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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-
hog {5 5 R S X & B it 7~ £ H A, JF S8 — RABHEW B RE =5 B9 8 BB A g e
4o SRIMI, Hedgehog 17 5 4 5 T G0 B 1Y AR DG VR FBILTR] 5 2R 5€ 42 18 W], oK Sk F 5 AT 1 — 2D 4815 Hedgehog
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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.
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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



b

ARE&EMmPE 2024598 $32% £9M
+ 712 - Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2024, Vol.32 No.9 http://www.kqjbfz.com

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
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MEEBLAERBRESLABELEEXEETN
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3.1 Shh /2 TR A F LA 69 4F A ALl

Shh 7E M FL 3l W) h i R ik e )z, JE AR R
19996 A 3 W) R R O L #R b R 4R 2 A AR ) 2 AT
o =R U A U2 R A e w11 I B
HAE VO BCE R E U IR R E R TR
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B0 T B b R A5 T 5 T 7R AR G 1802 ) 40 i vh 5
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AR e R B S TR I A S B A
¥ 1= B 41 it o 8 31 Preh 1 1 GLiL () 63K 1987,
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WA, AR BRI BT ERELS S THREN
JRCB RIS P R Ak R A0 AR A R A v £F
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IR 52 If % A1 56 & 1 (parathyroid hormone-related
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T B9 A2 5 . P X Thh 25 7K SE T = B9 5 P AR
YA BF 5E % BL, Thh o % 0K 5 /ot 4 P 52 OE A
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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)
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