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Hedgehog signaling pathway and bone development

Zou Sha-sha, Hu Hong-liang

Abstract

BACKGROUND: Hedgehog, as an important regulatory factor in bone growth, has been recently focused for its mechanism in
bone growth.

OBJECTIVE: To introduce the mechanisms of Hedgehog in cartilage and skeleton development and the relationship between the
hedgehog signalling pathway and bone disease and to investigate the research progress in Hedgehog signalling pathway in bone
development.

METHODS: A computer-based online search in PubMed and CNKI database was performed using key words of “Hedgehog, bone
development, mesenchymal stem cells, cartilage, osteogenesis, bone defects” in English and Chinese respectively. The published
dates are limited between January 1994 and December 2010. Researches related to this review purpose were included. Irrelevant
or repetitive articles were excluded. Then 31 articles were selected according to the inclusive criteria for the review.

RESULTS AND CONCLUSTION: Hedgehog is closely related to almost every stages of bone development, including
differentiations from mesenchymal stem cells to osteocyte, formations of cartilage tissue and skeleton and other aspects. Aberrant
Hedgehog signalling pathway will lead to severe developmental disorders including bone deformities and bone defects. However,
the detailed mechanism regarding Hedgehog signalling pathway remains poorly understood and techniques regarding related
animal experiments have not yet been so sophisticated that no clinical trials are performed both at home and abroad. Hedgehog is
involved in osteoblast development and vascularisation in both embryogenesis and adult mammalian. For this reason, it is
potential to solve the problem of angiogenesis while repairing bone defect in bone tissue engineering. With continuous researches
on the Hedgehog signalling pathway in depth, Hedgehog signalling pathway has prosperous future in the areas of bone tissue
engineering and clinical gene therapy.
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(bonemorphogenetic protein, BMP)1z % &2 51, i

FAF5 AR, £+ Hedgehog 15 524245 T 18 /7 F
R IE T AN, BB AT AR ARVE IR AR BAK
BRMEF—F 5342, LF 2% Hedgehog £ FAF
T AAEI RSB Rme X & AE TS 6974
B mAE LA,

1 ERFTTE

1.1 BRR XFAFH—H AT L. BRiFEE
E: 1994-01/2010-12. F Xy, “Hedgehog, H X H
AR T mie, KA, RE, BB kiR, Bk
o+ E ) A LS E . & XA “Hedgehog, bone
development, mesenchymal stem cells, cartilage,
osteogenesis, bone defects” #4413, #% PubMed
$E ., Bk 48X Lk 183 & .
1.2 WMATIHBRATAE

MR OXFFTiE N 55 Hedgehog 15 5 il 3%
BEE RE A BEIHRX, QF —ARBL UK E K
AR E EZ AL F,

HERRFROME: 2T B 8320 ULE, AFR B S X FE L%
BELMHHR.
1.3 XEREWE itk 3] 183 Bk, &
P 26 K, KX NE7 F. Wik ARERTRE,
HRAAR B 49 5 LK) 153 &, FHREL T 31
FBEMELE, 84529 BEXL, 2 BT LK.
1.4 HIBMIEER &% —1FH 5@ AAEH tk 5 R
X L RfE &, Fafanih LF AT ST, @R
Hedgehog 15 5@ #4xF B & & 69 A4=4F A, FFRILLIK

218 o

2 MHENERG SR

21 WMABRESER At 31 BT, LA
14 %5 Hedgehog 1z 5 18 34 4 4 F 4k A pusl4n £ 014,
Hedgehog 75 % % it 42 & 644k A AL 6 L ¥ 17
B3 B Hedgehog 12 5@ %43 B 4 F EF 44209
A%, Hedgehog 1z 5 i@ 34 5% FT -3 6948 £ B J& 5%

Hedgehog A%t T o A K A 2| g R 7 6 AN 1L
#2, 15 JF B 204 TAZF P O VAARST 64 fif ok - 2 4K 1)
A, BribdkfIRsueg R A,

2.2 PABERBRRSRISIE

2.2.1 Hedgehog 1z %i@% Hedgehog (Hh)E#% A
— 40 5k 0915 5 & @ . Hedgehog 13 5 & 72 ££ 1980
FRRIBIRN 5 BIFE], Tl —FZERTHOLAR,

