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[ Abstract] Objective To screen the key odontogenic genes in mice and verify the odontogenic inducing effect
on amniotic epithelial cells (WISH). Methods The spatially and temporally different expression of bone morphogenetic
proteins 4 (BMP4), fibroblast growth factor 8 (FGF8), sonic hedgehog (SHH), lymphoid enhancer factor 1 (LEFI)
proteins and their genes expression in the early odontogenesis stage (embryo day 10.5 (E10.5). E11.5, E14.5) in fetal mice
were detected by immunohistochemistry staining and quantitative real-time PCR (RT-qPCR). According to the results,
we screened the probable key odontogenic genes. Then adding osteogenic inducing solution to induce non-odontogenic
epithelium cells, WISH. After 3 weeks culture of non-odontogenic epithelial WISH for osteogenic induction, the
epithelial-mesenchymal transformation cap ability was evaluated by using Alizarin (ALZ) red staining and RT-qPCR on
the alkaline phosphatase (ALP) mRNA expression level. Using germ layer recombination experiment to observe and verify
whether the screened genes can induce non-odontogenic epithelium cells acquire odontogenesis ability. The recombined
tissue grafts containing key genes were transplanted beneath the renal capsule of mice. Results The results of
immunohistochemistry staining and RT-qPCR showed that on E10.5 BMP4 protein and gene were differently expressed
in the first and second branchial arch epithelium, which synchronized the odontogenic capability transferring from
epithelium to mesenchyme from E10.5-E14.5. Though the expression of FGF8 protein and gene existed such difference in
the first and second branchial arch epithelium, there was no synchronization in transfer. The expression of LEF1 and SHH
proteins and genes had neither difference nor synchronization. So far, we considered the BMP4 was the probable key
odontogenic gene. Through 3 weeks’ osteogenic induction, ALZ red stained positively and calcium nodules were observed

in WISH, and the expression level of ALP mRNA increased. In the germ layer recombination experiment, exogenous
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BMP4 protein enabled the second branchial arch mesenchyme forming tooth-like structures after recombined with the
second branchial arch epithelium or WISH. Conclusions The proteins and genes of BMP4, FGF8, SHH and LEF1 are

spatially and temporally differently expressed in the early tooth development stage in mice. The protein and gene of BMP4

are differently expressed between the first and second branchial arch epithelium and enables the non-odontogenic

epithelium acquiring odontogenic ability. BMP4 is the possible key odontogenic gene.

[Key words] Tooth development
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Table 1 Primer sequence to be used

Gene Primer sequence (5'-3') Length/bp
BMP4 F TCTTCAACCTCAGCAGCATC 103
R AAGCCCTGTTCCCAGTCAG
LEF1 F GTCCCTTTCTCCACCCATC 108
R AAGTGCTCGTCGCTGTAGGT
FGF8 F TTGGAAGCAGAGTCCGAGTT 108

