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[Abstract] Tooth agenesis is a common tooth number deficiency that occurs in the tooth-forming process or earlier
period of tooth germ development and has a serious impact on the maxillofacial development, aesthetics and masticatory
function of patients. According to the presence or absence of systemic symptoms, tooth agenesis can be divided into syn-
dromic tooth agenesis and nonsyndromic tooth agenesis. In recent years, the discovery of new related genes, new muta-
tion sites and related molecular mechanisms has become a major direction of gene research. This article will review the
current research progress of the signaling pathways related to nonsyndromic tooth agenesis, such as the WNT/beta -
catenin pathway, TGF-B/BMP pathway, PAX9, MSX1, and the EDA/EDAR/NF-kb pathway, and their molecular mecha-
nisms. The interaction between Pax9 activating the Wnt/B-catenin and TGF-B/BMP pathways, MSX1 activating the TGF-
B/BMP pathway, and Wnt activating the EDA/EDAR/NF-kb pathway was also found, which provides a new theoretical
basis for the prevention and treatment of tooth agenesis. The molecular mechanism of nonsyndromic tooth agenesis is
rarely studied; thus, the exploration of its mechanism will become one of the main research directions in the future.
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F Vi & B 579 (tooth agenesis ) & I Il R [
WL AR R, 8 AN TR R Y e R A O
TR R AN/ B A O LA BT S BT A [
AN A B> A, 28R R S R R RO
(6.53 = 3.33) %", Jo K i A4 X & i U H o1 A A
K & UURIREL g D) BE 7 A PR AR o ARG A o BE
Ko ax BT AR, S R B AT 3 Ol S5 AR Y S R P
HARZE AR R e Rk F o AR SR G R B e K i R
IR DU 2 8 T 25 G Ak L e Rk 2 52 0
HHAAYH AR

T 7 IR B B B B, b Bz 240 i A ) 72 J5t
M Z AR 2 2 1 o0 T M 4 R S 5
oy T HARME R, TR 8 545 B 3R AL i 1R
B st A MRS, HEFIRETA
FEAS BT . SULRIE & A5 S o I R A
Nz 3 b Pz - 18] 78 BAR EAE T RO RIS e, X
— i ORI B 22 T EE R 2
ol e R 2 BB Y & A . SERBF 32
O3 BRI R G R o 1) 2 o, AR AT
SRR AL g 9] Dy G (0 1A S P s A L (0 A
s sl X e (R B gL . ARl AL e oy 1
YR KB, EA 2 EBURFE R POESE S
AR £5 45 ik B 5 KB 2F A OC, AL A A & AR 9
(paired box gene 9, PAX9) | AL 77 [A] I & JE A 1
(muscle segment homeobox 1, MSX1) | i 411 il #& H
FE£ [A 2 (axis inhibition protein 2, AXIN2) & HH
K s 53 I B Wor/B -3 R (Wat/B -
catenin ) {5 5 il {#% . TGF-B/BMP ( transforming growth
factor - B/bone morphogenetic protein) {5 5 il % Fl
EDA /EDAR /NF - kb (ectodysplasin/ectodysplasin A
receptor/nuclear factor kappa-light-chain-enhancer of
activated B cells ) {5 il % . T 1R LA 25 5 i Y
56 R tofe 2 R 5 8 ik A g At xok T g K a1 AL
il AT P i o

1 EE/UERERRIERNESER
1.1  Wnt/B-catenin 4% 5 i &

TEA N & T IR, Wnt/B-catenin {5 518 J§AE
P 208 B A o RAR Tz IR R TR IR R
B L, B-catenin AYIE £k A1 AXIN2 , WNT10B 55
HE DR AR X T S R ke 2F o N IR SR IR R
B 45 i S 5 . Wint/ B -catenin {5 53 4% 14 HL 1 £
5 LA 53 W BB HE 1, U0 Frizzled Z16 86 11 K% FE R
H H AH & 5 H 5/6 (low-density lipoprotein receptor-

