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Hedgehog % [A £, § Sonic Hedgehog (Shh) | Indian Hedgehog (Thh ) Fl Desert Hedgehog (Dhh ) 3 i iE %Y | H: e Shh Jz
Thh AT il 33 Z R 2 5 & AT, Shh £ 22 5 R Tl fe , 07 Thh 3 22 70 80H N 3 # v & #4550
HEVE . Hedgehog {5538 % £ Hedgehog {5 5 2 1 BL & . Patched (Ptch ) 32 {4 . Smoothed (Smo ) 5Z 45 A% P 7% 5%
F 22 i 5 JRE A G g ik [N W] U 2B 1 (glioma-associated oncogene homologue , Gli) Al T Ji7 418 3k A 45 L 774
Hedgehog {5 *5 38 % H1 Gli 3806 Ja 45 , 17 JE HL ) Hedgehog 5 5 222 f Pich . Smo 45 845 . Shh 7€ K- 5 #E 8l Py ik
6T U R s 2 R AR 24T O, BES R A Ak A2 T TR B T AR Y A A S B L D R R DL R
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T R AR 1 18 5 R B, Thih 78 B P9 R A I TR 3Rk FERT AR AR B R TR AR Preh B AS &R
# H (bone morphogenetic protein, BMP) [ FRih K TE T Py AL R 5 I AULIA ARNT #£ 45 1 (brain and muscle
ARNT-like 1, BMAL1) Al 3@ izt 5 Prchl Al Thh 254 , 4 15 Hedgehog {5 538 B , 7630 I A0 G 15 19 HCH B ORI
BB A B rp R P B AE 5 1T Hedgehog 15 5 S800 771 T LA 035 1t BMALL 2% 512 /) R 858 B i i 2> . Hedge-
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[ Abstract] The source and process of mandible development are significantly different from those of other bones in
the body, and abnormal development can lead to various bone-related diseases, seriously affecting the quality of life of
patients. In recent years, the role of the Hedgehog signaling pathway in bone development has received increasing atten-
tion. The Hedgehog gene includes three subtypes: Sonic Hedgehog (Shh), Indian Hedgehog (Thh), and Desert Hedgehog
(Dhh). Shh and Thh can participate in bone metabolism regulation through various pathways, with Shh primarily involved

in limb development and Thh playing a key role in endochondral osteogenesis. The Hedgehog signaling pathway includes
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Hedgehog signaling protein ligands, Patched (Ptch) receptors, Smoothed (Smo) receptors, nuclear transcription factors,
glioma-associated oncogene homologues (Gli), and downstream target genes. The activation of typical Hedgehog signal-
ing pathways requires the involvement of Gli, whereas atypical Hedgehog signaling is mainly regulated by Ptch, Smo,
and others. Shh regulates various biological behaviors during early vertebrate embryogenesis, such as organ differentia-
tion, neural stem formation, stem cell differentiation and proliferation, limb bone development, and tooth germ develop-
ment. During the process of bone cell differentiation, Shh, Ptchl, and Glil are expressed in osteoblasts, further promot-
ing the differentiation of bone marrow mesenchymal stem cells into osteoblasts and chondrocytes. IHh plays an indis-
pensable functional role in bone growth, development, and homeostasis and participates in the formation of intramem-
brane bone collars, proliferation, and maturation of chondrocytes. IHh is expressed in mature skull osteoblasts and can
act as a promoter of bone factor regulation of Ptch and bone morphogenetic protein (BMP) expression to induce intra-
membrane ossification. Brain and muscle ARNT-like protein 1 (BMALI) can regulate the Hedgehog signaling pathway
by binding to Ptch1 and Ihh, playing a crucial role in cartilage formation and endochondral osteogenesis in the temporo-
mandibular joint. Hedgehog signal activators can improve the reduction in mandibular bone mass caused by BMALI1 de-
ficiency. Hedgehog signaling imbalance can have a significant impact on bone development and lead to a series of bone
diseases, such as abnormal bone development, fractures, osteoporosis, and osteoarthritis. The mechanism of the Hedge-

hog signaling pathway in relation to mandibular diseases has not been fully elucidated, and future research should seek

to further explore Hedgehog signaling as a potential target for treating mandibular developmental-related diseases.

[Key words] Hedgehog signaling pathway; mandible;

condyle; intramembranous ossification; intramembra-

nous ossification; Sonic Hedgehog; Indian Hedgehog; mechanism; abnormal developmentof the mandible; tem-

poromandibular osteoarthritis

J Prev Treat Stomatol Dis, 2024, 32(9): 709-714.

