440+

[ pr sl 5415401201448 7H www.gjkqyxzz.cn

#HUERKEFBIERSERLE

AW FRik
OEAEFAEEREALRE EHOBERBEZNIM (0 K%E) KH 610041

HE] kAT, 1S5 FE (MEE) JEUEHhEE (MES) | S MESREIE R e s ila o, Hhfe it
KT (TGF ) B37EMESZY i AL rf R AR AT B . TCFB3HIEMEEANIE & 4k F e —Tal e L (EMT) & HRTMES
SURHLHIBFFE IS . TCFB3E P13 1 I B R AL (1 Smad2 15 Smadd & & R B AR BENLRE -3 -3 (PLK) 5%
S, LI O 2 AR S R LR D 2 1 AR 2 RIME S R R S S i DA L S RS TR EM T R . A
SCHE RN TGFB3FE R TEMES 2 it B I . A 00155 30 B8 DA OGRS i Ji A — &5k

(K@i RN T; Fhss; FER—REE; 55 S

[hESES] 0786 [XEEERER] A [doi] 10.7518/gjkq.2014.04.017

Transforming growth factor B3 in the development of palate Li Li, Zheng Qian. (State Key Laboratory of Oral
Diseases, Dept. of Cleft Lip and Palate Surgery, West China Hospital of Stomatology, Sichuan University, Chengdu
610041, China)

[Abstract] During palatal fusion, the epithelium that covers the tip of opposing palatal shelves adheres, intercalates and
thins into a single-layer medial edge seam(MES). The disintegration of the MES results in the confluence of the palatal
mesenchyme. Transforming growth factor(TGF)B3 is essential for palate development, especially in the late phase of
palatogenesis, in which the palatal MES disintegrates and mesenchymal confluence occurs. Regulation of medial-edge
epithelium(MEE) cell completion of the epithelial—mesenchymal transition(EMT) by TGFB3 has become the primary
concern of the fate of MEE cells. TGFB3 activates the transcription complexes of Smad2, Smad4, phosphatidylinositol-
3-kinase, Lefl, Twist, and other transcription factors to regulate the palatal EMT program. The function of TGFB3 gene
in the MES disintegration process, associated mediated signal transduction pathways, and related research progress are
summarized in this paper.

[Key words] transforming growth factor; medial edge seam; epithelial—mesenchymal transition; signal transduction

pathway

TENS K AR AR R, 2 WS S 775 7 L5 KRG . A KMESHY R AL 44

HRER Bz, 5% 1 (medial-edge epithelium, K, HA LI EW &, TGFB3RETERE &4 &
MEE ) JEifE 4% (medial edge seam, MES) , AT E . ARSCE L TGFB3SE R fEMES Rl &

111 MES 21 2 S U TR &, AW MES Rk AR R RI GO T Bk A — 253, DU URI 1
WO S B 2202 e A AR T (transforming W TGFB33E RS A v R BE ™ A2 Y EE R IIR YT

growth factor, TGF ) B3{FE N Xf AZAELE G AEYE ",
JEI524 (non-syndromic cleft lip and palate,

NSCLP ) WF5R e RN 2 —01, F2AEH T 1 TGFB3EREREZLEFHIER

[WcFs EL#E] 2013-05-15; (G HHA] 2014-01-15 TGFBE I HA T I A 15, al ey
(BETE] HEARRYILS (81070498) ZFRVAEPIIRE, TEANNES . k. TR . B
(#EERA] 50, Bl Email: 1i_lil9860601@163.com BT DL SRR e A AL 2153040 55 T 1T & 4545 T

BELIEE] e, #0%, ML, Email: 2q652@163.com BEH . WAL SIW I TGFBE H A TGFBI |



[ B B 22 A%l 25 41 4 4 1) 2014 5 7 /]