related protein 5/6, LRP-5/6) ; & YK 5 i 8 H 32 &
(dishevelled , Dsh/Dvl) 5 i J8 5 A K AT 14 (ade-
nomatosis polyposis coli protein, APC ) ; H %l 11 ] 25
M (axis inhibition protein, AXIN ) ; ¥ Ji & hi it 154 i
3B (glycogen synthase kinase 3 beta, GSK3B) ; B -
catenin; FZ 55 7, A0 T 40 g K- (T-cell factor,
TCF) . ¥k B 3% 58 X ¥ (lymphoid enhancer - binding
factor, LEF ) HULFP Wnt #1670 7 A4 7 W14
By Bt i), LEF1 Fl B-catenin 515 5 43T i bR 5 32 2]
M BB A T, S BRI 7R3 R
B HERIRIE TR R F K F T I AX-
IN2 B [H ) B 15 28 2% 5, Bergendal 2T Yue SRS
JE 4B T AXIN2 JE P 5748 ] 5 BU7E £ A AR MR 25
BUERE RIS o TR T it FE i, AXIN2 752
il o 235 R ) 78 SR 2F AAS Jo 240 i v g R e ok, L
5 85 F A Wt/ - catenin {5 5 3 [ 114 21 B P 410 ]
o AXIN2 F 585 L&A T AiE HE B-catenin ) R figt 11
R ATC Wnt (9 35 A, T H: A0 e 5 728 0 AT 384 5% Wit/ -
catenin FJH L™,

A HE K A ;- - R R H A REEG RS
B AFTE WNTI10A JE [ 58748 | Zeng 557 Song 2514
SEJ5 B WNT10A (9 5748 AT 5| k2 £ 5 fiF B AR 252
A HE T 5 I 2F . WNTI0A 52 {7 T 42 £ 1k 2435
B AR S AR R A R AR SRR S5 2 TP AR
JeFRik . J3Hh, WNTI0B W # UE S22 51 K i 2 AR G
AR RE D o Yu SO HGE TR P R T R B
41> WNT10B K& A 28 48 1] L)L S Bl 28 A AR A e K
BRI SR /N RCE R L AR R, WNT10B T
AR |- e vh ik

LRP6 Zifih Wnt/B-catenin {5 5 % S G Bk it 357
RS2 G W O oY, T A o Ak Fn s 5 . 78
i 7L 20 40 400 v 2 Uk 19 LRP6 58 78 1k T B 3R 1k
S R P JBE IR e A R A v R R =X R B L
1% B-catenin , MM 520 Wnt {55 518 B 0GR,
LRP6 8 A S o N2 2B 1 4 M 1t A8 26 1 AR i

TERE LT, B-catenin AU R F] Wnt {57
I A R A B . AR RS ESL B -
catenin 5 {1 APC \ AXIN , GSK3 @ 1 £ [ 34l T 41
B EE 1A G RTETC Wit SZ RS20 N A % — o 12
FERIA AR . i T 52 31 GSK3 B ik 2 1 i 1
T S 1 W R A AU AR HI 52 0, B-catenin 12 R AL, I
HAFBEA B AL B, 235 Wnt EJE DI 5% 5%, B 2
B SRR R, B, IR AE AR S
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A Wt Z A, HOB 1 LRP-5/6 3 [7] 52 4 |, 31 % 41
it PN EBORL A 1A B, 3 B P SR A i g -
catenin f2 B PEVEH . FERLAE LT | B-catenin &b T4
VTR 2R ) Ao R 2 TR A A A% 5 20T Wnt #E
FE DR ) B SR B BRE VE R