[COmpeting interests] The authors declare no competing interests.

This study was supported by the grants from Shanxi Provincial Department of Science and Technology General Natural

Fund Project (No. 202303021211214) and Research Project of Shanxi Provincial Health Commission (No.2019042).

TR 2 A0 TR M — BRI Bl AR R A
NI S SR VA 8 & i B . S i R = @ E PN
B T HEET 173, HE B st 2 T o m
FEARPOZ —, S#E TR KOS 45T
FLJR] S 50T MO AR A, T R A D e
FRWEFE O FIED AR RS, B
HE 31 ) Hedgehog {5 5 38 [t PR ~F H Bl H 8 28, 2 F
SN B Y oAk B8 B DL K R R T R E AT
558 B AR OC B AR R AR R AR K
K 1 752 3| Hedgehog {5 53 # B F2 M 21, AR 3¢
#t Hedgehog 15 5 38 B 76 T W8 & B i B2 o (4 4 ¢
YEHBLE AT 2534

1 THEHNRE

PR TET R 55 B R A A A B AR A Ok
kB SRR A H BRI ZES . BHEShY)
AR A8 R IR T ANV JZ= R0 AR IR 2 THG R i Rk TR
TAHOMEIR , B Al A BB 85k A THIRZ .
BRI R O AR T A A IR R T
B, YT IR T SE A B R . AEBE R AR

[1) 32 J53 248 B 53 Ak Sy 1B At B O B0 I i R
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KB . B EREF IR TR 12
Jal i i B R i — 2 A R ARTE i —
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Tia) B 2 1T AN W7 0 AR 8 B, T2 0 8 B A i
ORI e 1B D 2T A ) R o, A B DA R I 1)
ST Ak TE BB B, 2 20 A AUA )R
BT B AR R O S, X B R R N A
J5 20 % AR kT SUE A SR A e T EL R A AR

2 Hedgehog 15 S 18 %

Hedgehog {7 53 4% & — Fh e A6 M 17 5 3
B ARSI BE BRI SY . 25 T A SRy
IR &8 e BT R R A A e A AR TR
FHIF A2, Nusslein- Volhard 55 F 1980 4F 7F 5% g
HE R K B Hedgehog K& ], PR HG 58 748 25 S BIUR Mg
L2 RARCIR T Bl A 44 o 7N FL 3 Hedgehog €045
Sonic Hedgehog (Shh) | Indian Hedgehog (Thh) Fl Des-
ert Hedgehog ( Dhh ) 3 1 37 i L0127
2.1 Hedgehog 13 5 il #& 49 20 5%,

Hedgehog 5“5 it i H 4 45 A2 [H 1~ , 4 Hedge-
hog 15 & # 1 Bt /& | Patched (Ptch) 32 #& | Smoothed
(Smo ) ZZ A A% PN B 53 R -l 428 15 Joi 3 A O A & I
[7] Ji % 1 (glioma - associated oncogene homologue ,
Gli) Al T i #L KL F 45 . Hedgehog i 5 8 1 L A &
A )3 S R E 5 18 B AR H 5 Preh 2 — A
12 Y85 4 1 A2 18, AL 2 4[] IR 2 (5] Prehl A
Pich2, Ptch1 3 % X} Hedgehog {5 5 1 [ E 7 PR U8 7
VYE R, 1 Pich2 &= 2%} Pichl #2 #pFE4E ™) ; Smo 2
— 7 Y TR 1 S2 A BRI E T A B 2 AR AL
T LR A, B Preh fih & 5 78 27 B v AR IF 4
Pich 3% 4 2 11 3 7% Hedgehog {5 5 1% 16 )5 Gli 25
Fio B S E 5 i R N3 s 1 B HESh )
F 3R Gl A, B Glil . Gli2 F1 GLi3, Hirp Glil ] g
Hedgehog 15 & 2 [ e 442175 5 0 100 & 45 BT VE T
M5 G2 1 G1i3 2 2 P A 11, R 3 B 6 119 7K
- B ATTRE AT R 5O AR ] DL K 5 0 o A
Fist, B0 T Gli2 A GL3 B A N A s 30 ) X i
Glil A5 AH = F ] 2 5 T FE R R 7 5
2.2 Hedgehog 13 5 i % 9 1F A AL

