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PRODUCED BY THE METHOD TECHNI CAL FI ELD [ 0001] The
present invention relates to a nethod for producing a
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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] On the other hand, from the viewpoint of regenerative medicine, recent interest has
focused on reuse of biological samples which had been hitherto discarded. Especially,
unlike tissues excised due to diseases, recent interest has focused on tissues such as umbilical
cord and amnion, which had been discarded at delivery, as organs having stem cells and
capable of being involved in cell differentiation.

[0005] Examples of the techniques which focus attention on amnion include JP-A
2006-6249 which discloses a technique in whiclh epithelial cells and interstitial cells derived



fromammion are grown in a large anmount in an
undi fferentiated state. It describes that cells grown
by this method are useful in regenerative nedicine and
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cells or epithelial cells, the first and second cell

maskeSrshatpegiailithy preseatlinvertireprerides aaethodifonprgdusing a tooth, the
metho?llixga&éli}{ contact each other; and culturing the first
and second cel | masses in the support carrier.
positioning, in a support carrier, a first cell mass substantially consisting of only

either one of amnion-derived mesenchymal cells or epithelial cells and a second cell mass
substantially consisting of only the other one of the mesenchymal cells or epithelial cells, the
first and second cell masses not being mixed with each other but made to closely contact each
other; and

culturing the first and second cell masses in the support carrier.
[0010] The second aspect of the present invention provides a tooth obtained by the
above-described production method.
[0011] According to the present invention, a new use of amnion may be provided, and a

tooth having a specific cell arrangement may be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Fig. 1A is a schematic conceptual views showing the procedure according to
Examples of the present invention for reconstruction of a tooth germ using mesenchymal cells

and epithelial cells derived from a tooth germ, and showing the state of a gel drop before cell
2



[0010] The second aspect of the present invention
provi des a tooth obtained by the above-descri bed
production nethod. [0011] According to the present
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microgr(z)tgll‘l eorno?'gan culture of the reconstructed tooth germ of the example of the present
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BEST MODE FOR CARRYING OUT THE INVENTION
[0013] The method of the present invention for producing a tooth includes:

positioning, in a support carrier, a first cell mass substantially consisting of only
either one of amnion-derived mesenchymal cells or epithelial cells, and a second cell mass
substantially consisting of only the other one of the mesenchymal cells or epithelial cells, the
first and second cell masses not being mixed with each other but made to closely contact each
other (hereinafter referred to as "positioning step"); and

culturing the first and second cell masses in the support carrier (hereinafter referred
to as "culturing step").

[0014] In the above-described production method, the amnion is preferably derived from the
amniotic compact layer.

In the above-described production method, the epithelial cells are preferably derived
from at least one of a tooth germ, skin, mucosa or gingiva, and more preferably derived from
a tooth germ.

In the above-described production method, the first cell mass or second cell mass

substantially comprising the amnion-derived mesenchymal cells is preferably a cell mass
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Fig. 2 is an HE-stained image of the reconstructed
tooth germ of the exanple of the present invention
after organ culture. The bar in the figure represents
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the art by hlstologlcal staining or the like. Enamel may also be identified by the presence of
an ameloblast, which may be confirmed by the presence/absence of amelogenin. On thé
other hand, dentin may be identified by the presence of an odontoblast, which may be
confirmed by the presence/absence of dentin sialoprotein. Confirmation of amelogenin and
dentin sialoprotein may be carried out easily by a method well-known in the art, and examples
of the method include in situ hybridization and staining with an antibody, or the like.

The directionality of a tooth may be identified by the arrangement of its crown and
root. The crown and root may be visually confirmed based on their shapes, histological
staining or the like.

[0018] In the present invention, the terms "tooth germ" and "tooth bud" are used to refer
specifically to those distinguished based on the developmental stages described later. In this
case, "tooth germ" means an early embryo of a tooth, which is destined to become a tooth in
the future, and which is at a stage including the bud stage and the bell stage according to
typical developmental staging of a tooth, and especially means such a tissue in which no
accumulation of dentin and enamel is observed, which are characteristic to the hard tissue of a
tooth. On the other hand, "tooth bud" means a tissue at a stage between the transitional stage
from "tooth germ” used in the present invention, that is, the stage where the accumulation of

dentin and enamel characteristic to the hard tissue of a tooth starts, and the stage before a
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conposed of single cells, and the first cell nmass and
second cell mass are nore preferably both conposed of
single cells. [0015] Since, in the present production
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3 SRR P AP gt
derivedé'ﬂinli otﬂlagmea;e&mh)aml tiSkueslin B (ljvidgaiodw such ps, ippstadably, bone marrow

npl oyed, ropriately sel ected dep ndlng on
cells nphéoréﬁ%@@tqeﬁﬁ @@GWChﬁa RS, BEprelaplY. fogsenchymal

cells 1§ kel dr&lci:a’vﬁy tkﬁﬁe HatroHPLLE "ﬁ%deythg %n@ %es@ﬁ P}ﬁﬁﬂi ﬁ?éﬁ%
treat ments. ese enzyne treat epeat e
from aranialiredrad utestusilingnescodryonak @tacursonéellmirlhwt@em geppat thé

enz s.,dependi ng,on the condition of the tissue. The
mesen?ﬁgégerﬁgﬂf ﬁtﬁﬁn’t %éls g‘??i?fﬁe( s) may be carried out by
[0030] eh&asdsRehdr®mBsdfioRyall dell§ betihan tHRE dEXAdtt@n athnion arc used as
urosci. Res. 78, 208-214, 2004. [0028] In cases
the m%ﬁ@hefmah@eﬂ_amhﬁ emosnhefshaaihyioardesizt slemxcbymait@llﬁ @d)ra"srably at
least ntrc%g ges:%a{l?pafe gédrﬁ; gs%ar%torel QLR abl n%?c?t les b)n/)ug1 ﬁm%gr mness, A&l more

S ARIE ] 0 Si

preferilile abiest thalﬁ@jduagd)%rby%asis he sdlrblyﬁbbt@f anpite havihe b fd6s1red cell
enzy éé whi ch may be used to make the amiotic
arrang&@ﬁﬁta hqugh &he amgusit yarien deperding on Hisi qiign sl oatelergiag potential
of the G{hgpfﬁ%% ¢ RARAL N T eﬂ%ﬁ&uﬁ Bf XS‘E‘% SThh /R4 4 %s?istﬁ}gferrgd since
Ividually or In co nati on. econcen ratlo
a desired eattimeraly beanuiyt oluaited aresphive of tiryleesd ofity thethdeasnihy potential

and a atel Iectedb those skilled in the
of the E}etsencﬁg‘@?gﬁ lﬁ’ﬂgn Q?})k/}éstg%tl al ly consisting of

[0031] NEh EHBBEA R ue I11'1 ﬁle'ﬁé’seﬁﬁﬁtléﬁtﬁn aBSplefiifblferived from a tooth
ami on-deri ved nmesenchymal cells are included therein,

germ ag:tthgrthfpmen tdpyorhice dhel dell arrangement fax afiping body andh effectlvely forma

oot FESTRCE RESTe sl BivehgiRlle' a5 PRRBp T FEa ey Rreen the bud
stage drdThicANRCARS O OBIAS o AAMafrPBATRGR Bnc kAl es

of the mesenchymal cells derived fromother than a
differangation segernfithetalide cell's derived from ot her

0052 RGN oL 150 Be B HEARPEN B0y By g, and
exampi@d thareaﬁldcmés edishienimed Ab@rothelepitheliabtissups mfeliabg }zsody
nesench cells in the oral cavity, bone nar

