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[Abstract] Dental and craniofacial bone development is a highly coordinated process that is tightly controlled by ge-
netics and influenced by complex environments. The abnormal regulation of many development-related signaling mole-
cules may lead to abnormal tooth development, severe craniofacial bone formation disorders, and developmental deformi-
ties. Transforming growth factor- B3 (TGF-B) is widely expressed in vivo and participates in many cellular biological pro-
cesses, showing complex regulatory roles in mammalian craniofacial bone growth and tooth development. In tooth devel-
opment, abnormal TGF- signaling can lead to the failure of tooth germ formation, and its deletion mutation can directly
affect odontoblast differentiation and enamel formation defects. However, the current research on TGF- 3 mainly focuses

on the early stage of tooth development, and a comprehensive and systematic study of TGF-B-related tooth development
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is lacking. TGF-B signal transduction mainly controls the development of teeth and craniofacial bone by regulating the

expression of development-related molecules via the classical Smad-dependent signaling pathway. In addition, the non-

classical mitogen-activated protein kinase (MAPK) pathway also participates in this process. Abnormal TGF- signaling

may cause jaw development disorders, temporomandibular joint dysplasia and inflammation, and cleft palate. Because

the specific regulatory mechanism of TGF-f3 in craniofacial bone development has not been fully elucidated, its specific

application in the treatment of related diseases is also greatly limited. This paper describes the new research progress of

TGF-B in the development of teeth, jaws, temporomandibular joints and palate as well as related diseases.
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A H: K H - B (transforming growth factor-3,
TGF-B) 1% TGF-B1.TGF-B2 M TGF-B3 = Fh ¥
RIS AR —Fh o W AE VR 1, TGF-B AR SR E M
B W R A AT AEAT 52 0 TGF-B 5 5 1Y
HRAR AT RE A AT RHE . b, TCF-B 5
ST A OGB4 (temporomandibular joint os-
teoarthritis , TMJ-OA ) & A= & Jié 155 B AH ¢ JF 7] BE 1K
HFEBR RIS, TGF-B 75 =% A s %=
FlE R B IS R C T

SR 2 b B AR e B A AR TR R
P uN R D T TN D e SRR o S o
H L 28 R v R P A Y 2 Ml b B B T T Y 1) 5
T 2H R, T8 IR T WY, R AS B A R B A 2 A
HAFHATFIEL . TCF-BILTFSH5FLEMN
FRA BB, SR B TGR-B 15 5 BB T 20U
FIRKF R, HA, TGF-B 3 A @5 25 FHL A%
T A 5T A L 43 DA T 3 0™ F 118 2 A% JBT 0
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S L ECL L (2 s

1 HBEWTCF-RIES

1978 4F, De Larco 45 73 5 1 —F i (i 41 ity & Y
RAEACR LR 5, JF A 24 8 R AE KR 7
1982 4, Anzano 55 A& Bk Ffr“ PR AL K K17 02 —
ol R TG 1 R L O B UK HoAir 44 O TGF-B Y
TGF-B A 4 $08) H AR 1045 = id i, HAN A5 5 5%
FAERLAR 324K Smad DL K S KV A5 AN ] )23 1H 32
G PR AR, SRR TGF-B A2 A 45 M AR 1
#J TGF-B 1 A4 3Z 4K (type I TGF-B receptors , TBRI) Fll
TGF-B Il 13z {4k (type 1T TGF-B receptors, TBRIL ),
TGF-B & J55 TRR I it [m] I — R AT & B 5
A TR SE R AN BAAL ) TRRIS , TRR 11 37 R i
M2 A TBRI I A5 235 14 $u v (1% 22 22 2 5k & A T B
TRRI, TRRI 4% T R AR ZLWi IR AL T i (5 5 S8 M
Smad2 1 Smad3 "', X ZH Smad 1 #% g 32 (A4 15
1Y Smads (receptor-regulated Smads, R-Smads ) , iX 4&
R - Smads 5 & [6] /9 #f B A Smad £ 1 (common
Smad , Co-Smad ) Smad4 JE i = AR E 54 5 A%
P45 Fh L R 235, 1T Smad6 FT Smad7 1 LA il R-
Smads AR AL , T LA PR by 31 ] ¥ Smads (inhibi-
tory Smads , [-Smads ) sl
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2.1 TGF-BA55 5 F A FtH