www.gjkqyxzz.cn

TGFB2FITGFB3 =FEEHAL, A 71%~76% 14
W75, TGFB3ZE T AH14q24, K/NN
43kb, FONHNETMIANAINE T, HAT 2t
YiEEohie, RIS AR T AA HEER
1.1 TGF33L B3 T I5 ak b AT bk
TGFB3&E I7EfS KB fEd, JUHAEMESH
fiff B B 1) A5 5 2 Sl B A S MES 58 U 18] 5T 1)
Ao IR A PR SRR ARE TR,
TgfBRNA WA A B ERZES A LES,
Tg/B1EEFIH R G BRAEAR IR AT RISE T, Tg/B2
FEB R /N R g WY, 1T Tg/B3 3R
F /N B BRI 2 . Tg/B3 IR g /N il
IR P — T T S P S Ak R MRS 2 FEAR SN SR AR
B (EEXG ) RS B IS 5 I A SN IR M
TgB3AEEH , HIZHAS, W4T I U A
Fig BHLIT Tg/B3 LR, AT BH - s il e FR )
XERRW, TGFB3XERTENS il G i A AT sl
IFEH
1.2 TGFB3# F ZEMESELAE + 694 Al
1TERGEL11.0~16.5d, TGFB38&E [I7EHIE LKA
[ B RIE A, 7E11.0~11.5d, RN FAigEK
W, FERSSE F R R DA B TGFB3 & ;558
ks K, 7E13.0~13.5d, BS54, TGFB3
EOERR EEhEERE; £14.0~14.5d,
MEEZH i % A BB BEMES,, TGFB3%E [ 1458
Z1; 7£15.0d, MESTFIRZ4MFE, MEEZH % i
/b, TGFB3#HE U FRA TR b 4%, 7615.5d
B, TGFB3&[1FRAT S M5 E A AK
WIBTE:, BIARE16.0 diF, TGFB3ZE[(IKFRERZ
FUBRE; 7EARR16.5d, b R—AJE%54k (epithe-
lial—mesenchymal transformation, EMT ) 58)i%,
MES5E 224, TGFB3HMAHKA . Hitnl WiEfE
KA, EMEEREMT i i B% A9 i1,
TGFB3 % [ 3R ik i A AIel,

2 TGFB3ZEHNFEMTiI#E

EMT/&MESZLfif 1Y G5t . 76 4 A 4m e =2
], F&Z¥5%EE T (epithelium-cadherin, E-
cad ) ZHRIEEMTIIFHIET, TGFB3%E (i i Hifs
S Sl BRI S EMT, FRAKE-cadfi £k,
MESZL#IE /N b Bz B, e 2858 1 ] JoT 1)
4. TGFB3%E [118 iz Smad #1118 B% A SmadIE 4K
SR 3 B VR AR L A AR 3 5 X ( lymphoido-

441+

cyte enhancer factor, LEF ) 1FI§4-25[1 (snail ) 2§
N FEMTI R
2.1 SmadfR#IHAZ 5 438 5%

TGFBf5 5 £ B &l id Smad FK N T, %K
E A TGFBRB R IR S 5 i 1 B Z AR5, 5 = A A%
PN, R K i ) R T A R DR S
TGFB3f5 518 i i 2 L 1 Smad2 5 Smad3 5 Smad4
WE ARG R 2, BIGLEFIIEH, LEF]
FEN 5 E-cad 5 A s 45 G OIS EMT

TEMEEAN I & A= EMTHAI],  F S SCSE R B4R
% G R A 1 41 B AZ AN B B - B B 1R 2 B Ik
EMT, HEIfERE k4w, TGFB3%E KK Tp-1%
PR T, 1 i Smad 4 {5 53 B Y 1%
T HAZEITGFB3E I LLEFIE T, 4R
{E{EMEESE I EMT., Smad4FILEF1 | i 0] Fibs &
B, AZB-EREMMLN. ETGFB3&E
AAFAERE, Smad 24K 1H 78 41 I 5 AS B Bl o g
1k, dARORYER: FRIEZS, B HA (55401 ]
DIAMEGR B TGFB38E 1. 7ES kA, TGFB3#&
[ 38 3 W R AL () Smad2-Smad4 B SR/ S LEF1 5t
% % . AN S BB Smad4 N EM Tt 72 57 5] 411
Hl, AP SmadB UG LEFIE T, FIHEMTHYHR KL
, THLEF V& 1% 56 5 7 1936 M X LEF 1 2 [ 3&35
Whn, {E e sE EMT -, TGFB3% [ i
Smad2-Smad4-LEF 1 {5 5% 338 B0 I MEE
E-cad A7, B-cadflii /5| EMESHRIE h -
R, BARVITATIS 5 bR BEM T RE s il 1 ¢
FIRA

Hii, TGFB3# [1i# 1 TGFB3-Smadf5 7

S % N R UL IS R AE R T L, BT
E— 5% Smad-LEF 1 25 [ 52 & AR 307 1) AH 6 3k
o TGFB3# 118 1 A Smad i i 15 575 518
P FEMTI R
2.2 SmaddFRBMEAZ 545 A

TGFB3 % 118 14 B R 1k ) Smad2-Smad4 2 &
IRAG SR o5 5 e Sl B2 5 & A-EMT,
[FFE, BEIRMENLAEE-3-1 7 ( phosphatidylinositol-3-
kinase, PLK ) FIP38{¢ 22 R 5T 4 1 ( mi-
togen-activated protein kinase, MAPK ) %5t 7] fg
SR R, TGFB3E H AIPT K A AEE 1o 4 7
M. iEE 1 (slug) . E12/E47. SmadtHHAEM
#E1 ( smad-interacting protein, SIP) 1. ¥Ef5E-&r
F 254 M UEHE (zine finger E-box-binding
homeobox, ZEB) 1ZEFAAIHIMERN (twist ) 2555