Preferged|cxamplss Pﬁ@eteﬁgh?lb‘%@}ﬁéndﬁé%@ﬂ@ﬁ%@eﬂ% &f 1kin. qeycosaend gingiva

e bAoA ShEEminE el e RSHEIMTT S0

epitheB4lgmeanedolr sellsrw]meh)f:ad pﬁﬁ@@e diffecasaed vibeeanpis dxnraltlylrmﬂ or

cells othrtha rived fr on. are us
ek R S G S aPes SK R QA W Exaimpled oF Sucdh”
lmmatafErEp‘Ptﬁelija? 'bkééﬁgoff@élﬁriﬁaﬂd@ﬁmﬁ@érﬁﬁnk@ f&ﬁtﬁéﬁaﬂ %E’lllsy alﬁt stentl cells

| east not "l ess than 50% by mass, nore preferab
thereof.ess t han about 75% by mass, still nore preferably not
| ess than about 90% by mass7to surely obtain a tooth
having a desired cell arrangenent, although the anount
vari es depending on the origin and tooth-form ng
potential of the other nmesenchymal cells. The anount
of not less than 50% by nmass is preferred since a




differentiation stage of the cells. [0032] The

epithelial cells my al so be those derived from ot her

than a tooth germ and exanples thereof include cells
0033 €l AA6E WHLMGLNEL isER) | | kftioft dfh
(0033 Ol 465 ey vl 55 sBl Rk Bl Rt ol ol hass, a tooth
germ andodthitdiseyis infeeyl beadolleatbd fronf the kdwhonaoc tedikand vabisugiamamals, for

examp ARl & Fshis B, KA S EUBEE SR 1P Sep 8 horses,
which@8d fmWhilS Bnd aflleRisQEMES Hick! @femtirMed, whith afRXAMH Gammals.

keratinized or parakeratinized, epit helial cells such
For the golidetipn ofiihe dexth gemn aibthieitissye, Eronvitiesgakratiyaied for collecting a

s RSO BRI 0l e
collected @n@& sterild S6hd¥lorsing s®es Whar@pfplike paéseriafidh a31860on.

fromtissues for preparation of a cell nmass, a tooth

Exampjey of sliman teeth gormdudadary tansh genm elos dirdimelas, wikich is the

sl BB B 1 15 B USRS DR iigin o

autogemduPiiGaes, 0says od it thothsesm oflivdidoat Rotbidpadferredaind
odents such _ as_mce, rats and rabbits, which are

10034 cpsetarheRt bic abeye qelle aorrRmed BATMGY tivsHe TehaemPie Aigoth germ,

the toGieihl okl aiin 1@ sEANMORMERINE d¥ighE o b Rloth gorm

mesenpipondlitissitel and 2 taottl gete epiviedlial Gesuabased onhkeit slmpere  BinceliBe tooth
col | ect.ed under, ster] cqndjtions and stored in an

germ U5y At aciyraly p iedd the MisfosqeREhrabegasily Halwsd by

tearing QQSuftirbAIsMg d1§Iebie JciRodsOfRiEpg BF eQfked IdBiatifn PR t0oth germ
Wwhich i's the so-called wsdomtooth, as well as a

mesenflingd! tiseistand gls topthegetm epitbehial tissugifmpdiertootbfgerm can be easily

. Ihizat | .of, aut nous tissues,. usage.of t t.oot h
caried b b oy bt SBTRA AR Tsp L SRR bR Blin
needlewherRpd hithalibye cells are prepared froma tissue, for

a tooth germ the tooth germisol ated from

|
10035} teletabb an anaame sy be vsedl tpjeasily igpltedbeitootit gera qelfs fiom their
sunoofBAENTRR ALY b bl 00 Bl bl 95 SRR AL o

tooth geradissuec aExbmpks ofi delehayhy usadeintsiéh goblivatter indiede dispase,

1 m croscope, it can be easily isolated by tearing or
CONAEANFE My (’i™hg di ssecting scissors, forceps or the
0036] 1 KR cell§ QbRtilBRg e dMEni QA Ra@BE 8 Y R lstatd S54'Gollected
[_ }gnd t he toot_lh g%r rﬁ epi theli alagt [ g}s(?ggl%f rom-t hgﬁogﬁ see
tissue e thestate dicsingle c¢lis. ¢ dn thiegulepauationasapd am enzyinei masbaysed to make

teari ng . cutting.,usi i njection needles, .
the el B i uBln S el SRS R PRESH 1488 o Gguge clude dispase
collagdtiasd &ideBypéin. arn @1Z ¥4¥8, fR¥heSolbs@rb tcPitBA kXIS B6th @h @pithelial
the tooth germcells fromtheir surrounding tissue

tissue, ag pesferresl 1P porfame trapsie preptmsnt and PNgsaeeatmentafter collagenase

v OO AL AT LTS ELREN sty

tissue, litig predi@redi t6 pagorm colldgegaBaramnidid atd wpssiniredtRRGHmigeously
ells constituting the cell masses may be prepared

and to fingly pestoray liNascgreagmeny) | dtthisease.daqBNass gealmentgs perdorgred in
orir RS8Pk TR BTSN SR ORI s
DNA rekhiedl. intoxhergilesorofhaug paraof he zyliseare damugte i thpasgime treatment

col |l agepase.and trypsin In this case, for the
and thg %%]:IB?IP staléffﬁdt helial cells froman epithelial
[0037]t I'S9RYLHS édnslifutiRE HledeliGhash & B bOMHILd SRR MY B&ﬁtsﬁg'n%&ed to
and DNase treatnent after collagenase treatnent.
preliminaey @ttuer privarid thef msitioneng seyl iatorder to bbtamsesudfigingl nuodiek sf each
froma nmesenchymal tissue, 8t is preferred to perform
col | agenase treatnent and trypsin treatnent
simul taneously and to finally perform DNase treatnent.
In this case, the DNase treatnment is performed in
order to prevent a decrease in the anmount of recovered



[0038] As the nediumused for the culture, a nedium
generally used for animal cell culture, such as
Dul becco's Mdified Eagl e Medium (DVEM, nay be used,
kind f b SE6U1FSrQhe BIPEINECR BhaifBh, subk Bl fehiBEALIE L oRBAIPGsed §
" a e%, or, 1‘asean a terne(l:t:ﬁvle toSu elKg?um arhc ? poo o
culturg Dﬁmﬁimafeﬂﬂsmayshmdpphed W@Qutﬁﬁdlﬁtatlla@GF or a known
erum conponent . such as transferrin be ,added.
100387 oa8 BeRePendary ot i *a*éfaam i et Ve Y el culture,
such &8 TAMERE0' @ RRYIPRLJ E‘ég?é MicHRIE gll‘)@ uSad, b Serum for promotion
condi tions, and may usually be 10% y vol Ume. For the
of cellqubliferation may, berasida| or.casl anualiernativeliot the sesums e c¢llbar growtefactor

c bator at 37C.un 5%
such o FGES ARG PTG B PP BirBl rotb S Tt s ofin alfPbe addea.
In caséfiBéte a6ruAdiB Ladd, at eencbﬂ@z&ﬁin iyt be M@é@’aﬁp@opnately depending on
masses in the posSI tioni ng

ositioning of t he cel
the cu@u@wondlﬁ@ns, iapd tnaawau@bfchml&% by volvgnss e Sonthe cglh @pltmr@nwnal
' u Is t3b
cultur E‘ortcf‘t? i &BR bl oL fdr%gln‘ﬂféeﬁ P.n %ﬂb@%sﬁcg Su.liéﬁgr $% COzy ray be
appliedBs &ﬁfandblotiotsu(m as sieptbmyeiemat besdded bsispproprivte t he
cell. nmasses are, positjioned wthout being m xed wt %éstand

