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opdA2. xobd ] (dental epithelium)@t 2]of
%7+ (dental mesenchyme)2] A} @ 2-gof ]5jA]
o]Fo]x) 11, W B2EA (molecules) @} A1}
(growth factors)7} o]e] ofoh= Zow IHA
Aok’ olajet Aul-F7tY A5 &g (epithelial-
mesenchymal interaction)2 %7]x]o}a] ef2hAy
(early tooth morphogenesis)oll Al Bmp42] W o]
ofafA] Z2HHF

Bmp4+= TGF- familyol] Z3t=E]o] 9131, %]
ol =% (tooth inductive potential)& Z]O]'*J'
1| (dental epithelium)olA] *]o}57F (dental
mesenchyme) 22 Hdst= & A2H(growth
factor)©1tF. Bmp4= Aol A A 11.590f 2]
ottt o] (dental lamina epithelium)ol Al B & 7]
AlZFste] WAY 12,590 AlotEtd o= T Hd
o] o]'Zsto] XJolFtd o] PHSHA HE
?l_q_Zﬁ)'

Bmp4= 30—t E A2 A A oA A
oFE ol A Msx13y Msx2, Pitxl, Pax9, Barxl
o] AT HeFA A A (enamel knot) 2] AL, A+
22| X= Pitx29t DIx29) 'Id2 2dsh= A
o8 B, B35 S (chick)oll A= Bmp4
7} 2ot (dental lamina)olA] W= 2] ¢Fo} %]
ob7t A EA vty HuEn?, 2 Zo=
7128 = (cichlidae) @t A&7 (teleost) oA =
Bmp49] Ado] 2|opAet ghedo] gl &35}
A oF@ A 2] (polyphyodonty) o]F-¢l F2]74
%9 (rainbow trout)e] 2o
A Bmp42] ¥reo] B E| Qe

Ty oA A s otz et EEl e

oA Bmp4oll Tet A= 27T ol A oheF
SHA BAalEo] glov; 2ot "t Aol A Bmp4©]
AFHIE FrolE 4= ik, T2R=s & A2 4]
ofe] P T4, MBAE IS HHESH= ohFg A

X

(dental papilla)®ll
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4 F2Q ohLelsHEA TS Ao Ho}
TPl Bmp4e] FAPYE A ur o

A 2Py

A=

ofm g7 HHE7A ] & AN Al
#] normal amphibian medium (NAM)o[|A] vl F
sttt AdA == wjFet &7 0]E Nieuwkoop
7} Faber'”9] Bl ma} ]l (tooth germ)7} &
A= A]17]¢] stage 555-H 56, 57, 59, 62, 66, ©]
A A (G F 689)0] FEOA fE HAE
G

Total RNA F&

Stage 35/369] otz 74t TEAN R I
A Hst] total RNAE FE5F9 T RNAE &
A5zl fisf okz e 7at EANF2] &S Trizol
(Invitrogen, USA) &R A Fafjsto] o+ H
= e 3 A2oA S5ED WHSART. 1 7
chloroform& d7Fslo] 25t 5 thA] AlLoj A 3
EZFEREAI71 L A RSkl ¢ ]-Erﬂf?} 3T
oBof| isopropyl alcoholE H7Fotal A-20A4 1
AR & LAl este] total RNAE 3 L*]
21tk AAE total RNAY 70% alcoholE A 7}s}
AZeletglet. olg7 dojdd RNAE 260m
oA spectrophotometer=® A &5ttt

r{m o

cDNA &4

Total RNA 3ugell Random Primer (0.25ug
), 10mM dNTPE ¥ 65Co4] 158 WA
T dgoA 5EIF Eot. o] 5x First-Strand
buffer, 0.1M DTT, RNaseOUTTM Recombinant
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Ribonuclease Inhibitorg Y1l 42°Col|A 28 Hh-2
AZ1 & SuperScriptTM TE 23 thA] 42°C oA
50 HEAIZ]A 70°CoflA 1523t 7FEste] Rh-g
= TEAA cDNAS A3l