1.2 TGF-B/BMP 1z 5 i@ %%

TGF-B/BMP {5 5 I AE IR i & B bl %5 F 2
HIPERT . TEf & & 5, B IE B HE H (bone morpho-
genetic protein, BMP) LL—Ft iy Be 4 i 1) [z 52 1) 7
A5 & b R R 78 5t 2 (8] 958 BAEF , JFAE Rl 2
ik, BMP2.BMP4 F1 BMP7 75 F 5% I fz i
A 235, BMP2 Fl BMP4 11 5 20 AR AT 4 HIAE 75 3 ) 72
F oA IR E T R 0 . BMP4 {5 578 A 14
RETITRMER R RN, 2G5 - R 55
Z A5 5 M 7> T . GREM2 (Gremlin2 ) 3 [ 2
i BMP4 (5 HLE A, 2 5 TCF-B 5 55 R E T I
KA., 124818 & GREM2 H1 ) =4~
2275 (OMIM : 608832) 5 e Kk A ik /NA JIAR A
PR GEA A K bR F B4 &8 3(la-
tent-transforming growth factor beta-binding protein 3,
LTBP3) 3 [N 4if 5 TCF-B L B S Wik, & 5
TGF-B 7T 41%% oy Wb F#a] . LTBP3 [ 248 1]
SEGRAEHE A R IR EL N, 10 ZE
AR A 20 BT RS D SER
o, Libp™ /N 58 19 Rl AU ARIE A
1.3 PAX9 & B F= MSX1 &

F 5% 3¢ B 4 58 R Bk JC F PAX9 L MSXT i [ %%
YIAH G, P 3 2 B i 0 1) B0l 0 0 K i 2 9 A
KHH . PAXO VE N PAX S5 B & B0 (1) 75 22 2 B
(21107 e S22 o ol T L B S | D S = 32
W& A A SR E , A, PAXO il o B
HESh 4 v o 5 K B AS AT Bk B A e s TR E F
RE OB, B2 R Fhrak. A2k
PAX9 FIF b3 B A7 T 14q12-q13, TEM BT EA 4
SN Gt 341 D EERR N 2.3 .4 A% IX
Horh, DNA 25 & 38 (55 4-131 7 @ 5L ) B R &
PAX9 BB [ D RR I, 2 LB RS . A
RIVIK , Fi A = A 2247 1 PAXO 2845 o7 55 A1
FERERA A BV CI TG 2P AR A, H 246
H7E DNA 25403

MSX1 J& T[] ¥ 5 JF & i MSH 0% , S f %
MY SE R 60T 45 YL IR BT 4p16.3-pl6.1, 4
TE ST S 60 N E LR K E, 5 H
YA DNA 255 fig 7 1 [) 5 S5 780 285 4] 3k 174 ) Y58 5

RIHEF A . MSX1 A& 2440 i+, Hogm 5 i 85
TR TE NG & B ok A 22 Fh 2 2 rh S Rk i i
7o A HGETE S KB R BUORR B MR &R &
P MSX 1 HE A R Bt 2 A 14 A — 1>
SSRGS AS BT ) R AR SE T AR E IR
20 Al MSX1 g A8, 2 A LR (5 R
gy, HFEEEPE2 I PRI, 5 PAX9
% 2PN R, MSX 1 98748 32 BERE e b 65 5% — 1iij 1%
oF WG R 605 i A R = A R —
IS A VT 002R — BB 2F . H MISX 1 Bk [A] 98 728 Jifr 30
TRIA G R/ mA F- -k kT
N A HE R Wolf-Hirschhorn Z5-&E™

PAXO JE P I MSX1 3 X 5 B K A ik 322
T O i 44 AR ) 78 S5 200 B A AR A A R A
KEH B AW, 3K KT T, MSX1 Al
PAXO Zii i) 1 % s I 7 R IR R — &, A it
= B 2 i R 78 S5 AR A AH ELAE T AH B2 PR
ik BMP4 7 [H] FE i P 9 ik, 5 BRI, BMP4 £ 22
EAE Y B I IR A8 A B B, JC H 2 AR AR 3
P ER I B Bt o Gerits 55" WF 5T R B, 76 MK
i, PAXO FI MSX1 5748 i LS, W1 LALE 3 B 2 4
A (A G50 R A8 A TR e FARAR E 1 =4
Pr8 Hemit b, ok g 5 8 L D RE AT 52 ), 3 BH A H:
DNA Z545 58 77 HLA W25 A 8 70 53¢ IR 1 22 1] i &
VR B B 8 G R R
1.4 EDA/EDAR/NF-kb 15 5 i@ %