R ATACGCAGTCCTTGCCTTTG

SHH F ACCCCTTTAGCCTACAAGCAGTT 101
R TAAATCGTTCGGAGTTTCTTGTGA

p-actin F ACGGTCAGGTCATCACTATCG 155
R GGCATAGAGGTCTTTACGGATG

ALP F TAAGGACATCGCCTACCAGCTC 116
R TCTTCCAGGTGTCAACGAGGT

GAPDH F CTTTGGTATCGTGGAAGGATC 155

R GTAGAGGCAGGGATGATGTTCT
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FFR RGBT, A MR, 1 ¢ (2 ~ 3) il
Fsi e, B R
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FAEE I CK1452 b R A Re e e RGA 8 1, o b e 20 i
HIARE W . Vimentin 32223835 v 2 B2 U5 1 [ 5 o
YA I S S ARSI A B TR BH M T S8 A 1 B
Y. HWISHANAE A K 2 280%H, $5ik7] & i k4T
YA G e D Y ARG, —HTCK14 (1 ¢ 200), vimentin
(1 : 200), 37 “CH#AL2 h; PBSEEVES minx3IK; —HLFITCHR
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1.4.4 RT-qPCRA&M 54 AFEAEE (alkaline phosphatase,
ALP) By £&E  ALPZERWICE - ibr &8 br
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10 g/ mLRRIE, 5 &84 Mh 1 101 268 B, 2
BN, A /INERLRY B IR A A2 ~ 34 AT
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E1LSHHRIG ARG A, I Fase il 8505, N HEIE
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1 E9.5~E14.5BRfa R A5 22
Fig 1 Morphology of the embryos on E9.5-E14.5

A: E9.5 embryo, x1; B: E10.5 embryo (Yellow arrow: Maxillary process; Blue arrow: Mandible process), x2.7; C: E11.5 embryo, x1; D: E14.5 embryo, x1

G EEL0.5 ~ E14.55 5 21 AL e (A 45 1 [ /R : E10.50
BMP4& H R EFRIATH = LA, s — s a7
T, BB S R R RE IR . ELLSHE T IRA &
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A WLBAPE X 3k . E14.58F BMP4ARE (17 4 IF b j2 63k
ik, TEIRI TR T A 2Rk, Horh P 3R A7y T 0y PR R A
X, WE2A, FR45EEM: E10.5 ~ E14.5 BMP4&E
BB F B AR — IR b KR, i n) ] FE B A 3k o

E10.5/ FFGF8E H F 2K IA T 5 bR, 725
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Fig 2 Immunohistochemistry staining results of BMP4 (A), FGF8 (B), LEF1 (C), SHH (D) proteins expressed in the epithelium and mesenchyme on

E10.5-E14.5 of fetal mice. x100

Pek: Primary enamel knot; Dp: Dental papilla; Df: Dental follicle; Red wedge: Dental lamina thickening area ; Red arrow: Positive epithelial area; Yellow arrow:

Positive mesenchymal area

— S RIFER . 8 RS R R FE G %6 ; E11L.50)
FGF8ZE [ BRI E L 1 52 i MO IR X, [ 78 A
DL BHPE X3 E14.58 FGF8ER 178 4 i - Bz B [m) 78 ot 3%
JoFik, WLE2B,

E10.5/ FLEFIZE A6 — . M= b e
B #ik; B115R FZEFRIAAE Lk b 2, ) 5 ook WLFH
P X H; E14.50 LEF 1A FATE A IR | K e ) 78 5t Hh 2404 BH
PEX L, LE2C,

E10.5/1f SHHE I/ — 5 Sl e LR
ik, (B8 B IR 3A; E11.50) 03R4 1 s b K2 1 1 A
HERLIX, [A) 78 5o UL B X 38 E14.50FSHHZR [ £ %
KPR IR REZS X35, WLIEI2D .
2.2 RT-qPCRI&MBAFREL0.55—  Z i8S L FnE 7 it
441 BMP4.FGF8.SHH ., LEF1 & FEfy %%

H €13 7] I, BMP4, FGF8 ., SHH . LEF1JE R 7E 45 —fif
5 R FRRBE T S MR, S b

THS R, ZRE I FE X (P<0.05); FGFS,
SHH. LEF1 mRNATESE 5 |- iz k5 T 6 58 R

15 [0 FAEpi [ SA Epi
I FA Mes [ SA Mes

Relative expression of mRNA

BMP4 FGF8 SHH LEF1

[ 3 E10.584 BMP4,FGF8.SHHHLEF1 mRNAZERRRE— RS H
Fix (n=6)
Fig 3 Expressions of BMP4, FGF8, SHH, LEF1 mRNAs in the FA and SA
in fetal mice on E10.5 (n=6)
FA: First branchial arch; SA: Second branchial arch; Epi: Epithelium; Mes:
Mesenchyme. a P<0.05, vs. FA Epi; b P<0.05, vs. FA Mes; ¢ P<0.05, vs. SA Epi
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(P<0.05); LEF1 mRNATEZi—