[0039% 2 ¥ithgesrse to posiipmpeelihe gelf Besscs & the PREHOHEE NSBhE
secon& 9&1 mg?sé§§1% PO ﬁ Hec?mqﬁg brtRaHek WA &n'rﬁaﬁﬁ'@:{ﬂ 1R contactmg
nmpar t mental i zat1 on” approprlate I'n the present
state of mlm:@eﬂlscalnl this. caﬁd}ﬂtﬂ)}ellﬁms&mpmttnlx avithi each othed HBmmj since the
na in which,cells. .be qulture and is .
cell MRS Qe AP GORC Hb O SeRerR P G 5aULOEs PP YR Y i formed
beuz«eé%mbﬂ%la@)&ess UShciPa SO BT f)osﬂi’dﬂhhg?fs chikd "¢efpaRmeR@Bhtion" as
brin, lamnin, extracellular nmatrix m xture,
aPProlpr@_lt?/m tiaeprqsmtapmxﬁqau@mg pol yl act| c aci d (PLA) | actic
[0040ﬂ;4fﬁ” glp%@%cﬁﬁ%efa:ﬁ%e l'%:?eg og)én%e e m \C?Y}'li\c}g lrr{l?{/ ul('l.lre(i1 hd is
preferﬁtﬁ?ﬁ)mlxﬁiﬁ@ﬁﬁhshwmb desdribeé hﬁedi‘(ﬁﬂ hByn el sﬁeles Suppot'tl‘bamer
which the cells can be virtually maintained at the
include seHagesnbriiy darainity @W%@H&%H@W widere; pelygucaigrsish @GA),
?
ply LR AL AR B RSSO SHBF RO R UGS e ramo)
Mebidl ii7el (tresle mase) andlelatrigeli(iesls namth vilfhesehsupbert(ceﬂrie&s wwanhive a

s M TR LD e 8 LB Py e e

posm&iéhtlﬁ' fie suf)llktﬁ{ cdrfer, Bnd &AM oML sWbdrtcaigs m&'tﬂ&e in the
he ce can be mai ntai ned whil'e hypertrophy of

forms tOiﬁe gele fiber abdesolid. t Ingthis cpsep Kheflewrditespwith svhigdt the eellsaiand,

rdness can be .eas erm neqd. For
virwafl i 0ed § GHE TRl oS B e’ hER AT HEY | na
three-Gi@R¥ASIOh1I10R, Gt 18, 4 Rardnd¥8 Aith WG tHEDsidion 3P eIl 8drFbe
har dness. Further in this case, the support

maintaiaed while henertrenhy of thagedir dagto @glrf ﬂsro,hf@rﬁtlmf tsrnoamh@wedgand such
hardnéss %M Qe QJsxlgq ggﬁeﬁhfnt%{% e§{§ﬁl§£&d cagnl.%‘cf%gﬁa eﬂsﬁﬂg %’Hﬁe final
carrier ness e appr opr

concefl&pRAMGT2go Gimi/he pmﬁ&s@h apbﬁ)pha&wﬁirﬁés i nt erest, and
the |ike. [0041] Further, the support carrier_nay

a Futhentin (s eassalbe SYPRUFCGasSr mayehaye e thickngss ﬁ%’fﬁﬁleat fvr allowing
growth BF’g{ fﬁ&%@%doﬁg cill MaSsolif it he R5HRE Al BRORREHess Ay be

used here contacting state” 'Is prefe Sl g
appropriatelg lsyt-depeding ¢hilglsizertshe 1ys)sus bhineeresiant thmlsker es t he

-cel ] interactjon thin each cel Ss .an
0041 ’% tbwp@emcaﬁ&g Vﬂ%e&e} ntwerﬁag%?ﬂagﬁﬁrw tg? S¢lls can
mamt:ﬂﬁ%b‘fr &nﬂl‘%ﬂﬁg Skt el b&iHY 'd}éﬁlex%&i Qs {28 h@l%'ﬁ? 'tﬁé/ "c%htactmg
a tisste Is constructed, for exanple
state” mefem‘blx nelosadyipackeesldbigh dBnsity) Ofte whith gns0ss the b¢1h-b¢ﬂ interaction
at the time of cell positioRing, preferably 1 x 108 to
1 x 109 cells/m to ensure the cell-cell interaction
wi thout inpairing the cell activity, and nost
preferably 2 x 108 to 8 x 108 cells/m. In order to
prepare a cell mass having such a cell density, it is



[0045] In cases where the cells are used in a tissue

state, it is preferred to renove conponents other than

the cells of interest, such as connective tissues, by
withitP&lch QEMhidds A BAEYAELE baRkARRL or the like. In cases

where there are many conponents other than the cells
[0042pf Al ligledersity sfatrmexa mpfleaslty anoasEsivatat o thh densitly awhizh a
tissue&%?qn%%rﬂ?ecﬁ%cfgg%one % |1n h%tcg:? t %ﬁelL]EgSSﬁ% al ]e&fto t1 r;:el 0° cells/ml at
the tirBé!bf &edll RRIHONINRX Bict@sbly Wi 1U¥ th $ <P cBIRhElo @dure [tﬁ)@ée@]]-cell

The cl oser the contact between the first cell 4TRSS aF
interagtiun witlowt émpaiting thewsl! aptieithend sost prafierably 2 & 168 peg k40T gells/ml.

ferred t e _secon s.. be tioned such
tn ordB S EOE e M PRETRE £ 580 e BB R PrRB T RS
prempi\tﬁmu@ Ey aérﬁﬁﬂ@atldilﬁaﬁd;d this coaléniéBSenablds hdteeveaeansi the high
mass with a solid which does not inhibit a

densw mﬁmﬂélth&ﬁh@ celbasiydly. pSpereenidiyeptipnananbeearded putat a

revolx*ti{&n;zgé%g]rhglg Fer A egl ﬁagﬁl 1%@ 0%@6 f:o Lﬂﬂg%%ﬁﬂc}ﬂaﬁfﬁ& adversely

affectshxs:pmsalmf tlha)c@lssaﬂdlﬁreferabt)asomtg 1@0(1 leg‘ €renb 1ismogst y

OSIt on the sus si on erein,, followe
Cemr%%% igp et fea‘ter Wéﬁstxr&’em% feat twsagéi%ﬂ P@FW&étl‘?fh‘Pfs‘g?rﬁ‘;ﬂS and the
cell d&ﬁﬁ?/ %Ze%&lnﬂe N c@%ﬁrﬁﬁﬁt@iﬁﬁ %Fhl%ﬂeﬁﬁé]‘f F‘ﬁfo %nﬁg 051%)% damage

I n cases where st ce

to the welés and tfsrafqieéaotboﬁtheageamsmmnquméd cells and the

£00 nd ce ooth ger ithelial tissu t .. .
10043 <FrSSpec pese TS st St N EY cooreaton: HE Bisitheation i
norm:§ AR dub eftérdrefdrng taesugﬁénglgﬁwgﬁlgw cells fohecdnitdifdr sG&H 4s a tube

mass, but the present invention is not limted to

used foneall cengfuggtionnanshibe supsmeatant iswsmaypd by the graatdseexteng possible,
leavinggge e(ﬂ(s) %IE % pg%cg 1ltate > o'Ist l%d ‘%\hgthe c Ig}nélé §u saf ‘t?eobﬁ:

silicomt@&orhyhel\hbﬁboﬁihef cﬁ)\nﬂﬂaéfrerﬁ@fa‘l bﬁfhelsﬁpﬁ'ﬂi’caﬂil fied. By
he solidification step, cells positigned inside the