25 AR J5T ER (8] 8 5T 40 M A 8 R B IR L, TGF-B
Z 57T 4 kB LR - 58 SO 5 AE R IFEAS
B B AN TR e ab i s ot LRI SE R B,
TGF-B1 = B3 3k I 45 B A o 48 i 1) 26 R 73 A A
M RZ I A A ™, 1y R TGF-B {55 1y 2k
S R, Smad4 A5 1 TGF-B 15 5 i 4 5 1l %
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Tl 20 B 53 W copine-7 &5 H , M copine-7 i 1 |- J7 -[H]
FE A EAR I A B A /. R 1-C
(nuclear factor 1-C, NFI-C ) 42 5 — Fh 4 55 4 A i 40
JL 3 5 AN 3 AR OB 1, T NFI-C i BT 387K 1
5 TGF-B R {55 1 B% A9 G0 4% . Zhang 55
W& B TGF-B 1 38 8 BTG Smad3 {5 MR 2 A 3L
Sk R BCF A B A . BFSEER ML, TGF-B1 i
T /N BRUEARZF 3L Sk 4 b BCE AR AR AR b
Pl , T AE K A= A/ B 3L Sk 40 2R v U RS A s Y
YEH X Fh 22 5302 1 5 Smad2 1% 5 13 A & 15 A R
FI-7 PoE iyt X AT BB B T RS TGE-B XS AN [
20 i BA AN [ B A AR B A P BE

22 TGF-BAz5 5 TR s,

R bR 20 Y B, TE R 1Y TGE-B AR5 X
TRl BOE SR LA AT A TGEF-B R A 5
R 10 TGF-B 45 & % A (latent -transforming growth
factor beta-binding protein , Ltbp ) JE I 76 &2 &4,
Libp 285 TGF-B 1) 70 3 M A7 &, 1M TGF-B
G A 1 (TGF-beta activated kinase 1, Tak1) A {Y
J& TGF-B Y N5 570 7, i J& MAPK i B ) L i
PAmEY . ST SR, Libp-3 RAS/NR I A R A &
ANa 0T R A0 A TR Tak 1 (A5 A B S BT /)
B VAR B & B R, A, Smad7 RER /)N B
FH A M h Smad2/Smad3 {5 54 B 30E DI ™ 5 45
T LA IR ), A R ECF A RN B E
WD Rl BRI, TGF-B i A i 42 3L 3%
i A7 Smad4 55 1 B2 - 18] 72 50 AH HAT H , Smad4
FAFER R /N RO R TR EM AT AL
R Rt A A DS R - 3 U 3 o T
RY[Y TGF-B A5 538 % [ 422 ) 45 lURh 40 il 431677
LAk, TGF-B1 34 i i MARK 3 i o (9 40 i 405 5
U 17 B 1/2 (extracellular signal - regulated kinase ,
ERK1/2) {5 5 #1if achaete-scute ZZ 1% bHLH %% 5%
F 5 (achaete - scute family bHLH transcription factor
5, AcslS) %6 5%, AcslS J& — Fl A A Fl 0% 11
RS RF FERR R B A, TGF-B LI AR
S 8 T T Rl 200 M 45 A A OG0 R TR SRk
WY Fhitis AT A

3 TCF-BESHEMB B TMXTELEREMEX

e dR B R 1E A

3.1 TGF-BEARF % 5 FAMFMXT KA A
AR A R E YRR TR A T R 2R

Qb 5 A R R A, S R A O TR
R G A8 2 5B A A0 R AL A A1 R A 3 R AR 43 AR
i A U 55 T T 5 K O T B B CE AN Y Libp
F 25 TGF-B 1 73 WA FNETG A OC , Libp L R 1 5
Thfa 23 H BB SR T R R, I e ) AR 4K
BORE B . T Libp3 A9 35 P 2848 2 S 8 A
W EB ALV TR >