22 Wi Hedgehog {5 ‘5 & ik B2, W1 R AT £ 2
Wo AT D W ET T — D ME B W A0 i
T ™ R A T 4548 L J& Hedgehog {7 5 38 I 1 {5 5
M4, Hedgehog FLAA 5 Prch 2 K255 )5 o Pichl
I EARETF AR T BT, T 1 Smo W 5% 12

B 28 & v JF 40 ) 2 B A (protein kinase A,
PKA) 1% 2 1 34 i 1 (casein kinase 1, CK1) FlUBH R
& i 3% i 3B (glycogen synthase kinase 3B, GSK38)
A5 Bl 2 fih A A R TS GLi2/3 8545 1 (Sufu-
G1i2/3 ) i) fift 5 JF B CA 15 P 1Y Gli 2/3 0 Sufu-Gli&
H1 Sufu A1 Gli 5 1124 9 &2 & 4, Her Sufu e 1o K
Gli PR 25 1 240 it 5 v A 43 DG B SR A AR T . Bl S
P Y Gli2 F1 GLi3 A 20 i 4% I 95 15 Hedgehog #81
HED e 5 AL AR BT Gl DA Prehl 1 3K, L
TR R IE W EAE R W i — 25 {2 #F Hedgehog 17
SIS . I, Glil 131K 2 Hedgehog {7 53
BOE bR AR

qF it B Hedgehog {5 5 & 1% B 12 SC 1 AN W
i8] B 2 F8 X Hedgehog 5 538 # 1 — sk £
A2 RLEB o B AR 5 )N, 1 AS S 1 38 B Hh-Pich-
Smo-Gli ) $it R 3 % , 1t AP $ 7Y Hedgehog {5 5 il
UATHVRTEBNS TG MR HLE,
3F ##Y Hedgehog {7 15 5 23 M Fp A . 1
AL AL 1 B4 J2 Preh 4 3 B KT Preh A5 Gli
) Hedgehog {5 5 15 3, (04 T A BRI Preh il i 55 48
£ T PR 40 b K & 1 # -9 (caspase-9) i 4% & H
DRAL (downregulated in rhabdomyosarcoma LIM -do-
main protein, DRAL) . TUCAN/CARDINAL ( — F &
A CARD RUBER & FI SR S5 i 1 ) S5 5
54T, 1B BB Preh 38 13 5 40 At & 91 26
cyclin BI A BAE 1S 5 40 M J& 0 Jf 4 . 1 A &
Smo A 43 Bl H 7% Smo AN 75 Gli #) Hedgehog 15 5 1%
T, B Smo 38 1 G 7N GTPases 5| AL 4FE 2 1Y 41 i )2
Vi, 7N GTPases f& —Fl K G & 1, ME 48 71 €,
T R S8 9] 48 e R vl 4 L 4 o
HEZ | 40 T A% Ak 58 S ) 22 5 20 A B 0
B, BRILZ AN AR TS T Smo Y Gli i A6 X
W FR A AR MAYE 5 B : Smo (H AR Gli 1)
Hedgehog 15 5 1% 5 , Gli % s K+ B BTG A 32 Gli 1Y
#1455 1 Hedgehog C {4 | Ptch Fl1 Smo 1 8 45, 1iij
% 2 ME 5 QK % 1k A4 K B F - B (transforming
growth factor-3, TGF—B) P SHE i B 2T 4k Y e (rapid—
ly accelerated fibrosarcoma, RAF) -fi¢ 73 24 Ji 36 {1k &5
H % @(mitogen—activated protein kinase, MAPK) .
i Mk WL B 3 - 3% B (phosphatidylinositol 3 - kinase,
PI3K) -5 M % 5 B (protein kinase B, AKT) [
E G