[0044i ulGees whee it@rprﬁﬁayit% e ﬁ@@axeﬁéwénmﬁ@gaéleaﬁh@&e may be directly

I C
poid A4 0e AU LAl BNl IE P BB sl o ol
interest ifop @Kamp]a;a cﬂmrﬂmpdium aﬂmlfﬁeesblumtﬂ;} thetsuppatt Edardet érahe like) is

preferglﬁg ﬁoﬁxgnge&ﬁii%g@ ses a S Phod fI%ta rfaggrap?lp {))rlflerr]lgs other than

the ceBObS Mtchése ﬁﬁe'rﬁ;‘ﬂcé&ﬁﬁ‘in@& %Q'u@ﬁ/ g ﬁlg‘ﬁﬁﬂﬁﬁlt}ﬁ&ﬂ%ﬁs‘s Qd¥ls are in close
general Iy applied, for exanple,” by béing left to stand

contaci withrgack gtherand the nplépdi interadtiom ey dlfecnwcluteasrtetd;
everal t nut es nds en t he
10045 ghe8is 1R st FRAERY n P ot R RART Bt Rt
compdrRbtsSither HRRABRE Iy dffidteed, buth REofhREVOTissubE bF’ eebfhingAn
nmet hod of the_present |nvent|on afirst cell mass and

enzymy igcatae oF el likeas & eases wheredhae ajeBEyECotOngRtp pther than the cells
of 1nte9@srt rf*o%lialﬂﬁ o G| l:ass]g%: gucl:l% 901%1}11% d&gh&etﬁhlp?ﬁ % ISC é)lt |less than

t’erac ‘is e |Ve Yy exe
that oiﬁlhe selin thetdeB-ce B dtatic i@l inayras‘sbe/\imlfﬁcﬁer&fyee}deﬂedglvﬂﬁ&l is not

contact with each other, to reconstruct a tissue,

I“e&qﬁgnely a tooth. The culturlng step may be
[0046f affd ags %e SHER b % 1 1€ 9 g an?ﬁl@tsgcogﬂtc@ﬁ fifhsd rﬂge better,
i rst c mass and the secon mass |'s nmal ntain

and it byespem'albtmn'p&mﬁd tlzat nheeaecomintllrrngss H»e pOSltlme’dl sugh that fthpeesses

. port carrier ich si he first and .t
again HRARE el G yraebie o oA s el EinaSciad dhgecond cell
mass \Qitﬂﬁrsol?d]bvﬁﬁh do8¢ hét-inHiBR ﬁ%ltﬂ%@néduﬂﬁ oP ﬁkﬂr%éﬁ pREméd®n is also
ture varies degendlng on the nunber © ells
effectlyostl miaking dhe gpntdse betwepwthe celmmdseas chosdr. t Heisslsatprefered to add a
the cell masses, as well asl@n the conditions under
which the culturing step is carried out, and may be
generally 1 to 300 days, preferably 1 to 120 days in
order to forma tooth having enanel outside and dentin
inside, and preferably 1 to 60 days fromthe vi ewpoi nt



11 growth and differentiation of these cells may be
added to the culture. Exanples of such cellular
factors include FG- and BMP. [0051] Further, it is
high-dh&hHELdEdspe i%ﬁ QLG Ao HAViHE & afffepdh VRBodiya¥RBkifRbn 1l
& gasjgxgh gesan 0nutrrﬁ%nt éﬂ% c?or tlgsJSQQaﬁg QFCG
suspensigsthsreirl, rﬁolhnmrbymwlhdlﬁcemrgehhc a¢1h1yon auk t simderthysi may

er f or oatin ous ne._on a cultu
convefighiIL AEGcHec TR o) PO LG OLARN Taf GO on GRS b st
cell mBssG8 bh nlBSSf SAE et gdrh ﬁe&ﬂ%‘?ﬁél cBRY drldqhe SRoh#8ell mass is a
menbrane. The porous nenbrane ‘'used herein is

tooth garef epithblia) tiasueeittis preteried o pesitiemihe goanael kot of thirgooth geml
t f 0 d Lf t.h
cpiteflyEHEn Bt eich e el o PR e R RGP e o

this. Frlter (trade nane). [0052] Performing the culture in
presence of other animal cells is preferred

[0047b e@aﬂ?@@ vsherg Betsunprt eayrier is petieripin b pelasalufingeordhe like the

posiidifind QLR BE AL AN LAREE LR SRBORS Gl O SuBh Bt i
solidifte]. | By thel edsilchﬂbdtiaahetepncdlhq;opuueﬁarmerdefhecmbﬁmrt edrtiominay be fixed

cells may be perfor culturing ex vivo uysing
insidelie,fugpe CewTS AT Seﬂ&%&r“éﬂl dhg S1pppH§EIiCr, FeapdigeRs sqnelly used
C
o soRARERI, 94 o U RE ) 3 S SABEIRSAN, o amne
in casesuvharel b olidifiable vompourﬁﬂuhh asitdllagen isrused fop t]nessupport carrier,

. eci al I d since a too h and/
soliditiZREE b pchie el wasE i BSp esne P Bie L o srawpleghy bring lef
to starddHt $heC@@re teiPedaturs foraBeerhNRin%as e sbve il kendRE BBSutaY. © By this,
transpl ant ed ether with the support carrier into
bondStbheVden\ﬂnwﬂbmg ¢ the s&xportRewia carbie ﬁxedmrdergadﬁ rogwitimal s
[0048ﬁhfnﬁtﬂe cr?lﬁmng S ep 0 ﬂflé) Ir)rgtﬁlgctlonalﬁai‘lo& gtt tlthﬁ gresen entlon rmﬁrstS cell

mce anl na

mass ghidef Reatd Qelldﬁﬁsls \a@aﬂaﬁm@m ihkide SRMMAPPEIEEArasr. adn ll’ﬁ@lt:ulﬁfrmg step, the
the tooth germtissue. In cases where a human tooth

cell-cedlaptpraciion iseefestively sy pieshede firgt cpld maseanst the geqopd gelbmass which
are in t@lg@%@ont&'r WQ'C heptt(l}]?é'coflé? ¢ DHORB %ﬂﬁ?}lﬂd Wasmal tered

e |nnuno ciedt. Tn o er to p an organ or
t i Blsuailofing lstep’mrhaydld dasrigisout suctethhtythe sorpact siglstate between the first

cell mgs‘)éaaxp {;]'gess&?:@%f ee?]h%gqsfég g}%}r{}elugefﬂl%[l Od = (‘t‘.?glil?cl:re%rﬁgrar e culturlng
by the@ﬁ%;%ﬁ{ e WARR L Ply had e dranGQUR RBhdlelms3 by eulturmg in
[O The tinme period for the growh accordrng to the

thepretsrsmestﬁlomﬂmmmcvlkrr es depending on the size of the

[0049§X'§1ée 21%’16 %%ré(ch %fotiiﬁ gl{ia'lgl%fs érgrh %ﬁﬁlgg ﬁn&trﬁ]g{}:eggp cetlls positioned in

the suppei Edtiéntand thest4eotRY Sell frAkse8 X AR Eas dnBe EdriBRtiRRn@ek which
of subrenal capsule transplantatron is preferably 7 to

the culgeringsiep rsw@rﬁqdr%tt,\ﬂméwa‘ hetgsnerplly dde ROP depsnpiciaraldh 14md 20 days
in ord%rqg f?ﬂng to fth E{W?é ou 5&8 \ﬂ?ﬁtﬂp‘ﬁgldgt ‘éi ?efgf'aﬁagr 10{0 60 days

ransp vari es’

from théeiesipdint ef p:tohﬁh@(mb acmth foickl. t Farkel anfoad aaa@ththbemg a
SiZfHOf the tooth to be regenerate

periodepiat tigsye,({ps HEXIPPUPE Jakdy asBerply ﬁ%l‘[i%i’rsr rerr:fer%ﬂr I11é0 60 days.