[E1R5/ €7 2N W E 2/ 9 e o IS R N W e
TR A A5, o R A TGF-B AT Y e ta
A 531 e 2 X - B ik DR 9 o IR 28 £ A 54
I 4y 8 B A S 2RI 1 R 43 A R A, B ¢ 3 R
TRE BN EEAR™, TMJ-0A EZ LN
Sk AR AR 3 5 2 O R BRR 28 AR R Ak, TMI-OA #1
R T TCF-B1 Rk TH &, MECE T & it #
K TGF-B1 £ FHEUBUIR R ACE B4 . SR IMI7E 1 48
JL A 25 5 A0 TMI-OA 20t rr , 386 0 %37 0 - g )
RNA miR-140-5p AJ FL 5 ] Smad3 M fij FAIK TGF-
B3 ML, — I EL I TGF-B AR YT M5
F W], TGF-B X 1A TMJ-0A X5 #i BAT R4 1k
FEF 100 % B 301 TMJ-OA &7 8 T I 25 4™,
BT TCF-B AR B R AT M EE/EH , 4E
K, — 22z 3F Xt LA TGE- B AE Ry il 3 R 7 1 CHF 4l
LT RRIAT T KEMR,
32 TGF-BZHFFE5MEAIMTMALT LA Fo

TE AL S IG & & 1, TBRL AT TRR 1T X &
(I8 W AE P AR H 28, A VR i B TRR I 3%
DAL 19 70N B8 R R O R SRR
/N BUR 22 s 40 B b TRR I Y S PRI 2k 1% & B 8U™
(1) P90 T O R B T A 5 0 20 i TR R ) it
R FEOF R F IR R G088 2 S b RO
HOE SR R TR, BT /RS B R B P
B EIVER , TGF-B 32 1A S35 At 52 M AH DG B0 1 &
AR TERE R R E R B A 7S T AN
(bone marrow mesenchymal stem cells, BMSCs ) 19 1%
oA H E IR AKCT BRI, S 2 R A N, 7] B i A
D) T G5 TGF-B1 RIE ™ i 7 0% IR 2h )
REARL e 3 TRR 1A% = 1% 3 BE 4 5t BMSCs 1Y )i
B3 AL [ I AE 2% BMSCs 1Y 55 2% JEAE 3 # S
B AA
33 Smad & @ R#&EFHHMETEMFTMELT A
F Ak A

Smad & 142 TGF-B {75 38 [ 5 8 2 %0 8
M2z —, K88 45+ A 6] 32 2 43 5 R -Smads , Co-
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Smads F1 1-Smads 3 MW Z %', Smad & A FiETE
R Rl kB W ) 5 AT 23 (R R R E) Y R S
PECY S ANB IR THEEEAR /NS
Smad3 1748 547 K, Smad3 Bk N2 T HOEAR
IRk, B TMJ-OA BER AL i 7 TMJ-0A
RS H BN 5 miR-140-5p A LA 48 Smad3 1Y 3
PkUT Al i 3k TGF-B1 Al 3G Smad2 i % I
VLA N AR 10 43, XA B T aE 1
TERE . SR B R 1] S Ak i 7 35 9] o
1 BE Ey 0 Smad2 55 B8, 5 25 35051 1 B B
RN 25 Fh o R

4 TCF-BIES5RHMAEBEREMEKR

TE IS 9 il Bl — 2 W b R A0 ) S8
R 1) SE B2 I, TERS SRl v, S Hh R B B AR Y 1S
SN M %% I K7 (medial edge epithelial , MEE ) 41 Jitg
RATHR | b -8 T B AL AR P R AN AT T, I
ZLNHEGETPIH AR B2 2 TSR A& K
W | B, g B 2 ) phy e 2 Uk A M G A% ) Ak B
B, Takl /& Smad AR5 S NS 2 & h i
P T FE M LI R , Tak 1 BRCSEAZFZMR T
MAPK 3 i AT BR824, TRR T Yy k2%
F 3 TCF-B2 M Z f& ik /K F- T+, TBRILTRR 1T
DL K Tak 1 i) 5AA% 5 55 AN 1 RE RS B R TRR 1T 278 /)N
B A ) 2 SR e g