2.3 WISHARKBIES
S5 R : WISHAN M 2 AT, K5 2 b R 4h

FEA RIS AFE . e E R R, CK1458 3R K,

DAPI CK14 Merge

DAPI Vimentin Merge

RIS RITE AR #A

Control group

Osteo group

vimentin§5 3Rk (K14A) . BB F3E G R YL lH
PE(FE4B), BV A E A S 5 WISHAI I siA545 15 . RT-
qPCREGMIZE TR, 54} FRZHAH Eb, WISHANAE AL 55
3JA]ALP mRNAZ AT (P< 0.05) .

120
@ 0 week

100 - 9 3 weeks

80 -
60 |- ol
40 |

20 -

Relative expression of ALP mRNA

Control group Osteo group

4 WISHEMRREIHWELTE (A, x100) HEFSIFRHELIRE (B, x40) RRT-qPCREMALP mRNAZKX (C, n=3)
Fig 4 Immunofluorescence result of identifying WISH cells (A, x100), ALZ staining result after 3 weeks’ osteogenesis induction (B, x40) and the
expression of ALP mRNA after 3 weeks’ osteogenesis induction detected by RT-qPCR (C, n=3)

DAPI: 4',6-diamidino-2-phenylindole; Osteo: Osteogenesis induction; *P<0.05, vs. 0 week

24 BEIRTHEY

P48 5 Bt , ] WA LR AR 7E W BB T 3 A
AN EE M AR, T BT B2 | 200 20 AR R AR L 2y
Rgf, AT UL W gL 2 T A RS AR W) S AR, gk 22 S R
([E15A ~5C) o PIBIPEXS BREEAUAT B BUE i (K15

5E). 73 B BHTEXT IRZL A S s 4] i RO A2 21, 25T DL AL
A I, AHR BT BRI B e A O 254
AN, B, HAHAR WAL FRELR (K6) .
H AR YY) i HEGL (45 8 7R (7))« BHPE X IR
H(A)MSLHLH (B, C) X nl WAL AL, 5 T W

5 BRIR TBE4E RS EBENKEE

Fig 5 General morphology of grafts after 4 weeks’ renal subcapsular transplantation

A: FA Epi+SA Mes, positive control group; B: WISH+SA Mes+BMP4, experimental group; C: SA Epi+SA Mes+BMP4, experimental group; D: WISH+SA Mes,

negative control group; E: SA Epi+SA Mes, negative control group

6 BB E4RE BT RN F RS E

Fig 6 Morphology of tooth germs formed in the grafts after 4 weeks’ renal subcapsular transplantation

A: FA Epi+SA Mes, positive control group; B: WISH+SA Mes+BMP4, experimental group; C: SA Epi+SA Mes+BMP4, experimental group
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RAIEH F 5 LRI AR A FRESS . AR
SEUG2H (SA Epi+SA Mes+BMP4, C)if Al ULHES AL i) 1l
A FREA ML, S256:2H (WISH+SA Mes+BMP4, B) it 4 s
i aerE A

HEFAHXS AR o 17 94 ZEL A T A BMUP4 14 B4 ) B 4 )
ASCRT L —SE AL ) AR BE LA, v W) A BZE A AR Y
TR, AR I A 0 A B A TR R o SZL R WL 2

i o R LIRS e e
i ,"I n" i ’ Feief e R 41’—'%\ 1 '.h.,k ﬁ
Ui SRS s i R 5
b~ e TR

B 7 BE THE4E RS EBEYHERE <20

Fig 7 Hematoxylin-eosin (HE) staining of grafts after 4 weeks’ renal subcapsular transplantation. x20

A: FA Epi+SA Mes; B: WISH+SA Mes+BMP4; C: SA Epi+SA Mes+BMP4; D: WISH+SA Mes; E: SA Epi+SA Mes. e: Enamel; d: Dentin; O: Odontoblast
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