PCRE 0|83t Bmp4 3=

cDNA 1ugoll 10pM Bmp4 primer (Forward:
ATC GAT GCC ACC ATG ATT CCT GGT AAC
CGA AT, Reverse : CTC GAG ACG GCA CCC
ACA CCC TTC CA)®}t 10x PCR buffer, 25mM
MgCl2, 2.5mM dNTP, 2.5U Taq polymerases 4
1 PCR&}SIE. PCR ¥E-g-2 95C oA 1023t #1<]
SEaL, 95 CoAlA 18, 54TCoflA 182, 72°ColA 18
E¢F 3435 F712 AT ohg 72°CollA 102 &5
FFAIAZIAL 15C R FAAZT

cRNA probe &4
Holzl PCR BAHELS pBS 1T vectoro]] ¢t
S sequencingS Ittt dojH pBS 1I-
Bmp4 plasmidE ClalZ ZA= t}3- T3 polymerase
& Bmp4 antisense riboprobeZ &5t

ZA A7

2|8 7F 3= &7 0l 9157915 MEMFA
(10% formalin, 2 mM EGTA, 0.1 M MOPS, 1
mM magnesium sulfate)ol] 1A]7F 5¢t A0 A
TAT T 0%, 95%, 100% we-eo] 43 &
-20C Y50 BHasloint. o2 xyleneo 2 &
Be o wEtES AFAIA whetyof Aufstod
AFeel AW(12 pm FA)E ARG F 37C
Eeto|E X704 3 Bt AEAIZ T

In Situ Hybridization
A2rst 22AW-E Lemaire?t Gurdon'® o] ®t

H& 55t Bmp4o] Fde WEst7] 915ty in
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situ hybridizations AA|stAct. dH-E ghpa)
A (hydration) & AH & 4% wjetE2otdsiol=
ol AR, QAEH o7 A & 3 ng/

ml proteinase K& 37 CoA] 10+ 5t A &5H%
t}. Digoxigenin® 2 H¥A|H Bmp4 cRNA probe
& hybridization §HC=2 3 pg/mlo] =2 3
Aste] Aol T2 & 60TCoA 16417t &t
hybridizations A5t th. Hybridizationo] &t
% hybridization €422 10537F 60CA], 50%
formamide™} 0.3% CHAPSE *2gHsH 1X SSPE
LRof| 60CANA 1087 23], 25% formamidex}
0.3% CHAPSE Zg3t 1X SSPE &<of 37T
Al 1087F 298], 0.3% CHAPSE 233 1X SSPE
gdof] A2oA 1ATHESE A& ST ool A
alkaline phosphate—conjugated anti—digoxigenin
antibody (Roche; 1:2,000)E ©]-&3s}o] 4Co
Al 16A1ZF &QF Houh-g-2 AA|stalrt, | Rt
& T Fof AHsta BM purple—alkaline
phosphatase substrate (Roche)& ©]-&oto] H-&
ARt ohg Aol A 16A17F &t sttt T
AAAS 1t F eosinC 2 158 SoF g2 dM
< APt Axiophot F8&An]H (Carl Zeiss,
Germany)2 ©]-&3s}o] &S tF2, color view
II 92" 7t 2 (Soft-Imaging System GmBH,
Germany) = AF1E g5kt

a3t

T & 26097 =i= stage 5404 oFA AHli=
FAEA @k Bmp4o] AL EZFS] =, A
w7t 9428 F38 T T4 HEHA ‘E%‘Zli’r
(Fig. 1A, B)

T4 % 3894 H=s tage 5601]*1 2|opd =
X]HH‘— ot
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A1) (outer enamel epithelium), *]oF-5(dental
papilla) @] X2 o]Fo]x QItt. o] Al7]|
Bmp4i= Z|oHrollA 718 ZskA A = glar 85t
72| opAku] of A m|eFslA] T E| Ick(Fig. 1C, D).
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Fig. 1. Bmp4 expression at stage 54 (PF 26 days; A, B)
and stage 56 (PF 38 days; C, D). Bmp4 is not detected in
the presumptive dental epithelium at stage 54 but Bmp4
expression is shown in the dental epithelium and mesen-
chyme at stage 56.