BT AT FEIESE , TGF-B KR 1 119 5 58 fil 5 A G
BN R IRHN K F0 5 TCF-B 15 5 M1 FEAE H 1/
ST EABEEERNRE . TCF-B3 31
MEE 40 g 8 7= )2 5 58 filt & Fr b 75 19 10, R 45
543 F Smad2 () 1 35 AT 1 MEE 48 g 94 7 A Tii 4R
FTGF-B3 2k AL S H /N RIS 2L /N EUIR
Jifi 2 5] 7T 5 (mouse embryonic palatal mesenchyme,
MEPM) i iixf 5 5 K B W2 e E 2, fE2
2 F IR T 1/ BURZ 2P, Smad2 5 1K B I 4 Y
RNA R AR 5 BE A 3 19 B A T 1 Smad2 £
A I MEPM 40 U450 2,3,7, 8-PUG K
I BT 51 TGF-B )3 8 7~ BE AL R 52 9 Smad
55 5 T A ) MEPM 40 it 4% 5 | B & 5 501
ZLE A ST TR U R L i MEPM 41 i o
TGF-B1 S Smad2 B335 , 2 01 FH HE A Pig fek 25 48
BT Az LR AT R

Hopl 22 RS0 i e K1 & B W E W5 TGF-B
ESREAHL, Loeys-Dietz ZEAF (Loeys—Dietz
syndrome , LDS ) J&—Ff 4 5 717 52 B 118 e AR ik

P 387 25 45 4L 295 , 81080 3 B Ok =5 3 ko An 3 ik
i IR AT BE DL R R A R S S, TGR-B
T 5 A G I PRI 28 A8 DA K 2 LDS & i 7 2 (1)
LR, B TRR I 2875 1 Je i iE 3Ly LDS 1Y
BRI FEA R R BT, TGF-B2 . TGF-B
3. Smad2 il Smad3 £ [A 28 45 ¥ 7] 1 5 LDS £ 5%

e

5 & iF

SF A B B 2w AR AL AN A 2
HRTHEFE R . TGF-BAESF (AU i B A
55T LA, b R G REEAE R . TGF-
BZHAMAET , JUH Il Bt b F A B i IE 1L
DM ARk 1F 2 5 28 R H AH I S 5
Oy RO B X S RS S TCF-B IR 5 2
IFEAEAH AR . AT TGF-B (i 2k 58 25 LA I AR
FHTI2A5 5 00 5 1 DR 2R 0TI A 3 AU B3 it
KN EBESH . 5% MTCF-B {55 8A R 5 TMJ-
OA % 1= e i BE AR G, SR T BARAE FH LA B
eoE e, F L TCF-B R S MGG KT R
LT C 2 EAT T RIS, fE AR, BEE 5T
AR, HAE TMJ-0A i HAR AL T 58 o 1 B .
TGF-B A5 5 1EN5 5 & B A [ [ B i 5 8 i 422 410 ml
RE T B 2 & A o TR, LU TGF-B A 13
T R HA TR T — sk, Wik, &
ISR XS TGF-B A7 5 L Y42 2F L2 ft i & & & HLfi b
AT, LU oA A B TG 7 4 (B Ao
[ Author contributions] Cai L wrote the article. Xie J, Zhou XD re-

vised the article. All authors read and approved the final manuscript as

submitted.

S % 3k

[1]  Manlove AE, Romeo G, Venugopalan SR. Craniofacial growth: cur-
rent theories and influence on management[J]. Oral Maxillofac
Surg Clin North Am, 2020, 32(2): 167-175. doi: 10.1016/j.coms.
2020.01.007.

[2]  Kindberg AA, Bush JO. Cellular organization and boundary forma-
tion in craniofacial development|J|. Genesis, 2019, 57(1): €23271.
doi: 10.1002/dvg.23271.

[3]  Morikawa M, Derynck R, Miyazono K. TGF-B and the TGF-3 fam-
ily: context-dependent roles in cell and tissue physiology[J]. Cold
Spring Harb Perspect Biol, 2016, 8(5): a021873. doi: 10.1101/csh-
perspect.a021873.

