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[Abstract] Objective To study the effect of p38 mitogen activated protein kinase (p38 MAPK) on the expression of

genes related to enamel development in the enamel epithelium and to provide a basis for the study of the molecular
mechanism of enamel development. Methods The p38 MAPK-specific inhibitor SB203580 dissolved in DMSO was
added to the culture medium of mouse mandibular molar tooth germs in vitro as experiment group, and mouse mandibu-
lar molar tooth germs treated with the same amount of DMSO were used as control group. Western blot was used to de-
tect the protein expression level of phosphorylated p38 (p-p38) in the enamel epithelium. Real-time PCR was used to de-

tect the mRNA expression levels of runt-related transcription factor 2 (Runx2), osteoblast-specific transcription factor
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(Osx), ameloblast markers odontogenic ameloblast associated protein (ODAM), amelotin (AMTN), matrix metalloprotein-
ase 20 (MMP20) and kallikrein 4 (KLK4) in the enamel epithelium. Results Western blot results showed that under
the action of the inhibitor SB203580, the phosphorylation level of p38 MAPK in mouse enamel epithelium decreased,
and the difference was statistically significant (P < 0.05). Real-time PCR results showed that the expression levels of the
transcription factors Runx2 and Osx and the ameloblast markers ODAM, AMTN, MMP20, and KLK4 in the SB203580
group were lower than those in the control group, and the difference was statistically significant (P < 0.05). Conclusion

The p38 MAPK signaling pathway can mediate enamel development by regulating the expression of the transcription fac-

tors Runx2 and Osx and the ameloblast markers ODAM, AMTN, MMP20 and KLLK4 in the mouse enamel epithelium.
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a: the arrow points to the enamel epithelium of the tooth germ; b: the area enclosed by the solid yellow line is the enamel epithelium of

the mandibular first molar tooth germ

Figure 1 The appearance of the tooth germ of the mouse mandibular first molar 2 days after birth observed under a

stereomicroscope
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F 2 (runt-related transcription factor 2, Runx2) | ¥, ‘&
A SRS S T (osterix, Osx) W FF UM 2R RELAH O¢
# 1 (odontogenic ameloblast associated protein,
ODAM) il 204 11 (amelotin, AMTN ) JE 5 4> J 75
A fifF 20 (matrix metalloproteinase 20, MMP20 ) Fl g
BRI 4 (kallikrein 4, KLK4) 5| % i JHAE W) R 4
(ZEOARAF AR, SIPIFI I 1, VKR
Y3020 L, BRI AT 1 wL cDNA | L3751 4
TSI ¥4 1 pL.10 pL SYBR Green.7 wL DEPC

Ko AR 94 °C 1 min, 95 °C 15 s, 60 °C 30
s, 40 IRTEHR . BEAEEMIEIT =W ELE 8508 R H
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Table 1  Primers for real-time PCR

Primers Primer sequence ,5'-3’
Forward : GAAATGCCTCCGCTGTTATG
fun2 Reverse: GCTTCTGTCTGTGCCTTCTTG
Forward : GGCGTCCTCTCTGCTTGAG
Os Reverse: GGGCTGAAAGGTCAGCGTAT
Forward: GCAATAGTTGGATCTATCCCAGA
ObAM Reverse : GAATGCCAGTAGAAGGAAGCC
- Forward : TGAAGATTTGGGAGGCTAACG
AMIN Reverse: CTGGGACCACTGAATGGACAG
Forward: TGTCTAAGCTCAAGGTGCCCTGTT
VIMP20 Reverse : TAAGTTGTCCATGTGGGTGCTGGA
Forward : AACCTAAGGGACAGGGCAGT
KLk Reverse: GACAGTATCGGCCTCAGGAA
i Forward : TCCAGAACATCATCCCTGCCTCTA

Reverse: ACAAAGTGGTCGTTGAGGGCAATG

Runx2: runt-related transcription factor 2; Osx: osterix; ODAM: odonto-
genic ameloblast associated protein; AMTN : amelotin; MMP20: matrix
metalloproteinase 20; KLK4: kallikrein 4

1.3 it F o

& H GraphPad Prism 8.0 %% {4 #F 17 £ 4 43 4T
FA B AT G IR0 A, Bl DL+ ARifE2E R
7N, ZHIE) FE R P ST REAS ¢ K2 36, P < 0.05 24 22 53
ALt Lo

2 & R
2.1 p38 MAPK B2 AL /K -F 89 T AL
Western blot £5 5% i 7~ , 5 AN A p38 MAPK i
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2.2 3 A F Runx2 = OSX ¥ % 4L

SER A 8 PCR &5 A o, S5 IRALAH B, 4]
71 SB203580 4b HH J 1Y Rl - Bz Runx2 1 Osx [
mRNA KX KT R, ZRASIHEE L (P<
0.01,22) ; BLBA RN p38 B AR 1k vl LA | 4 IR &
H ok R R R Bz FE S R F Runx2 A Osx 9
FKiko