T T 4194 =& stage 5714+ o714
(dentin matrix)©] FAJE= Al7]o|tt. o] A]7]of|A
T Bmp4 9] W@ 78w et 2okl A
H A FAFLE ZJorg-FollA ZsHA e
2| opgul ol A mofotA] |EE = FHOE stage
563} ARSI THFig. 2A, B). 74 & 4594 5=
stage 5991 4+= A WA 2]ofd o] F|ZF A F ¥
2lord o] 27t A== Al7lola A HA 2ot
Qo] Z|oto| A Bmp4e= o)A stage®t vzt At
X 2|ohgoll A ZotA WA E AL vPER| oY

T o] A mofstA Hd = }lok(Fig. 2C, D).
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Fig. 2. Bmp4 expression at stage 57 (PF 41 days; A, B)
and stage 59 (PF 45 days; C, D). Bmp4 is expressed in
dental epithelium and mesenchyme at stage 57. In the
dental epithelium, Bmp4 expression is only observed at
the tip of the bell. Bmp4 is strongly expressed in the odon-

toblasts but weakly in the dental epithelium at stage 59.

4 & 49UA] =)= stage 62°] 3 WA Z]otd
9] i]o} oA Bmp49] HH-L X|of-Fof A ZFsHA
TEE QA oo 1 Tdo] AHEE= &
Aoz o]H 9] stageet FAFSHA TEE Ytk (Fig.

)

74 & 58UA| E]E= stage 66014 A HA 2]o}
HO| Aoh= Aerzoll F2tE o] Yl WEE = Al
Zlolch. AR Ao] Z|otol|l A Bmp4e] Td-2 vt
2o 5 YehtA] & Qlovt A& 24 uf 2ot
ge FoolA 1 drdo] mlofetA] TEE QI
=4 QO] Aotell A Bmpd= Aot-Foll A ZstA
AE LA, ZJopdu]o A= vPZz|op oA 1
o] PrahE] ik (Fig. 3C-F).



CHEIP 2R E1E1R) A 402 H12

el on

Cka = E

Fig. 3. Bmp4 expression at stage 62 (PF 49 days; A,
B) and stage 66 (PF 58 days; C-F). At stage 62, Bmp4
expression is similar to previous stage (stage 59) in the
tooth. At stage 66, Bmp4 expression is reduced in the
first row of the tooth, and Bmp4 expression is observed
in the dental epithelium and mesenchyme.

FAFQ ofme7t WEAA = A Et
714 Q1 o]Zo](tooth replacement)& Sh= THF A
EA4E 7 AT EEA, A AA A
o] AT W=, o] A= g X ot
Aol vehdt), oz ek WEse 2ot
AR Do x|oto] FHEZof| A Al2|ote] siFst
A 49| Xoprt YA, ofmalFIat HhE
M Q] 2ot A Bmp4+ THA]7](lamina stage,
stage 54)ON| A= A= ] et ot, BAHA 7] (cap
stage, stage 56) °]F-oll= Bmp47t WA= 7| A2t
Shelek. A o] Z|otol| A Bmp4= Z]ota3tel
A ZgsHA I = gl o, 2lopdu] o A= ml ot
s = s HE ol g 7ol 18
o] 24H It EA €O |ote] XotFTh oA
Bmp49] W@ A Qo] Z|opet 2 W At
= Yetilou ZJopdaof A= AA o] 2]otet
thEA 11 o] A4 E ]l
0] Aopd AT oA Bmpd= Z|oH g of
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A o] ARElo] AolEdoR o5k 4

stage) oAl BAFA] 7] (cap stage) 2 o] P wof H
F 224 (enamel knot) 9] FAAT Msx29] Tg
€ f=ote Ao BuEgh”. 242844
(tissue recombinant experiment)Z} Bmp4-soaked
beadsE ©]-8&35F A olA Bmpd= SHFZEZ] oA
Pitx]&, Aoz AN A Piex2s AASIAH. 3 W
A o}71u]Z(first branchial arch)oll Al Bmp4E <]
Alotal& o Adu 22 oA Dix2= FAastl ot
TR A of| A= o WSkrE UERER] 9%k
0. Pax9 532 AAE AF 2] FHFEH A T
A 13,590 AorE3tAelA Bmp42] Hdo] A4
&0} Pax90] Bmp49| Hd& FAA7
ot B st e, skete] eh (incisor) 7F @4
= $1A] o)A Bmp4 AAA1A 2 4 noggine A
25t Barx1o] SXtFolA LRAE L Y+ ofF
Y(molar) 2 AP H Tt Eustgct.