H fir, #2780 5 E A Hedgehog 15 5 1% A H
7 Hedgehog {5 = 38 15 3 T 5E 0 WF 52, {H AR it
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Kl Hedgehog 15 5 1 5 B 8 VI i A B . (H i
AU AN # 7Y Hedgehog 15 53 4% LA K W5 5 AH HLER &R
115 5 8 45 ] 2% 44 4 T Hedgehog 5 5 B9 T g,
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B S i R B0, A R 0 1 2> ALHIAE T
B AN ] X 4 2 (8] AN ], HE AT BB 3l i Hedgehog 17
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R E o R i EARAE FPLE # A . Shh
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IR 52 If % A1 56 & 1 (parathyroid hormone-related
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YA BF 5E % BL, Thh o % 0K 5 /ot 4 P 52 OE A
O, Thh 78 B2 B B 20 M b 23k AT AR
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Hedgehog {55 5 i 7% 7 41 Pich1 LA J2 SAG A L) gk 3
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4  Hedgehog fE SH S T M &1 X ER
Hedgehog 15 5 KR P8 &% B & B i =B K
FW LI SRE R ERRNE AT R BT
BT A R DG 28 T Hedgehog 4171 1 51
AT VEE R T W LR G A IR A IR T RCR 5
A 5RH T B A Hedgehog 5 514 5 0] RE 2l 3% 5 1B
b 72 5 4k, Hedgehog Fl1 Wnt/B-catenin {5 5 A9 {IK
P35 AT G BB AN AE T B R A R Bk A 2R
Hy AL E AR BCE Al Hedgehog 15 5 1Y |
I AT T OB OGRS T R R Ak i TR B
B 20 TR A R AT RE R BCR AR AR, DR AT WF S
E S [ 4] GLil i 4 40 A () Hedgehog 17
AL LA B 5T A v i) B R A S T U AT
KAT R XA IUT Al B O R AR HE T — Ml
TE) I3 ¥R ) AR B 58 35 42 ) Thh 5 530 B AE
AR R B 5 B)  5 | E B) 38T 0 DG T 4 1 S
W Bt 2 G B AT, G 3 o 3K g B 40 i AT O
AR BT 01 O 19 98 1 R, X X I8 380 T B
O A 7 I s BRAIL A AR AL T E ()

5 BE5RE

g5 B RTIR R E TC I g R TR IRIE S K
i R AR HE B R IR , Hedgehog {5 53 i 75 T G145
KBS RCEE, R, 0% EH— L5
llfa PR -+ ¥l Hedgehog {5 5 HH O T 7R 5L 54, D 1 6B
BI; S AT S R T 0B k1 MR T 8 S8 T AR
4 245 W 3 A8 O 1)
[ Author contributions] Xu Y wrote the article. Li WJ conceptual-

ized and revised the article. All authors read and approved the final

manuscript as submitted.

&%k

[1]  Ghuloum FI, Johnson CA, Riobo-Del Galdo NA, et al. From mes-
enchymal niches to engineered in vitro model systems: exploring
and exploiting biomechanical regulation of vertebrate hedgehog
signalling [J]. Mater Today Bio, 2022, 17: 100502. doi: 10.1016/.
mthio.2022.100502.

[2]  Xu J, Iyyanar PPR, Lan Y, et al. Sonic hedgehog signaling in cra-
niofacial development [J]. Differentiation, 2023, 133: 60-76. doi:
10.1016/;.diff.2023.07.002.

[3]  Ponzetti M, Rucci N. Osteoblast differentiation and signaling: es-
tablished concepts and emerging topics [J]. Int J Mol Sei, 2021, 22
(13): 6651. doi: 10.3390/ijms22136651.

[4]  Silva Barreto I, Le Cann S, Ahmed S, et al. Multiscale character-
ization of embryonic long bone mineralization in mice [J]. Adv Sci
(Weinh), 2020, 7(21): 2002524. doi: 10.1002/advs.202002524.

[5] Manlove AE, Romeo G, Venugopalan SR. Craniofacial growth: cur-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

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.

Svandova E, Anthwal N, Tucker AS, et al. Diverse fate of an enig-
matic structure: 200 years of meckel’ s cartilage [J]. Front Cell
Dev Biol, 2020, 8: 821. doi: 10.3389/fcell.2020.00821.

Bechtold TE, Kurio N, Nah HD, et al. The roles of Indian hedge-
hog signaling in TMJ formation [J]. Int J Mol Sci, 2019, 20(24):
6300. doi: 10.3390/ijms20246300.

Walton KD, Gumucio DL. Hedgehog signaling in intestinal devel-
opment and homeostasis [J]. Annu Rev Physiol, 2021, 83: 359 -
380. doi: 10.1146/annurev-physiol-031620-094324.
Niisslein - Volhard C, Wieschaus E. Mutations affecting segment
number and polarity in drosophila [J]. Nature, 1980, 287(5785):
795-801. doi: 10.1038/287795a0.

Sasai N, Toriyama M, Kondo T. Hedgehog signal and genetic disor-
ders [J]. Front Genet, 2019, 10: 1103. doi: 10.3389/fgene. 2019.
01103.