2 SE B PCRAGIN SB203580 % MUl L B¢ Y Runx2 il
Osx 3K 152 i
Table 2 Real-time PCR to detect the expression levels of

Runx2 and Osx in the enamel epithelium treated with

SB203580 X+s,n=3
Group Runx2 Osx
Control 1.00 + 0.04 1.00 £ 0.10
SB203580 0.74 + 0.07 0.60 + 0.07
t 5.89 5.64
P 0.004 0.005

Runx2: runt-related transcription factor 2; Osx: Osterix

2.3 kb IR E 0 T AL

SCBT E B PCR &5 R BoR , 5 X B4l e,
SB203580 1E FH 24 h J5 , Wk L FZ2 o g ODAM
AMTN . MMP20 Fl KLK4 f) mRNA 357K -1 5 F
W, 2 BB 5 = L (P <005,%3); ZUES
JWR 2% T ok v, 4040 550 SB203580 1T LA 71 [ 3 45 A
Rl A MUAR R Rk

3 03 i

il B2 % B A2 53 S0 43 W R G T A T RE B
155 e 1= i O e R < I e e |
IRl 1 A5 Rt B R o 2 1 2E AR B A5 1A [ 4

(P=0.002) (K 2); 20 SB203580 n] il il /) B
R BB B2 p38 MAPK I #iEBR L

The phosphorylation level of p38 in the enamel epithelium of
the SB203580 group was lower than that in the control group; p-
p38: phosphorylated p38; **: P < 0.01 vs. the control group
Figure 2 The phosphorylation of p38 in SB203580
treated enamel epithelium was detected by Western blot
B2 Western blot il SB203580 4k B fr) i il |- K¢
H p38 MR AL A2 1k

&3 SAE B PCR KN SB203580 Xt HURl - K2 H ODAM
AMTN . MMP20 Fil KLK4 23K [t 5 1]
Table 3 Real-time PCR to detect the expression levels of
ODAM, AMTN, MMP20 and KLK4 in the enamel epithelium

treated with SB203580 xX+s,n=3
Group ODAM AMTN MMP20 KLK4
Control 1.00 £ 0.10 1.00 £ 0.01 1.00 £ 0.04 1.00 +=0.11
SB203580 0.39+£0.05 0.13+0.01 0.52+0.09 0.44 +0.01
t 7.445 69.87 8.629 8.847
P 0.018 < 0.001 0.001 0.001

ODAM: odontogenic ameloblast associated protein; AMTN : amelotin;
MMP20: matrix metalloproteinase 20; KLK4: kallikrein 4

WA MMP20 D B2 it fin Ty Jot 2 1, ARl 5T 4 4K B 1)
AR TSI B 1 Rl 40 i U2 T R R R 1Y
FeIR, IF s KLK4 DAY bRl 5 )23 A il 5 35 o 2
P11, b s Rl 2 6 2 i o 2 ] Ay P R T el
o st A 4 A0 T o EL R R JEL R 00 {6 il o A )
AT B WFoE R, /N ERUT A — B F
(ARl T R T 2B IR 1~ 2 d, R Ak ok
W40 0 A1 5 — BB oF F IR BA N BTSRRI R &
(IR FERREAIL o T S 56 1 P M 1, Ak 2 d
NSRRGSR — B 8 F IR T ) 1 o R, TR e A
FEREFE A 2 d I ICR /N BUH T 39256 22

i WF 5T LW, 4041 57 SB203580 £ )3z W H F
AP SIS 5E , HAT 3 o 5 p38 LAY ATP A3 5 55
Mg A, DR H] p38 MAPK AYMEAL G 1, AR5
50 % 1] p38 MAPK #1157 SB203580 X {4 #h K F+ 11
JIN BT A0S — R O R R 4T AL B . Western blot 4%
SRR, FEAM R ) SB203580 FUAE R , ikl [- Kz
p38 W IR Ak 25 171 335 F [, X Ui I SB203580 BELIET T
ANEUA R Rl 2 v p38 MAPK {5 -3 i 5 [A] B
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/NERH Runx2 AR [ 53R 0] S 3T BE M A G R B
3R AR Runx? 8 4% a5 2 S 20508 &
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FZEFL o X R 5T 85 11 ODAM Fl AMTN 7£ Fl
BB B i BoA AR . 8 E R MMP20 A
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AR AT 0 BMP i 338122 ASHIF 58 90 461 4 R
Fili I Bz p38 MAPK {55 538 % % il B & 1 AH G 3
R 228 152, (H R #R 5T p38 MAPK i 72 X 7 ik
B 1 Hz o BMP 23k 52 ), DR I A 4 )i
WX AT 5T 434, LA IR AR EK p38 MAPK {5
538 R BT R R A A AL

AW 38 AR A 3 TR N BRF IR R p38
MAPK 15 5 18 % 0] 38 i< 98 45 iRl [ iz % S R 1
Runx2 . Osx M W Fill 48 B 4% 3% %) ODAM . AMTN |
MMP20 1 KLK4 1) Kk 2R A T |, X AR

530 B R 4Rl BT A A B B AIE S A A L
TR FING ST K R e B2 458 Rl TR S fe
HARYE .
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