[4]  Xiong Y, Sun R, Li J, et al. Latent TGF -beta binding protein- 1
plays an important role in craniofacial development[]J]. J Appl
Oral Seci, 2020, 28: €20200262. doi: 10.1590/1678-7757-2020-
0262.



b

O ERIAE 2024128 305 £128

- 888 - Journal of Prevention and Treatment for Stomatological Diseases, Dec. 2022, Vol.30 No.12 http://www.kqjbfz.com

[S]  Long E, Motwani R, Reece D, et al. The role of TGF-$1 in osteoar- [20] Li S, Pan Y. Immunolocalization of connective tissue growth fac-
thritis of the temporomandibular joint in two genetic mouse models tor, transforming growth factor-betal and phosphorylated-SMAD2/
[J]. Arch Oral Biol, 2016, 67: 68 -73. doi: 10.1016/j.archoralbio. 3 during the postnatal tooth development and formation of junc-
2016.03.004. tional epithelium[J]. Ann Anat, 2018, 216: 52-59. doi: 10. 1016/j.

[6] Li W, Zhao S, Yang H, et al. Potential novel prediction of TMJ - aanat.2017.10.005.

OA: miR-140-5p regulates inflammation through Smad/TGF-( sig- [21] Xu C, Xie X, Zhao L, et al. The critical role of nuclear factor I-C
naling[J]. Front Pharmacol, 2019, 10: 15. doi: 10.3389/fphar. in tooth development[J]. Oral Dis, 2021: 14046. doi: 10.1111/
2019.00015. 0di.14046.

[71  Zhang W, Shen Z, Xing Y, et al. MiR-106a-5p modulates apopto- [22] Zhang J, Zhang CF, Li QL, et al. Cyclic adenosine monophosphate
sis and metabonomics changes by TGF-B/Smad signaling pathway promotes odonto/osteogenic differentiation of stem cells from the
in cleft palate[J]. Exp Cell Res, 2020, 386(2): 111734. doi: apical papilla via suppression of transforming growth factor beta 1
10.1016/j.yexcr.2019.111734. signaling[J]. J Endod, 2019, 45(2): 150 - 155. doi: 10.1016/}.jo-

[8]  Nakajima A, F Shuler C, Gulka AOD, et al. TGF-8 signaling and en.2018.10.008.
the epithelial-mesenchymal transition during palatal fusion[J]. Int [23] ALTS, Chiba Y, Yoshizaki K, et al. Transcriptional regulation of
J Mol Sci, 2018, 19(11): 3638. doi: 10.3390/ijms19113638. the basic helix-loop-helix factor AmeloD during tooth development

[9] Li J, Parada C, Chai Y. Cellular and molecular mechanisms of [J]. J Cell Physiol, 2021, 236(11): 7533 - 7543. doi: 10.1002/
tooth root development[J]. Development, 2017, 144(3): 374 -384. jep.30389.
doi: 10.1242/dev.137216. [24] Cibi DM, Mia MM, Guna SS, et al. Neural crest-specific deletion

[10] Lee YS, Park YH, Seo YM, et al. Tubular dentin formation by TGF of Rbfox2 in mice leads to craniofacial abnormalities including
- B/BMP signaling in dental epithelial cells[]J]. Oral Dis, 2022: cleft palate[J]. Elife, 2019, 8: e45418. doi: 10.7554/eLife.45418.
14170. doi: 10.1111/0di.14170. [25] Morkmued S, Hemmerle J, Mathieu E, et al. Enamel and dental

[11] Zhang Y, Zhang H, Yuan G, et al. Effects of transforming growth anomalies in latent- transforming growth factor beta-binding pro-
factor-B1 on odontoblastic differentiation in dental papilla cells is tein 3 mutant mice[J]. Eur J Oral Sci, 2017, 125(1): 8-17. doi:
determined by IPO7 expression level[]]. Biochem Biophys Res 10.1111/e0s.12328.