r ol
(000} PRRBRSIMNCR} IRule DA roLhES Weeﬂ Ay BB Rl g Bulre
can belpettoeead idder normal conditions used for culturmg of animal cells. Here, in
general, the conditions for culturing of 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
11



the first and the second cell masses can be made
strong, to nake the cell-cell interaction stronger. As
a result, the total growth peri od can be shortened.
growth g%gﬂffeﬂf}ﬁrﬁggf Gi;ﬂéﬁraléég %il??‘fa?v Hﬁ%’ o@%régg&#p g, %&gﬁg)}% oofrsuch
cellularrfn@prspmﬂﬁ@%Fyn@Bdfﬂys or nmore, is preferred since a
o bud. can. be. devel oped a toot.h germ durin
10051] pPirthsef 5o e oo i VY Poinhot 5 Rchagee and
nutneﬁtoéhﬂﬁﬁ f6f {ifled 4 delIFRBRANTRAbIAR cAlRte bgenéﬁﬂfrt &i¥efing k0T
example, in the case of organ culture
performed by flcating porons hembaarie onkeecudiuby mndmnwpsblle dor grhvertht ¢framimal

od of recul tyr r ef er abl d
colls i pRneEH e httegos Dl repar Saterin e maige A The porous
mem&mtdae@n&emqegrea&ﬁm@l fénbrand RS/ RS MEHE hbred witlithogiafkter of 0.3
5 u@ﬁ Er esent invention has a tooth-specific cell

@@ﬁé‘ﬁtexe@plea hagead indluds G}l Gulitre Anserigirade ramer) and Isopore
Fllterftﬁhza tsr de, and preferably has directionality,
has atip (crown) and a root of a tooth. By

[0052h aHert‘cgnﬁ‘nﬁg the @alturs U thegpesehéd 6f otldrlanBndl @BeiR®Mferréhbecause a

preferably. by having directi naI ity in addition to the
tooth leaérrrrg Bnesitigeist Rrangqment cyhke d PRt Iy AfRosdn Eseanse R the
actlong—t]?gsrﬁaogltglﬁ gk{hgs gﬁ@g%?%g ﬁltgart | Caﬁu?ﬁahll%@ﬁ%’,\“h g‘:ﬁfc%{ ﬁHﬁLﬁ‘g n?ﬁle%?esence
of othereménaliogtiainag dk Ipsrfamakedelyi duaking lex rzwb lusind ésdlatedicdl ismmcalured
aut ogenous tooth germare used, problens caused by
rejection can be avoided. Cenerally, it is also
[0053 POBgtHRE &hé Su \'Sﬁ'cgrrfé'i ARiBEtheORUSAM thY sdcBh&641l faassleamay be

cases where the cells aré derived froma tooth ger m of
tranSphlntﬂdliera lyéneshody e gimyout awliteehin vépot r Snelptadnradi wmo is especially

B850 980k 0 LRSS R O P BB

case, the ﬁﬁit aﬁﬁ tHegeédhdrat infgsad a&@ﬂ&ﬂkﬁmﬁﬂl thgetheaalith the support carrier
arrangl?errent Since such a set of teeth is

into the diyétg haded by nul tiple teeth having a tooth-specific

C I
L
mamnads ghekas himednsb pigswmd Afcq anc thel mmﬁleehimreapreﬁ-mﬂlﬁ désvedldiom the

be effl ared 0060] To . obtajn a set of
sae PEGE LRG0 KB BTN pl18 Ches s & g apogitegrBissue s
transplabRl, AR ﬁef&reﬁ Reudd ar ﬁdmﬁf‘ gr 5 BenseA AL ARl hudBRSWREh was altered

constituted by single cells. By this, plural parts
to be mmmur@rdﬁﬁmgltf abt ander wudshelap anrg@nameisuearapimalieltes normally as

: .
possitfi Brarip s 4 IBUA e D tp e KLl v Sroih Biferdfly

includé 'duﬂrblﬂidl egpsﬁteeﬁaegaﬁemo@eﬁthﬂ) s@beﬁ&e@ub b raDéaviybr enal
sule culture as described above, and, when the

[0055]p b'Elzﬂ tiyagl perdnst for the grewth %céﬂlﬁlmgetﬁﬁhemnSplamah@n [yed¢sedepertling on

tact
e sk By AR R PN Bl s S B0 R 80P BS
developad dné nprydgegpiedlly Bto/400 days| OE&ldxaiﬂpld, fertimé ﬁeﬁddeof subrenal
pr Odipﬁt ion methaod of the present jnvention,

capsulg typp wigion; is grefergblyd teb0ckuefonihe viewppis @fderarbapgenerauon
and th% (Ejlgé HEtHe Sodth %Tﬁéjde\%l/opgg 'eﬁhe sge Bgtrhle g%.gérﬁélﬁaﬁ& o aries

on to a tooth t1ssue
dependiag ah\ﬂ&cﬂlzﬂ ofttherexdard tpbde irankpitnedd andrhs sipeof thl ikaith to be
ort and stabilize teeth on the jaw bone. As a

regenerr‘gg‘g a practicable tooth can be provided 13
[0056] Ex vivo culture (preculture) may be performed prior to the transplantation to the

cells.

living body. The preculture is preferred since the bonds between cells and the bond between
12



after the transplantation. [0062] To produce a

periodontal tissue, the step to isolate the

periodontal tissue obtained by the above culture may
the ﬁlglearﬁE{ﬁé ée%gn@l‘%lll Rbiset ¢ F’ V&roh ltb%éﬁéghé&ﬁpcelg 19teﬁacti0n

obt ai n onl e periodontal tissUe. Isolation of the
strongeer u&ﬂmﬁsa]t the sealezromth feeiogent be stexticactor di ng to any

whi ch erj odo tal tissue forned
r0057] - he Grep i e o B it SBiyd pelond T R e pertcho! i or
examlﬂé APl or ﬁfor@ lﬂf’éfel%bm 484 or Rt 3 pRERARAIHRR t¥bth/bud can be
forceps or th ke "and "parti al dlgestlon by enzynes.

develqr@defrqm Thwth Qﬁzmhdlamt thispeped amdjﬂm tie ttm@s Btrmcmntd\am@dh is

L L B T
for trails’p‘lalﬁhm m%atﬁmh@ﬁbi'diﬁl Epeele OB ERe3eripl O€ ﬁﬁa&ul@ire & preferably 1
tooth, so that they may be used as an effective
to 7 daysq grder tq efficiently regsnerBisiienth. of tissues rel ated to
eeqt t
(0058} o8 tg%tHfJé%:glﬁ? Heddfding to the rddﬂctgﬁ%@étggggf‘&e ﬂ?gse}égﬁf;&t%% has a

tooth—klfeeifmﬂellmmangezﬁém pstﬁmme)dmnglgtdentdﬂ msmeadd@hmﬁal omtuﬁm @nd
[ erably perfarmed as organ culture in which

i s pref
Preferfﬂﬂgﬁﬂé flizechign@lyyie ek isiop B TRt (FroPrd Andra rot of pdoothhy Braving at
r
o 04 R CASMA528 48 ALCEBA STk Ot
cell arrangtinentpfimstons ofmvtemhloan be théredne Thedfdrerthe produced tooth can be