442

SR HAZ S E-cad4i sy, HIE-cad i 557 10,

TGFB3 4 e G i B BuEPLK, PLK
T PRSI T W AR FRL AR (rat sarcoma,
Ras) £ [1- KRR EEFEE M (Ras homology,
Rho ) #IEMAPKE#, HiLLY-29400241 il PLK
75 Pk R IS & R0V, TGFB3%E 14 FPLK A
SRS PSR SR A L R 1 A
e a4 B, P3ISMAPK R K, HE
TGFB3%E 1405 FIP38MAPK AL H i i A 143
AR, AR U IR TR BRI EMT (1) 5 22 5
H, EhEETEMAZATMMEENE Y, 7283
filG e e Rk IR N, /N THERNA
MR IR, W EA RER o Yo S50,
TGFB32E [1 7] AE L PLKGH B BTG HIh & 1, i
2R (R RS A AR

B E ORI, TGFB3HE 1E0E 2R & M
FISIPIEE SR SR (A2l PLKI#E R ) 5 Smad4
T RE G, WEFE-cad)s 8T 1 E-box BTl il
H 45 . TGFB3HE [ 0 i 2F 85 F AT STP 1
Sk PRI E-cad, MTMTEFMESKAEMT,
BrownZ§Mk I, 4 J@ SL i 2 (1252 TGFB3 3
RIS RO e, Bt RV TGFB3 8 i
GRS S, ER s P aes AT R
IOPEENSE DA

3 TGFB3ZEBS5MESH#H1H

TENS A sE R, MESZY A J2 1 g4 1 56
B, M TGFB3%E FA7EMES 2L fift 1o i o A Bl m ke
H HTMES 2@ ML (A 58 A B & B, Ahmed
USRI, TGFB3ZE 11175 5: MEE4H i J&] 3 BH i
i JEMEEAN AT RS , T A e 300 4 i R PP B T
SE R R R Bl . A AiTIAk, TGFB3ZE AT
ME S Z&fiff 2 — PP Y & A 34 SR T A% H ST 1Y)
1. Tordanskaia%EUSUR B, GBS HIAY 4 i
EMT, G,siMIZ0MNIFEPEsET:; TGFB1&
P p 1505 IR 5 | RS 240 i J) B BEL Y, TGFB3 &
S EMT RGN FL FFEAE T B an e ke s, J
fibfs 55> RS 5 HAEE.

4 TGFB3EEZTMSRRREMEXE

FERNESEUITE DL SR G BRSO N - SR TN I Tk i v
e HL TR AG I 124 4 NSCLP B 5 bt frh & 3, v

BRI B2 E 25 41 45 4 0] 2014 48 7 ]

www.gjkqyxzz.cn

ANBINSCLP 5 TGFB3JE N Z 8% UIA G . ARIL
HESEUSINF 170 N NSCLPRZ L R B2 Y 51 DN AR A
AT T TGFB3BEA M IE BRI ( cytosine adenine,
CA) B P4 ZAVERRI, BI7EF] A5 8
RSy 360 R B A TR A X S B A B B R B, TGFB3
FHMCAE L J7H 28 SNSCLPTE X ; (A,
MATTHE 12 FH 5% 28 Jy SE A G RH G 2 A6 56 49 M Bk %
M, TGFB3XEHMCATE L TH 2 En] fe 2 E
HRAH XA & HENSCLPII GRS R & . Suazo4Eo)
FEXT A FINSCLP B K HACHE I #iF 58 o & 3R
TGFB3X:N ) £ 51 5NSCLPA % . Kim%5R0%k
P, whE ABFINSCLP S TGFB3REH 1 SfaN1 £ 25
PEA OCHK, (HIEX] 7S£ R [ 48 fINSCLP & 4
AT B TGFB3 LI SfaN 1 2 A PRI R & B H 5
NSCLPIEEA Ko X [a—f7 st B SR A [F]
HZE S, LT NSCLPHR R 9 & 2k, ] sk
FHREAG . WA R I 2 5.

5 N

NS ME S AP ESET, B JEEMT,
TGFB3 7N &AL hES 2 A AT 60y . TGFB3
A 3 B R 1K 9 Smad2-Smad4 & A A FPLK [
SEEE, [FNTEELEFL ., FHEhE (A R
155 Z P55 e S R 1 S LA 5 0 PR e & 98
FISFEMTAERE . R At TGFB3 & M 1 15
S A IR P 5 R AR EMTSE IS Al G B A
D EIETE, (BRERKREE KR AEEMESX
R b Rz e ] ELA S X TGFB3 8 11 AR A I &
AU AR AR s R, ZEIGRAFSE T, TGFB3J:
DRI 1) 22 250 5 115 24 Stk B F 9E 45 SRS AH T
FIRES e bR DA SRR A B A9 AN R
K b, TGFB3JLH 518 &AL MVE FPLEIES
E— 2R .