Commun, 2021, 545: 105-111. doi: 10.1016/j.bbrc.2021.01.076. [26] Liu Z, Chen T, Bai D, et al. Smad7 regulates dental epithelial pro-

[12] Machiya A, Tsukamoto S, Ohte S, et al. Smad4-dependent trans- liferation during tooth development[J]. J Dent Res, 2019, 98(12):
forming growth factor-B family signaling regulates the differentia- 1376-1385. doi: 10.1177/0022034519872487.
tion of dental epithelial cells in adult mouse incisors[J]. Bone, [27] Yang Y, Li Z, Chen G, et al. GSK3p regulates ameloblast differen-
2020, 137: 115456. doi: 10.1016/j.bone.2020.115456. tiation via Wnt and TGF- pathways[J]. J Cell Physiol, 2018, 233

[13]  Almegbel AM, Shuler CF. SMAD2 overexpression rescues the TGF (7): 5322-5333. doi: 10.1002/jcp.26344.

-B3 null mutant mice cleft palate by increased apoptosis|J]. Differ- [28] Lekvijittada K, Hosomichi J, Maeda H, et al. Intermittent hypoxia
entiation, 2020, 111: 60-69. doi: 10.1016/.diff.2019.10.001. inhibits mandibular cartilage growth with reduced TGF - 8 and

[14] Huang XF, Chai Y. TGF -8 signalling and tooth development[]J]. SOX9 expressions in neonatal rats[J]. Sci Rep, 2021, 11(1): 1140.
Chin J Dent Res, 2010, 13(1): 7-15. doi: 10.1038/s41598-020-80303-3.

[15] Okubo M, Chiba R, Karakida T, et al. Potential function of TGF-f [29] Kantaputra P, Guven Y, Kalayci T, et al. Expanding genotypic and
isoforms in maturation - stage ameloblasts[J]. J Oral Biosci, 2019, phenotypic spectrums of LTBP3 variants in dental anomalies and
61(1): 43-54. doi: 10.1016/j.job.2018.12.002. short stature syndromel[]]. Clin Genet, 2022, 102(1): 66-71. doi:

[16] Schepers D, Tortora G, Morisaki H, et al. A mutation update on 10.1111/cge.14134.
the LDS-associated genes TGFB2/3 and SMAD2/3[J]. Hum Mutat, [30] Man C, Zhu S, Zhang B, et al. Protection of articular cartilage from
2018, 39(5): 621-634. doi: 10.1002/humu.23407. degeneration by injection of transforming growth factor - beta in

[17] Vander Ark A, Cao J, Li X. TGF-B receptors: in and beyond TGF- temporomandibular joint osteoarthritis[J]. Oral Surg Oral Med
B signaling[J]. Cell Signal, 2018, 52(52): 112-120. doi: 10.1016/j. Oral Pathol Oral Radiol Endod, 2009, 108(3): 335 - 340. doi:
cellsig.2018.09.002. 10.1016/j.triple0.2009.05.001.

[18] Jinping Z, Qing C, Wenying S, et al. Overexpression of constitu- [31] Ye W, Yang Z, Cao F, et al. Articular cartilage reconstruction with
tively active MAP3K7 in ameloblasts causes enamel defects of TGF-B1-simulating self-assembling peptide hydrogel-based com-
mouse teeth[]]. Arch Oral Biol, 2017, 84: 169-175. doi: 10.1016/j. posite scaffold[J]. Acta Biomater, 2022, 146: 94-106. doi: 10. 1016/
archoralbio.2017.09.020. J.actbio.2022.05.012.

[19] Li 8, Pan Y. Differential expression of transforming growth factor- [32] Xu C, Xie X, Zhao H, et al. TGF-Beta receptor Il is critical for os-
betal, connective tissue growth factor, phosphorylated - SMAD2/3 teogenic progenitor cell proliferation and differentiation during
and phosphorylated-ERK1/2 during mouse tooth development|[J]. J postnatal alveolar bone formation[J]. Front Physiol, 2021, 12:
Mol Histol, 2017, 48(5/6): 347 -355. doi: 10.1007/s10735-017 - 721775. doi: 10.3389/fphys.2021.721775.

9733-4. [33] Zhang P, Zhang H, Lin J, et al. Insulin impedes osteogenesis of



b

OREEMFERE 202246128 $#30% F 128
Journal of Prevention and Treatment for Stomatological Diseases, Dec. 2022, Vol.30 No.12 http://www.kqjbfz.com - 889 -

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[42]

BMSCs by inhibiting autophagy and promoting premature senes-
cence via the TGF-B1 pathway[J]. Aging (Albany NY), 2020, 12
(3): 2084-2100. doi: 10.18632/aging.102723.