Min M, Song T, Sun M, et al. Dhh signaling pathway regulates re-
construction of seminiferous tubule-like structure [J]. Reprod Biol,
2022, 22(4): 100684. doi: 10.1016/j.repbio.2022.100684.

Kaushal JB, Batra SK, Rachagani S. Hedgehog signaling and its
molecular perspective with cholesterol: a comprehensive review
[J]. Cell Mol Life Sci, 2022, 79(5): 266. doi: 10.1007/500018-022-
04233-1.

Kowatsch C, Woolley RE, Kinnebrew M, et al. Structures of verte-
brate patched and smoothened reveal intimate links between cho-
lesterol and Hedgehog signalling [J]. Curr Opin Struct Biol, 2019,
57:204-214. doi: 10.1016/.sb1.2019.05.015.

Arveseth CD, Happ JT, Hedeen DS, et al. Smoothened transduces
Hedgehog signals via activity - dependent sequestration of PKA
catalytic subunits [J]. PLoS Biol, 2021, 19(4): ¢3001191. doi:
10.1371/journal.pbio.3001191.

Doheny D, Manore SG, Wong GL, et al. Hedgehog signaling and
truncated GLI1 in cancer [J]. Cells, 2020, 9(9): 114. doi: 10.3390/
cells9092114.

Ho EK, Stearns T. Hedgehog signaling and the primary cilium: im-
plications for spatial and temporal constraints on signaling [J]. De-
velopment, 2021, 148(9): dev195552. doi: 10.1242/dev.195552.
Pietrobono S, Gagliardi S, Stecca B. Non-canonical hedgehog sig-
naling pathway in cancer: activation of GLI transcription factors
beyond smoothened [J]. Front Genet, 2019, 10: 556. doi: 10.3389/
fgene.2019.00556.

Akhshi T, Shannon R, Trimble WS. The complex web of canonical
and non-canonical Hedgehog signaling [J]. Bioessays, 2022, 44(3):
€2100183. doi: 10.1002/bies.202100183.

Akhshi T, Trimble WS. A non-canonical Hedgehog pathway initi-
ates ciliogenesis and autophagy [J]. J Cell Biol, 2021, 220(1):
€202004179. doi: 10.1083/jch.202004179.

Zhou H, Zhang L, Chen Y, et al. Research progress on the hedge-
hog signalling pathway in regulating bone formation and homeosta-

sis [J]. Cell Prolif, 2022, 55(1): e13162. doi: 10.1111/cpr.13162.



b

O &mBAE 2024598 H$32% FoH

+ 714 - Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2024, Vol.32 No.9 http://www.kqjbfz.com

[21] Qin L, Liu W, Cao H, et al. Molecular mechanosensors in osteo- ders [J]. J Dev Biol, 2019, 7(2): 9. doi: 10.3390/jdb7020009.
cytes [J]. Bone Res, 2020, 8: 23. doi: 10.1038/s41413-020-0099-y. [35] Rogers-DeCotes AW, Porto SC, et al. ADAMTSS is required for

[22] Leitdo L, Neto E, Conceigdo F, et al. Osteoblasts are inherently normal trabeculated bone development in the mandibular condyle
programmed to repel sensory innervation [J]. Bone Res, 2020, 8: [J]. Osteoarthritis Cartilage. 2021, 29(4):547-557. doi: 10.1016/j.
20. doi: 10.1038/s41413-020-0096-1. joca.2021.01.005.

[23] Wang H, Zheng C, Lu W, et al. Hedgehog signaling orchestrates [36] Yu S, Tang Q, Xie M, et al. Circadian BMALI regulates mandibu-
cartilage-to-bone transition independently of smoothened [J]. Ma- lar condyle development by hedgehog pathway [J]. Cell Prolif,
trix Biol,2022, 110:76-90. doi:10.1016/j.matbhio.2022.04.006. 2020, 53(1): e12727. doi: 10.1111/cpr.12727.