6 SECHK

[1] Nawshad A. Palatal seam disintegration: to die or
not to die that is no longer the question[J]. Dev Dyn,
2008, 237(10):2643-2656.

[2]  Yu W, Ruest LB, Svoboda KK. Regulation of
epithelial-mesenchymal transition in palatal fusion
[J]. Exp Biol Med(Maywood), 2009, 234(5):483-
491.



[ B B 22 A%l 25 41 4 4 1) 2014 5 7 /]

www.gjkqyxzz.cn

(3]

(4]

(3]

(6]

(7]

9]

[11]

[12]

Jugessur A, Murray JC. Orofacial clefting: recent
insights into a complex trait[J]. Curr Opin Genet
Dev, 2005, 15(3):270-278.

Kaartinen V, Voncken JW, Shuler C, et al. Abnormal
lung development and cleft palate in mice lacking
TGF-beta 3 indicates defects of epithelial-mesen-
chymal interaction[J]. Nat Genet, 1995, 11(4):415-
421.

Sun D, Vanderburg CR, Odierna GS, et al. TGFbeta3
promotes transformation of chicken palate medial
edge epithelium to mesenchyme in vitro[J]. Develo-
pment, 1998, 125(1):95-105.

Jalali A, Zhu X, Liu C, et al. Induction of palate
epithelial mesenchymal transition by transforming
growth factor B3 signaling[J]. Dev Growth Differ,
2012, 54(6):633-648.

Nawshad A, Medici D, Liu CC, et al. TGF beta3
inhibits E-cadherin gene expression in palate medial-
edge epithelial cells through a Smad2-Smad4-LEF1
transcription complex[J]. J Cell Sci, 2007, 120(Pt
9):1646-1653.

WRIREH, Bk R B A2k 1K ] 7-B-Smad 538 B 7E
B B I, PR H B RS, 2008, 35
(6):650-653.

Cui XM, Shiomi N, Chen J, et al. Overexpression of
Smad2 in Tgf-beta3-null mutant mice rescues cleft
palate[J]. Dev Biol, 2005, 278(1):193-202.

Peinado H, Portillo F, Cano A. Transcriptional
regulation of cadherins during development and
carcinogenesis[J]. Int J Dev Biol, 2004, 48(5/6):
365-375.

Kang P, Svoboda KK. PI-3 kinase activity is re-
quired for epithelial-mesenchymal transformation
during palate fusion[J]. Dev Dyn, 2002, 225(3):316-
321.

Xu X, Han J, Ito Y, et al. Ectodermal Smad4 and

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

443

p38 MAPK are functionally redundant in mediating
TGF-beta/BMP signaling during tooth and palate
development[J]. Dev Cell, 2008, 15(2):322-329.
Yu W, Kamara H, Svoboda KK. The role of twist
during palate development[J]. Dev Dyn, 2008,
237(10):2716-2725.
Brown GD, Nazarali AJ. Matrix metallopro-teinase-
25 has a functional role in mouse secondary palate
development and is a downstream target of TGF-$3
[J]. BMC Dev Biol, 2010, 10:93.
Ahmed S, Liu CC, Nawshad A. Mechanisms of
palatal epithelial seam disintegration by transforming
growth factor(TGF) beta3[J]. Dev Biol, 2007, 309
(2):193-207.
Tordanskaia T, Nawshad A. Mechanisms of trans-
forming growth factor § induced cell cycle arrest in
palate development[J]. J Cell Physiol, 2011, 226
(5):1415-1424.
FEIENE, N, R, b EARHESG S IE RIS
HETGFR3IZATEMR R[] MR EE R 7
i, 2003, 37(5):415-418.
RVTHE, AT, ¥, 55 Fefbd KIAFp3 5 2
SIS RCHR O R E ], P EAE
filtREZ%AE, 2009, 20(6):346-351.
Suazo J, Santos JL, Scapoli L, et al. Association
between TGFB3 and nonsyndromic cleft lip with or
without cleft palate in a chilean population[J]. Cleft
Palate Craniofac J, 2010, 47(5):513-517.
Kim MH, Kim HJ, Choi JY, et al. Transforming
growth factor-beta3 gene SfaN1 polymorphism in
Korean nonsyndromic cleft lip and palate patients[J].
J Biochem Mol Biol, 2003, 36(6):533-537.
X5, XUER D, HfEE, 55, TGFR3JEHSfaN1 £ 4
PESARLESAETE I 5 2 003844 5 B (0], v 56
ARG HNRIZRE, 2008, 19(2):152-155.

(ARICRSH E0)