i, S LD SR et T o e o
epithefiaIcdells @@V dffFfaR aﬁt‘é@%ﬂdﬁé t&th b&et ﬁ}e u§élij p?ob‘i&ﬁ@cz@tfsed by rejection

transpl anting the separated tooth wh [é aligning a
can ba aygideds uElenerhly, it is alsapossiblesameoid pr@é«tmbmmd by eegection in cases

t he e of t ran ptation
where FhE Sl R Aelva o Pl e SiSlicE PeSaf s &
transpamtamngaﬁﬁggn and directionality can be obt ai ned

nul t aneously and tooth transpl antation can be

[00591) eTlﬁeoﬁeﬁtbdﬂf%#LFP@ PE e grodyation @}ethweofttb%PWS% éwyegiiprmer be in the
form difA8cPEESAN hal 8Y 8T0IBIREAR, BLIPADRCABR 1 €d LO L her api es

or treatnents vari ous synpto acconmpanyi ng by | oss

of Since slewhmaget ¢ftctthdd d:nns’aimmbd_ebyannllupk:_ todth hhreing ynpdthsaypecific cell

i ncl ude . den aries rgi pal periqdontitis
arrange ey i opiy o R ssperdtl Bomr hE sesBF sfh S ispinempplant of a

single4bSiB 88 BSscribQPbdloR! eﬁg AFEsuB! te@fhl'ﬁs%'x G245 86 eﬁiélently prepared.
accidents or the lik In other words, th

[0060% hEe abteunta st nﬁtenﬂ)ctouﬁltuné bymadtiple t¢atly éhis |pmfemett1haﬁla§h of the

n ti of .t he and/.or peri

firs B SRRs5 T i SRR TSRy R Bloet pS Sontaining
factord méﬁ%% @ Bndridl @ehtBewhich@ofirolk @Rt inhtes 5f fedY iy BaREE1 0 exist, so

hi s, the above-descri bed synptons at the site of

thatplﬂt?éﬁﬁh@élébéﬁwlﬁroﬂlm%ge can be treated and/or

al e

e N T
descrm&d dbove,pd sivign bk obtatnedriesiid udet ue Al eQslantolt iCmefeyicd @ perform

t the g}égltl oning step and the culturing step at the
W,

organ gyl i {ReTe B0 comtpch ith oitieg eclly of anpnals é%%@e eptjge procedure
can b 65&&@&%%‘{5'33% at the site of tooth | oss and/or

amage Itselt nmay be applied as a support carrier in
[0061hdﬂlrthegnn tie grbducsiopmasthodc@lithe presentimntenting dhadidtuee period may be

T k t li.ke f th
extendga ﬁghgggrﬁgl%pf%‘tg%@é ?qeﬁrr%%d rﬁy thlls ?t is ;)gsrylble teo form, in addition to a

tooth itself, a periodontal tissue such as alveolar bone and periodontal membrane, which

support and stabilize teeth on the jaw bone.  As a result, a practicable tooth can be provided
13



the living body, therapy or the like of the site of

the |1 oss and/ or damage can be carried out nore

qui ckly. EXAMPLES [0067] Exanples of the present
aﬂaﬁh@&%ﬂ?kaﬂﬁMh|| now be described, but the present

invention is not limted thereto. Further, "% in
[0062Ex£apr®1$1ca s pbryodesiad hssugnths siep timisekite tht periodoital tissue obtained by

eci 1) Pr pa i an of i on-derived, .

the abREE Gk ey bekriod B dttdr O Bou EySTeGen 1o Shfain only the
periodoBfl Hssue! MisBrtiBRbEMHel REMntAURBR BENbOpdrforARE ABENINR o any

cells, human ammiotic nesenchynmal cells were prepared

methoflrin whinirthe perierontal tissuie deed during the eiigning siepean he separated from

|ded aft bt ai f or med. con el
= toorf e S by Bt d ol SRR BT Bhcp§PE UGG pd paria
dlgesthnH}E’aﬁ(zyﬂqeyvas added to a 15 cm di sh and the tissue
wit h surgl cal scissors and washed usi ng

[0063 \AE&@PEJA anddhe perndents] tiesye eblaingdageniding do Bistnapseatinvention may
r
o BTN 29450 ORI T UGBS Dcnonor e
developnidntdPBE{ceds, ofartdothusd thet theju tnay fbe ukalvadinteffebivan@search tool for
transf rred t 50 m ntrlfugetube cont ai ni ng 25
develgpmegf o lszs%rtel%ﬁstpﬁee(f f&Pred by G BCO). [0068]
Fi fnSdases!¥ohdr€ RS0t TR 'tlf%rbe%ﬁbﬁ’t dissid 6!5’(%#1&?}5 64 Lt§an ex Iant the

enzynme treatnents were carri e out as
culturmgatﬂpragcwrdmgbatlmproductlen nyatieod is patferably I(eszﬁnecbma orgSn culture in

e o Ve RS TP E AR o bt 55

vitro.Centrlfuge tube containing 25 m of 0.25% trypsin
(manuf act ur ed % G BCO), fol |l owed b}/ an enzyne
u

[0064} eAdngthed {oa ensphantation ofiartaethds al&?@)c dwluen thﬁwp@r:ni invention.
o P R P50 58 5P B 5 st ot

a step p0 8gAtatibp bactooomi gy atcOnPhdxl cﬁ”Q&etﬁtmﬁd Q&téﬂﬁiﬂtté@éblantmg the
mesenchymal cells, an appropriate anmount of PBS(-

separaggglfegthrhile alignipgatpath sughthat ¥ danihsisane élrwtggialétyalrszogrer teeth at

the sitk BE h@éﬁn# kg treatment was transferred thereto and
vvashe owed by being cut with scissors into a

pi hldhis{zvi/ayhnmttqalstezﬂl leivirg anspexific cerﬂarriﬂ[mmens snibdisstiphaity can

AT e TR T R
[0065 I to6f dcasanRse tﬁéﬁ@%@ﬂv@ﬁﬁ‘{ﬁl O¥ aﬁogi%}/)ph@d b Aherapies or

spase |1 (manufactured by Roche), papai n
treatmenita ok ¥ aaugspapynsAscomparyigly tesslooralaesaphiastseth, and examples of

the sy[gln?n uf; aﬁl}lge ge{gaq clqn%% W?ﬁ%‘n‘iﬁ é)ggﬁg%rﬁltl(s l Gest glﬁ;? R %rlhﬁg)u }oss of teeth

by permhtat\aﬁeeead b2l bftdkadebravelRRil cagsed s Heailderits of fhe 1ike] |
suspensi on obtained fromthe enzyme treatnent was

f i Intodlpca v asgs, shantpergpeytici method gfhe prrsentdByantion dnetydes trapgplanting
of the \gﬁo%h t?&ig ?.oa&ﬂ t?ss;?&b %% ﬂm(cscrl] 8? %&EB(?L%:%OE T‘ge%rédﬁ%f?g% Present
inventfc@xlmotthﬁmea’ (a‘ttumh)lossdﬁhé/os dgtﬁggmt anj}t thf]st theralblbt?@descnbed symptoms

cent ati on was | SCar. de n I he pe et was
at the %q{ t@%ﬁ%@é’%ﬂwa treAteﬁép dipr Pll.lf‘éfrl‘f}t by a 40 pm
[0066]1YARS &héﬁﬁé}a &&'&Hﬁétﬁé@@ﬁﬂ@ ?ﬁt i3 foh H{H ng out only the

nut es, room terrper at was carri e
culturing step of the present invention, or carrymg out the p051t10m11g step and the culturing

step 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, due to cytokines or the like from the surrounding tissues in
14



