregates in close contact with each other.

3) Subrenal capsule transplantation
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[2] The nmethod of producing a tooth according to C aim
1, wherein both the nmesenchymal cells and the
epithelial cells are derived froma tooth germ [3]
The net hod of producing a tooth according to Claiml
or 2, wherein the first cell mass and the second cel
mass are prepared separately prior to positioning the

& khdTREGRBtutdd HaR TS IBiET Bhdrite8 AENALAREH Exahfik 1THE cell aggregates,
nmet hod of producing a tooth according to any one of

s 50T kg SRR S SRAGLSLIE U By AR cen
t hod 0

ani nal s. 5] Th f Qr cl a topth
eutrore el ey vasngl e sl i 28 PoyiscBhi e e gyture
the first N ss .and, t he secong cel | i,s a cel
these vigrg galbspfagreﬁ&%ea@ﬁ? pubrenasapsg Shan ﬂ&faglsf’ldm}é? Fgusg to promote
‘tooth according to any one of Clains 1 to 5,
ectopighppgrpetiy @nfa@e%é@s ﬂqu% iwag ap¥zedyl t uri ng unti |
periodontal tissue is fornmed. [7] A nmethod of
P thgeitrey hppat, irvdemparhtive Beowle Corpralesteligegregate was prepared by
positioning a first cell mass substantially containing
mixingmoyty pastdf eellsomwenofin thessame wayals it Ebinparativeckanipdd 4 except that hair
cells, wherein at |east one of the nmesenchymal cells

folliclexdpithbigal e@listand hiaalfoltielk ntesérch bl detiswereaRed) ahd Glihwaetiansplanted
and a second cell nass substantially containing only

beneath B8uIEAL CaROR a9%in ERAnpIB8ENChy MRl Ccells or the
epithelial cells, inside a support carrier and in

[o0g4]cONt act wi th each other;

4} Histological analysis

In the case of subrenal capsule transplantation, a reconstituted hair follicle was excised
along with the surrounding kidney tissue on the 14™ day after the transplantation. In organ culture,
the cell aggregate was retrieved on the 14™ day of the culture. Then, the tissue or cell aggregate
was fixed with a 4 % paraformaldehyde phosphate buffer solution for 6 hours, and embedded 1n
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 initial
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culturing the first and the second cell nasses inside
the support carrier until a tooth and peri odontal

ti ssue contiguous to the tooth are obtained and

i solating the periodontal tissue obtained by the
culturing. [8] A set of teeth, obtained by

positioning a first cell mass substantially containing

hair foﬁﬁle%vzﬁ' o fhpa328 w‘P&En EH%%@J&E%[I@H hﬁff' IR 1fic18fwas %ﬁﬁ?a!nkéﬂl Furthermore
I's, wherein at | east one of the nmesenchymal cel

in sectl%h At gﬁ% Z%h%g? ld ?{{)lv&?it Itl’?e tll S?Ftr éséf@ﬁ?ﬂh{ng A H0%h [&rag ﬁ{it@ompletely

mass su ntalnlng on
. . t he JEse TR
dlssolvgg wtaﬁ ep{ﬁied; gn%éc; Crosssegiion n(C%cEpr?l) i é)?}cean ? go ot internal root
sheath ggé%lgl\;fmag@ggﬁﬁ ot gtlﬁ"x ualé htgpl{rglllgg%&f:ﬁs @gh& grtg‘loasg pores. Since
[9] The set of teeth according to Caim
hair wasshissolvad atihe Bme oy Hisue siaining, fisdetidue bk H&S?IHPO%E’PSI @entlﬁed
are derived froma tooth germ [10] A nethod of
prlowavsrrag showi iskie. 1% ar an explansthidhovascexgigedion the 14" day after the
i nteraction between nesenchymal cells and epithelial
subrengladapsile trivsplapthiadotzomeponisgiutg: hair follicle, a hair grown from a hair follicle

was identified.

On the other hand, 1n the case of Comparative Example 7, where epithelial cells and
mesenchymal cells were mixed beforehand and reconstituted in a support carrier, a hair follicle
tissue was not identified, as shown in Fig. 20.

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 1n Examples 1 to 7.
[0086]

Thus, according to the present invention, it 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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positioning a first cell mass substantially containing
only either one of nesenchymal cells or epithelia
cells and a second cell mass substantially containing
only the other one of the nmesenchymal cells or the
epithelial cells inside a support carrier and in
contact with each other; and culturing the first and

Explar[ahgngpjg%gg fRNut@sises i nside the support carrier.

[00

10
12
14

i6

The method of producing a tissue according to

]Cla|n110 further conprising a first preparation

process of preparing the first cell nass and a second
pregar?t|on roceﬁs of preparing the second cell nass
SehPack SURBRT FIEIRD g the cel | mmsses in contact with
each ot her The et hod of producing a tissue
ac"EBla%grﬁ%at?@%F'a‘}e}hnia@s)or 11, wherein at |east one of
t he._ mesench cells and the epithelial cells is
deell pegregaty sacqnaircgl%fr@aS)tussue [13] The nethod of
producing a tissue according to any one of Cainms 10
t cpigeRte tipherein the tissue is selected fromthe group
consisting of a tooth, a hair, a kidney, a lung and a
liver. SEQUENCE LI STI NG <110> Tokyo University of

Sci ence Educational Foundation Adm nistrative

Organi zati on <120> Met hod of producing tooth, set of
teeth, and Method of producing tissue
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<130> CO F03193-00 <140> PCT/ JP2006/ 310805 <141>
2006- 05- 30 <150> JP2005-157885 <151> 2005-05-30 <150>
JP2006- 055569 <151> 2006-03-01 <160> 2 <170> Patentln
version 3.4

CLAIMS

[1] A method of producing a tooth, 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 support carrier and in contact with
each other; and

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

[2] The method of producing a tooth according to Claim 1, wherein both the mesenchymal

cells and the epithelial cells are derived from a tooth germ.

[3] The method of producing a tooth according to Claim 1 or 2, wherein the first cell mass and
the second cell mass are prepared separately 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.

[6] The method of producing a tooth according to any one of Claims 1 to 5, comprising
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<210> 1 <211> 20 <212> DNA <213> Artificial <220>
<223> prinmer <400> 1 ggctgaagat ggttcctotc20 <210> 2

continuing the culturing until periodontal tissue is formed.

[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 support carrier and in contact with each
other;

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

isolating 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 1s constructed by an interaction between mesenchymal
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<211> 20 <212> DNA <213> Artificial <220> <223>
anti sense <400> 2 gtacattgaa ggaat aacca20

cells and epithelial cells, the method compnsing:

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 is selected from the group consisting of a tooth, a hair, a kidney, a lung and a liver.
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