[24]  Brugmann SA, Allen NC, James AW, et al. A primary cilia-depen- [37] Li X, Yang S, Chinipardaz Z, et al. SAG therapy restores bone
dent etiology for midline facial disorders [J]. Hum Mol Genet, growth and reduces enchondroma incidence in a model of skeletal
2010, 19(8): 1577-1592. doi: 10.1093/hmg/ddq030. chondrodysplasias caused by Ihh deficiency [J]. Mol Ther Methods

[25] Echevarria-Andino ML, Allen BL. The hedgehog co-receptor BOC Clin Dev, 2021, 23: 461-475. doi: 10.1016/j.omtm.2021.09.015.
differentially regulates SHH signaling during craniofacial develop- [38] Komori T. Regulation of proliferation, differentiation and functions
ment [J]. Development, 2020, 147(23): dev189076. doi: 10.1242/ of osteoblasts by Runx2 [J]. Int J Mol Sei, 2019, 20(7): 1694. doi:
dev.189076. 10.3390/ijms20071694.

[26] Ftig, A, B 2%, 55 . Sonic hedgehog 7£ /N U IR T &0 28 [39] Vortkamp A, Lee K, Lanske B, et al. Regulation of rate of cartilage
Meckel” s HCH & 7 i B B9k [J]. DAY B2, 2011, 2 differentiation by Indian hedgehog and PTH -related protein [J].
(1): 3-7. doi: 10.3969/j.issn.1674-8603.2011.01.001. Science, 1996, 273(5275): 613 - 622. doi: 10.1126/science. 273.
Du J, Fan ZP, Ma X, et al. Expression of Sonic hedgehog in mouse 5275.613.
embryonic Meckel’ s cartilage during mandibular development [J]. [40] Long HQ, Tian PF, Guan YX, et al. Expression of lhh signaling
Oral Biomed, 2011, 2(1): 3 -7. doi: 10.3969/j. issn. 1674 - 8603. pathway in condylar cartilage after bite-raising in adult rats [J]. J
2011.01.001. Mol Histol, 2019, 50(5): 459-470. doi: 10.1007/s10735-019-09840

[27] XuJ, Liu H, Lan Y, et al. Hedgehog signaling patterns the oral-ab- -0.
oral axis of the mandibular arch [J]. Elife, 2019, 8: e40315. doi: [41] Yang H, Zhang M, Liu Q, et al. Inhibition of ihh reverses temporo-
10.7554/elife.40315. mandibular joint osteoarthritis via a PTHIR signaling dependent

[28] Fabik J, Kovacova K, Kozmik Z, et al. Neural crest cells require mechanism [J]. Int J Mol Sci, 2019, 20(15): 3797. doi: 10.3390/
Meis2 for patterning the mandibular arch via the Sonic hedgehog ijms20153797.
pathway [J]. Biol Open, 2020, 9(6): bio052043. doi: 10.1242/ [42] YangJ, Andre P, Ye L, et al. The Hedgehog signalling pathway in
bi0.052043. bone formation [J]. Int J Oral Sci, 2015, 7(2): 73-79. doi: 10.1038/

[29] Sun JS, Yang DJ, Kinyua AW, et al. Ventromedial hypothalamic ijos.2015.14.
primary cilia control energy and skeletal homeostasis [J]. J Clin In- [43] Lei J, Chen S, Jing J, et al. Inhibiting hh signaling in Glil+ osteo-
vest, 2021, 131(1): e138107. doi: 10.1172/JCI1138107. genic progenitors alleviates TMJOA [J]. J Dent Res, 2022, 101(6):

[30] Li$, Jin S, Jin C. The correlative hypotheses between Pitchfork 664-674. doi: 10.1177/00220345211059079.
and Kif3a in palate development [J]. Med Hypotheses, 2019, 126: (Rig REEL)
23-25. doi: 10.1016/j.mehy.2019.03.005.

[31] Watanabe M, Kawasaki M, Kawasaki K, et al. Ift88 limits bone for- ? Open Access
mation in maxillary process through suppressing apoptosis [J). This article is licensed under a Creative Commons
Arch Oral Biol, 2019, 101: 43 - 50. doi: 10.1016/j. archoral- Attribution 4.0 International License.
bio-2019.02.017. Copyright © 2024 by Editorial Department of Journal of

[32] Kitamura A, Kawasaki M, Kawasaki K, et al. Ift88 is involved in Prevention and Treatment for Stomatological Diseases
mandibular development [J]. J Anat, 2020, 236(2): 317-324. doi:
10.1111/j0a.13096. Ok 0]

[33] Hosoya A, Shalehin N, Takebe H, et al. Sonic hedgehog signaling ; i
and tooth development [J]. Int J Mol Sci, 2020, 21(5): 1587. doi: EL
10.3390/ijms21051587. i

[34] Abramyan J. Hedgehog signaling and embryonic craniofacial disor-