EDA/EDAR/NF-«b {5 5 38 75 7F 16 % 7 i 72
| T E SRR, P YA 588 H (ectodyspla-
sin, EDA) J& (X AT RISMIR R KB A R A CEH
(ectodysplasin A receptor associated adapter protein,
EDARADD) ., i3 SR A K] 5 52 (A AH G 5~ 6 (tumor
necrosis factor receptor-associated factors 6, TRAF6)
FI1 IKBKG (inhibitor of kappa light polypeptide gene
enhancer in B-cells, kinase gamma , IKBKG ) J£ [A] SR
AR Vi R B ARG TP AR A el

EDA S N4 i p A fE G (4R Xq12 ~ 13.1 L,
SRR R AT REPEAR B, I — AR s R AR R T
SRR R B 4T, FEARI K F R EN AT
S Srivastava 55 I E A T RE Y U7 1A K R
EDA LRSS 1FIEE 2 50 8, JRAE A IR A ik it
% B /A~ 4= (hypohidrotic ectodermal dysplasia, HED)
B h R B B W % 48 . Bergendal 45
Cluzeau 5 W 4 38 1 78 56 Kk oF 8 & b &k B
EDARADD . TRAF6 . IKBKG 5245 . H il , EDA 5
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D L 58 78 A R 2 5 HED B 3% 1 63%-95% , J&:
HED 1 = ZEZUp HE H 2 Wang 4V 1H , EDA
BE A RS S ECHED n] G5 HUR 37 19 AR
A Ko FEE R R ATk DR 2k F 40 i oy Ak 32 2
DNA HEEAR 52 e AR O 20 28 1 M H 66 g o 8 A
Jei AT RIS A 0 e AR B AR . A
R R A B G AR e, 2 A T W 1A O AR o
AR F 1R DR 2 S A P 0 308 A I 22 52 3
A H H3 5 27 Do iR A = W A, B2
JE BRI o AL, R BRI T B 6B (lysine
demethylase 6B, KDM6B ) —~ 5 22 AE H /& vl LU
PR ZF 1) 78 [ 1 240 M ) 2 SRR Ak

2 ZEMEREEXRRTIEXESEEMEZE
HIBX &

FRIEERER-NERIKERFETMYE,
T+ ALHE Wit . TGFB/BMP #1 EDA/EDAR/NFkB 1%
o REWFHRR T X LR AR Z 0] 1Y 58 BRAE 31
AT EOCH, e FHEF N LTI, ik
MH , PAX9 BE1% T34 1% Wnt/B-catenin Fl TGF-B/BMP
5 3 BT A B IR LR Y R, PAX9 [k
Z B 5 2 Wnt/B -catenin 7544 P 19 35 1k AR, 11 /)
I3 Wnt 385 30 7 B8 W42 PAXO JE IR RS /)N BRL A 5
T Bt . AN AL, 78 Pax9” (/N R, EJAR 1
FEIRAOPAR B AL, #2785 PAX9 55 EDA/EDAR/NF-
kB {5518 BB A EAE A o 18 Wnt/B-catenin
F) B2 4 A5, MSX 19 B 5 s 17 BMP4 11 3=
ik, I BOE TGF-B/BMP 15 5 % AR i 55 & A
BEAN , MSX1 AT L5 PAXO A H.AEH , DA ] 344 5 HC
F B FIBMP4 %3k, Wnt/B-catenin F1 TGF-B/BMP {5
A R B R P IR BRI T EA]
MR ZR . Wnt/B-catenin BEUSIH LA T
EDA B2k M % EDA/EDAR/NF-kb {5 518
X — 3R A Wnt/B-catenin 15 PR LIZESRS

WF 9T AR 255 1k AU 5l Rk 2F 1 B0 &E R 431
ML, — 7 A B F T AR5 A v BB iR
L, o — 7 A B T R Sk s T R DL Y
KRR, AELEAAE 7Y 56 K Bk 2 S0 2 K A4y
FHLHIRA AGHER IR R E A S H
FER R A7 BR AR AR R A IR
2R 2 UL [ UM 58 1 o
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