15 obtain amiotic nmesenchymal cells. [0070] The
ami oti ¢ mesenchymal cells were suspended in DVEM F12
(manuf actured by Si gna) suppl enmented with 10 ng/ m

LB T WA 8 G L B8 R

mored;mnlelxa KS), and pl ated to a 10 cmcell culture dish
at a cell density of 1 to 5 x105 cells/m. Until
preparation of a reconstructed tooth germ the cells
EXAMPIBsdi spersed by trypsin treatment and subcul tured,
as_appropriate. [0071] (2) Preparation of Tooth Germ
[0067EpExaraplesipf thi pragent invention Rild nowripe sletaripod,(tart theipgesest ialvention is

not B Bretor. Tl Lol Baentss o sighl e P BlaS £ oRY i

SpemeIdKEN Bi oResource Center) which is Geen Fluorescence

Protein (EGFP tranggenl c nmouse, a lower incisor tooth
(1) Ryeparptieiso r@ﬁﬁ@@dietilﬁ Meﬁmchmk%llmpe by a

CoRy 2 L0 A ELA R ALyt
humar{ Bty )nesa{dﬂymﬁhc&ﬂle Gvedd prcparet fierpRurAdrLiRnibac tidshed

mnutes with the sol ution which is PBS(-),
Hlé?ﬁné?jpl‘\ﬂn"tdﬁg ungrnfeEPed epnseid: TARIPHR Jissue was

P hysmlk%/ vvas | ng WM%‘%%& g??ﬁ?ih‘)abﬂz%%%ﬁ% el Sﬁy\ﬁﬂthe

tissue suap phiewiln swdical :IC['BSGI@%l‘ﬂ:@@Sl(ﬂdHISU‘ngW\IGEﬂ:eeSj tdnyem]ﬂd)bl&d cells from

i.mes. Subsequently, a .DNase | on (manuf act
the ob{aReE ApEe RHUe nd BIAPTROU P NG BREFIE BF Grsiered toa
new di8Uvidhell Gg zﬂh sRerEeshend ARihbr 8T fIbWES B beﬁ@ Yrah&f8rred to a 50 ml
t oot h germ epi t hel i al tissue was surgically separated

centrilygp hpeaonB@ing? 2o o6 Zﬁ%etwmlr( (menufasttred byl GE@C% ru rm)

] ar at | ecqns ructed Toot
ro0s8 | 1At sitn  FREO Rl N SmiER ElE 5 Pl G5 e o
as followk. UBkiAg atshekind bicabiss pa et OB Amea(DD@Rint, NSl hidlutes, 37°C)
ti.ssue and human ammioti c nmesenchymal cells

was cemﬁ%ﬂutamﬁ e peniftiedisen At ﬂ@etreraémmrve%é@mﬁfé@%tp 4 RIHPO ml
centrn?.l tut %Bnt@{mgé %f’ﬁ]'llz_gf b Qg‘?tﬁﬂ (n{\l# ?aﬁ 59 GiBE ?thﬁgwed by an

Fact ur e ppendor |cone grease
enzymeasacaiop |(4@{cpm) Lll‘:'mlmna’l&'m,l i N rfﬁ&etny;is;mteéatmahtlvsas further repeated 3

. ended DMEM ( manuf act ure ma) suppl enent ed
times {3 GRe oo m&?f'&?%m@a epithe pefsx%l % added, and the
[0069TF €Sk eyRhRy, 48 lcbB&: 8Rn-deRbd kedaRhi a1 @é?ls an ar]%)groprlate amount

gﬁr_em pitates. The supernatant of the culture difum
of PBS(f ) was added tea § infrudishj and Wxasmn@rmmmeﬁtenﬂmfﬁﬂagypsm treatment

s RSP FARRRLED B8 G AR e s

size of fﬁﬁ‘ﬂﬂl RiSHEmAr que ﬁsﬁtﬁ%aﬁb%ﬂéf ﬂﬁtc@ﬁldgfwis%bé‘e@lhhﬁlmfer@d toa
stereoscopi ¢ m croscope using GELoader Tip 0.5-20

50 ml ewﬁﬁﬁ#ga@@hpr@atawng pip epayares mixtyre (hmeyat eollagenase mﬁmt@wd by

R ERIRHTBL 5 P R Sfo B FUBGR R Ry
Worthipiied) aad |0l(I1€mBl\QE£@ﬁ£1ufﬁ$ura@By S&na)360 Hahko baldnded/satt solution),
CeIIrratrlxt \%Pnufactured by Nitta Gelatin
and an %yme\x%?sctla@ ram@é 4k 37 - Varardc o o ﬁé@aéimg@wbamr The
cell sug% QRIoR btaTﬁ’edbiJPéaﬂ ﬂ*?é)én&?ﬁl Qfreaffneht W2 & tgreli b?fa h&gl filter, and the
ove-descri bed ammioti ¢ nesenchy na
resulting filtrate was transferred to a 50 ml centrifuge tube to be subjected to centrifugation

(2000 rpm, 10 minutes, room temperature). The supernatant after the centrifugation was
discarded, and the pellet was washed 3 times with PBS(-). After filtering by a 40 um nylon

mesh, centrifugation (at 2000 rpm, for 10 minutes, at room temperature) was carried out to
15



16 were applied using a 0.1-10 | pipette tip
(manufactured by Quality Scientific plastics) to
prepare a cell aggregate. Subsequently, using a 10

obwnﬂhﬂﬁBﬁ@nkﬁﬁmhﬁﬂﬁckﬁ?th germepithelial tissue was
led to the sanme gel droplet, and, using a tungsten

appl
[0070he¢bk amniphie nmacﬁchyzmabcfells herssmspcmkém DOBEM/Igjer (manufactured by

S e T
mercaﬂde&ah&ﬁnﬁﬁhfac@g&f 895maffind Wﬁmioﬁ’&é&es Lenexa, KS),

mesenchymal cells. 'Thereafter, by solidif the gel

and platedio atl0 cgtwllbmlidse dight mlltdmmt)mﬁlhwgﬁexm @ St’mbl i Gitil
prepasglif 8 bt RSP b oRe SR RRREHER. b e PRl and

subcuIt@&Hfhsg@pmpnhQOM] Thi s VVI [ now be descri bed
rring to t he nunber 10

[0071}ei¥r)é’§@af@0pwﬂgeuh@¢r§glﬁ1@fhe Bpwet carrier), the

t the first
et bR E g 0E o Pl BBERO% R Cor T
C5 7BE@gf@g@h’eEG’F REOsHEdAY0 GEM 1 3rEipakhaand ffbhERIKEIﬁ BioH&source

repr.esent s the pi pette tip. The, cel | gregat e
Center) Whigh isHorra veespranss ngtﬁaéﬁﬁFBhEansgﬁnlﬂﬁ@%|a wsrpnnétsor tooth

cerm s &ﬁﬁﬁre(ﬁ: Lflder :l:lgﬂﬂcr&\égB%e H]g c&‘n%?ﬁ&?al 'iﬂerﬂld]dG GJ;E)@%\JVérqBﬁ%r tooth

a sphere in the gel
germ isbs 8qs eashed, witly ijﬁ' @ag%*ﬁgeetpﬂmsmmtedmfm [H’B%(g)j; agdtaatelt room

tempefa iyt BB R PILE 1 STRy G SETT PR IS BOR( Surpghied with
1.2 U/EHQﬁﬁafcbﬁéem@ﬁo@qjlbﬁasé ¥ (RentiRRnB&] bFROMHS) ]I%us RAN@Howed by