(chick) 9] Aol A= #A]7](lamina stage)
of FeEjetA o g Z{FEO| Aue}t FARE X2 E
et elout & 2] A 7)o Z]obt(dental
lamina)oll A Fgf83} Pitx27F TAE QI X|ob-f-F
B A Msx1 Msx2E ALt Barx13}t Pax9
gho] W= it X]o} Aol Fofsh= Msx¥t
Msx22] 9rd-g &01517] $151e] Bmp4 beadE #
AN A AT A3t Msx 13 Msx22] Wa-2 Bmp4
of oA FE =LAl Pax92] WA Bmp4ol o5H
A AR = At ERF HOl A= AA7 o A=
RO Bmp4 &} Fgt42] A 2ol eJsiA] lopdu €]
2lotE3td o 2 ) (invagination)©] ¥+= Z& =t
olstAH?. 71227 (cichlid) 9] X|ot= F@P 2o
(homodonty)©] 1l ©}& A 2] o}(polyphyodonty) &
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OtZ2[7Hit S 7i72(9f 2[0F LYol Bmp42| &

AoF?. 7] 22) 3} 2] ufof| A]
UL Bmp47t 2]ote] 917
S AT BIH AT, Z o F(releost) ol A
Bmp4+= & uEA o] A (preinitiation) o = 2 =] A
eekar, WA 2 7] (initiation) o= Z[opgwof| A T
AE]7] AJAFsto] A 7] (morphogenesis) ofl+=
Aot of F7EolA BAlo HAS A, T
A 2] 01791 2] 7401 (rainbow trout) oA Bmp4
= Ao o A= T w2 ekekar, AuiE@ gl

A 7|2} 2ot 7ol Z]obiF F-flol A Bmp47t
FP kY B s, o]e} Zo] Bmpd= thok
g 5529 XopH Aol A Bmp4o] HWHE-L
2R gol el o] Fo] 2L Bmp4 2] A= st

o] Zlotd/dol AAlete AR dHA lon of
Ze)7t EEITE o Sk Al otel M Bmp4
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ABSTRACT
Bmp4 expression during tooth development of Xenopus laevis

Ji Soo Hong, Byung Seok Ko, Yawei Cheng, Yang Liu, Byung Keon Park, Young-Hoon Lee

Department of Oral Anatomy, School of Dentistry, and Institute of Oral Biosciences,
Jeonbuk National University

Bmp4 exhibits expression patterns throughout tooth morphogenesis and is involved in positioning the sites
of tooth formation, initiating tooth development, regulating tooth morphogenesis, determining tooth shape,
and promoting the differentiation of tooth-specific cell types. However, little is known about bmp4 expression
during tooth development in Xenopus. Bmp4 expression was examined by in situ hybridization during Xenopus
tooth development from 26 days post-fertilization (PF, stage 54) to 58 days PF (stage 66). Bmp4 was not shown
to be expressed at stage 54 before tooth germ formation. From stage 56 to 62, bmp4 expression was observed in
the dental mesenchyme, dental papilla, and outer enamel epithelium. Bmp4 was expressed strongly in the dental
mesenchyme and weakly in the outer enamel epithelium. At stage 66 (58 days PF), bmp4 expression was not
detected in the tooth ankylosed to the maxillary bone; however, the transcripts showed an expression pattern
similar to the previous stage in the successive tooth germ. These results suggest that bmp4 may play a critical

role in dentin formation during tooth development of Xenopus laevis.

Keywords: Xenopus laevis, tooth development, Bmp4 expression
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