Xiao D, Wang R, Hu J, et al. Spatial and temporal expression of
Smad signaling members during the development of mandibular
condylar cartilage[J]. Exp Ther Med, 2017, 14(5): 4967-4971. doi:
10.3892/etm.2017.5186.

Meier N, Bruder E, Miny P, et al. Expanding the spectrum of
SMAD3-related phenotypes to agnathia-otocephaly[J]. Mol Genet
Genomic Med, 2020, 8(4): e1178. doi: 10.1002/mgg3.1178.

Mori H, Izawa T, Tanaka E. Smad3 deficiency leads to mandibular
condyle degradation via the sphingosine 1-phosphate (S1P)/S1P3
signaling axis[J]. Am ] Pathol, 2015, 185(10): 2742 -2756. doi:
10.1016/j.ajpath.2015.06.015.

Ding A, Bian YY, Zhang ZH. SP1/TGF-B1/SMAD2 pathway is in-
volved in angiogenesis during osteogenesis[J]. Mol Med Rep,
2020, 21(3): 1581-1589. doi: 10.3892/mmr.2020.10965.

Zhang Y, Ji D, Li L, et al. CIC-7 regulates the pattern and early de-
velopment of craniofacial bone and tooth[J]. Theranostics, 2019, 9
(5): 1387-1400. doi: 10.7150/thno.29761.

Roth DM, Bayona F, Baddam P, et al. Craniofacial development:
neural crest in molecular embryology[J]. Head Neck Pathol, 2021,
15(1): 1-15. doi: 10.1007/s12105-021-01301-z.

Twata J, Hacia JG, Suzuki A, et al. Modulation of noncanonical
TGF-B signaling prevents cleft palate in Tgfbr2 mutant mice[J]. J
Clin Invest, 2012, 122(3): 873-885. doi: 10.1172/JC161498.

Liu J, Chanumolu SK, White KM, et al. Transcriptional analysis of
cleft palate in TGFB3 mutant mice[J]. Sci Rep, 2020, 10(1):
14940. doi: 10.1038/s41598-020-71636-0.

Lei R, Zhang K, Liu K, et al. Transferrin receptor facilitates TGF-

[43]

[44]

[45]

[46]

 and BMP signaling activation to control craniofacial morphogen-
esis[J]. Cell Death Dis, 2016, 7(6): €2282. doi: 10.1038/cd-
dis.2016.170.

Ke CY, Mei HH, Wong FH, et al. IRF6 and TAKI coordinately
promote the activation of HIPK2 to stimulate apoptosis during pal-
ate fusion[J]. Sci Signal, 2019, 12(593): eaav7666. doi: 10.1126/
scisignal.aav7666.

Liu X, Zhang Y, Shen L, et al. LncRNA Meg3-mediated regulation
of the Smad pathway in atRA-induced cleft palate[J]. Toxicol Lett,
2021, 341: 51-58. doi: 10.1016/j.toxlet.2021.01.017.

Chen Y, Liu X, Liu X, et al. Correlation between TGF-{2/3 pro-
moter DNA methylation and Smad signaling during palatal fusion
induced by 2,3,7,8-tetrachlorodibenzo-p-dioxin[J]. Exp Biol Med
(Maywood), 2021, 246(18): 2019 -2028. doi: 10.1177/153537022
11012288.

Rafi SK, Goering JP, Olm-Shipman AJ, et al. Anti-epileptic drug
topiramate upregulates TGFB1 and SOX9 expression in primary
embryonic palatal mesenchyme cells: implications for teratogenici-
ty[J]. PLoS One, 2021, 16(2): €0246989. doi: 10.1371/journal.
pone.0246989.

Velchev JD, Van Laer L, Luyckx 1, et al. Loeys-Dietz syndrome[J].
Adv Exp Med Biol, 2021, 1348: 251-264. doi: 10.1007/978-3-030-
80614-9_11.

(4R3E  3KHE)