between the cell's becone strong (see Fig

Washlpg)mtb]DMEM (nywifactued by Sigma) FRGEIdn@ﬁmQ@ mfé& 1 ﬁS Gaenyfactured

ensLiyqtecpRstl peed toot r epar in
by RETE e, SER el o BN R REor R 2 B ‘f’%garra% Defs hdded to

a ﬁnalmoﬁit:lérﬂﬁtlbﬁ) oB PO ahifry d@péﬂs@ﬂiertb&htg%ﬂﬂ tiksul, 4 thé @oth germ epithelial
Gelatin), A culture vessel was prepared such that DVEM

tissue pyag SuReisally senpraied glw%@ru@ﬁwﬁeé@ (Fapnfagioogddiy Terumo).
FE@% , 0.1 ng/mM L-ascorbic
[0072];0#32@? nupgg?gg&gﬁg{i&%lﬂjgﬁa and 2 mM L-gl utam ne
( nBrepérationiofxrebynsGuBeDrodts gemm eantacitd vt isingethe above-prepared
Cul t ur, serts (PET nmenbrane havin re size of
tooth g2 ekl Ariscrd BB e meres Beun sbRct od ¢ oot h
JeHTWR Smhi AR TARER@Ymal QIRWAEE c¥idcted! fidin Y i BEtrPskin
gel which is the support carrier, onto the nenbrane of

treatmend. | IDa|ltmbmicrembe émamifadtercd bythppendcs§de whighosilieome grease was

. Qut _organ.culture.., [0076), Usual ]y, I S ee .
sppiicfl RprpiiahiP e Peorn coks Srarsy an DR GlmtEEhFes by Sigma)
supplehfentadswit0 | 0%IHA rRani@k nbad by $RHY Were AHASH, DEARNcetM Wi Eollected

was carried out, a reconstructed tooth germwas_ fi xed

by cenjyifugation Frredipiisies. d divp supghaantaitee ilremedigm atesdher s,

oA 4y RO, 1 TS50 B B B

followetibe ddmpletevencsal ¢ff thelcultifre aredhinttahthihiag arcuad Vlﬁntrbﬁﬁﬂdttes of the
net hod to prepare 10 gm sections. For a hi stol ogical

cells unden 4 dereoscRBicARIGIOPPIRS UsEg GELeaden Ty § 148 1 (mpruiagyreddy

eppen?@l"f)r 'tc?%eﬁévi\ﬁ grﬁ{éﬁg 'éftiilgg?]ﬁtlﬁ gr@l?n&gg}ré? géel%qu? Bk uQ@f 3P Breph R84 bt a

reconsGnZt tGotH gbipact - EGFP) Ost14 Y01- FML31 m)use was used,

[0073} h'?o El%gttrlh dlgle to W]:\ll\llgh sdicone grease was applied, 30 pl of 2 mg/ml Cellmatrix
type[-A (manufactured by Nitta Gelatin Inc.) was added dropwise to prepare a collagen gel

droplet. To this solution, 0.2 to 0.3 pul of the above-described amniotic mesenchymal cells
16



subjected to neutral decalcification and treated with
12. 5% sucr ose (manufactured by Wako) for 12 hours and
with 25% sucrose (manufactured by V\ﬂko) for 12 hours,
were & hib@\ﬁﬁﬁi Y. e R Gﬁjarsu?a thrdd 6P R % tific plastics) t
manuf ac ur ed bggpl\/ﬁ esﬂfnc tco prepare eé}%einolnlgpas 1?15) 0
prepanehis:eﬁlaggregate;LOSnbaaqmcmgyaumg/m $t at pipoteatiyh, dlot 1oothckem epithelial

e M R P B bR SRS e o
separadiPloyl germ@pithaial tiQshe QﬂﬁcWasﬂ?t@ﬁaﬁP&Yﬂl'cﬂnﬁ&% 8 hﬁ‘séﬁcﬁﬁnal

(HE stal ning) according to a conventional neth
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where each literature, patent application or technica
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[0079] By these, according to this Example, it became clear that culturing of human
amniotic mesenchymal cells and a tooth germ epithelial tissue at a high density under
compartmentalization enables formation of a tooth having the specific tissue structure,
through an effective interaction between the mesenchymal cells and the epithelial tissue.
[0080] Thereafter, the origins of the cells constituting the formed tooth were confirmed
using a differential interference microscope and a fluorescence microscope.

According to observation under a differential interference microscope, the tissue
structure specific to a tooth, that is, from the outside, ameloblasts, enamel, dentin and
odontoblasts, and dental pulp cells at the center, could be confirmed as in the case of the
organ culture of a tooth germ. Further, as shown in Fig. 3, it was revealed that, according to
observation of GFP under a fluorescence microscope, the ameloblasts located outside the
enamel were GFP-positive (bright parts in Fig. 3) while the odontoblasts and dental pulp cells
located inside the dentin were GFP-negative (dark parts in Fig. 3).

[0081] These results indicate that the ameloblasts located outside the enamel are cells
derived from epithelial cells, and the odontoblasts and dental pulp cells located inside the
dentin are derived from amniotic mesenchymal cells.

[0082] As aresult, according to the present invention, compartmentalized culturing of
amnion-derived mesenchymal cells and a tooth germ-derived epithelial tissue enables
formation of a tooth having a specific cell arrangement. Further, it is clear that
amnion-derived mesenchymal cells are useful for formation of a tooth.

[0083] The disclosure of Japanese Patent Application No. 2007-49128 is hereby
incorporated by reference in its entirety.

All the literatures, patent applications and technical standards described in the

present specification are hereby incorporated by reference to the same extent as in cases
18



5. The nmethod according to claim1l, wherein said first
cell mass or second cell nmass substantially conprising
said ami on-derived mesenchymal cells is a cell mass
where AR AREiu, RGP Oh Br oo BB 1g Ry a0 S flauaiy
describedb® wriecdrpotateddrypefesmicef single cells. 7. The net hod
according to claim1, wherein said support carrier is
at | east one selected fromthe group consisting of
collagen, fibrin, lamnin, an extracellular matrix
m xture, polyglycolic acid (PGY), polylactic acid
(PLA), lactic acid/glycolic acid copolymer (PLG). 8.
The nethod for producing a tooth according to claim1,
wherein said culturing is continued until periodontal
tissue is formed. 9. A tooth obtained by the nethod
for producing a tooth according to claiml.
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CLAIMS

1. A method for producing a tooth, said method comprising:

positioning, in a support carrier, a first cell mass substantially consisting of only
either one of amnion-derived mesenchymal cells or epithelial cells, and a second cell mass
substantially consisting of only the other one of said amnion-derived mesenchymal cells or
epithelial cells, said first and second cell masses not being mixed with each other but made to
closely contact each other; and

culturing said first and second cell masses in said support carrier.

2. The method according to claim 1, wherein said amnion is derived from the amniotic

compact layer.

3. The method according to claim 1, wherein said epithelial cells are derived from at least one

of a tooth germ, skin, mucosa or gingiva.

4. The method for producing a tooth according to claim 1, wherein said epithelial cells are

derived from a tooth germ.

5. The method according to claim 1, wherein said first cell mass or second cell mass
substantially comprising said amnion-derived mesenchymal cells is a cell mass composed of

single cells.

6. The method according to claim 1, wherein said first cell mass and second cell mass are both

composed of single cells.

7. The method according to claim 1, wherein said support carrier is at least one selected from
the group consisting of collagen, fibrin, laminin, an extracellular matrix mixture, polyglycolic
acid (PGA), polylactic acid (PLA), lactic acid/glycolic acid copolymer (PLGA).

8. The method for producing a tooth according to claim 1, wherein said culturing is continued

until periodontal tissue is formed.

9. A tooth obtained by the method for producing a tooth according to claim 1.
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