Hedgehog #) % & T4 RIBAL S K F LA K, BEALA
A8, MAMARA RBAR . EHILDY T A EXA
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Hedgehog 1z %, "€ &4 3 4~ Hedgehog 97 /& A& A :
Sonic Hedgehog (Shh). Indian Hedgehog (lhh)#=
Desert Hedgehog (Dhh), 4-%|%# Shh, lhh #= Dhh
0, g Eafakgids T HEmc, pEs
Fo RAEARBR (ARG BR) 49 S 5457 A AA Hh-N
Fa Hh-C A AN2E #3889 2 AR, b N Ram#ra LA
546 % . Hedgehog 13 5 i@ #4494k Patched
(Ptc)#= Smoothened (Smo)®. Ptc & —4~ 12 k& &
&, %t Hedgehog 1z 5 il #44¢ fi i F4EH; Smo 2
—AP4FIRE) T RBILEZ A, £ F Hedgehog 1554
i 56F 02k, £ £ Hedgehog & & i, Ptc #7%4) Smo
agE P, s, CiZa (B4 A Gli &4, 4 Glit,
Gli2, Gli3 4 3 #, L+ Gli1 4= Gli2 ZgEEA, M
Gli3 A7 44 AU, 5 Costal-2(Cos2, —#Fik% &
SEZOWR—ANLoKRF L6 THREZ L, XML
T CitAmintz, Fat Ci ik & e A(PKA)BBAIL,
Slimb(—#t F-box & & JR #i bk #oik & & B 5 . o % 7=
4 Ci75 Z—Ar4: F 34| BT, TrAZN@ietx 7 4)
Hh ¥e kA 694t k. S 4% Hedgehog & é B,
Hedgehog & & 445 Ptc &4k &, M f& Rt Smo &9
B, EAEG Smo 5 Cos2. Fu 446H s A6,
Bl BF T 474 PKA &1, Mmdr4] Ci 49481, H Fu
oA SuFu R (Fu #746)A)), A A F 2 &4
Ci(Ci155)#t A mfittz, #iEAB R Hh 32k B g KA, R
Bt 50 %44 Ci sTvA T iHog A= CDO /& 4 it b 44 R A
(Hog #= CDO # 8h T4 A4z T ™ fmfie L 49 Hedgehog
Ea 52k Ptc 44), Mt Hedgehog & @A i K
I%AE R . Hedgehog 13 5 #94% i L IR 6 X F it f2 P A &
TR, EHILaMAR 3 #F R Hedgehog 135
¥, Shh £ 2Rk EEPMLER, Bk, ERF, &
SRR RhT . MEELT, ATANEE FMEY
(dorsal-ventral , D-V) £ & # X . MK 4K 7 &
(anterior-posterior, A-P)%& ##X""". Ihh 12542k
KA MR P AR, W IR, B A KR
Je X 2B it © AR TR E2E5, LEER
TR mieg A e P AL E ZAE A . Dhh 425 246K
R F A MR, Q3EFH L4 Sertoli afit. 97 £ 69 Fd
mit; 5 FAE A £

2.2.2 Hedgehog 125 57 ® & F ALK T @k
(mesenchymal stem cells, MSCs)4E 51k 4 fig I 4a iz
BEmie. A mit, B AR T@mieikr. ARE S aE
AR ZARA B b, €W BE] % AP E 5 A1)
#9468 45 A, &4 BMP. Wnt. Hedgehogs, delta/jagged
8. d4Fmiet KA T (fibroblast growth factor,
FGF). M & %&44 K HE-F 2(Insulin-like Growth Factor
2, IGF2). Notch %1{z%5:@#% . Hedgehog 1z 5@ %
24548 MSCs @ fes s F afiefe sk g i1, FL
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1k 2 &) B8 B am e oK,

Shh & & RIEMEE TN TR 50T, Bk
G AR B P 09 18] R aa I SRR s A, RRR A
B AR P AR E AR ShhAE 5 it 2@ K E alenik,
FtH BMP 13 5 3 5L BB 45 4 ag B4R R . BT
A% 6 (BMP)E TAALA KA T BARRARN, | ZE
AFFap Ty, £ BMP2 &% 26 5 H &
# B F. Murtaugh 5% 31 Shh R4LL5 BMP 3 F)
FFRRT P AEE L AT mit, CALKE femie
st BMP 125 9w S 68 7). FEIEFATRT P IR B 40 AL
KRI, ¥+ R Shh-N & é i+, RT-PCR o #7 &
A LA BMP4 ZaF= 1B, 1A %K, [2Rfeny
kS E i, B AR I Warzecha %14 30 A
Shh 3% TGF-B1 &3 A MSCs B, 40t & iA & % 4%
RE S BAFAE G 475 Sox9, CEP-68, R Il A=
X; #H RA 21 r-Shh 4 32 45 A MSCs %8/t £ 30 ik 4%
EBA - FL A An B 5 60 R BLAAZ B g (BrdU) 4
T, WP EIRITRA R T @ie, B eATHA
B A% 4 2(BMP2). Shh B X & 4 [ i n A% i+ 5=
¥, 43I, BMP2 #= Shh =T vA® 424 8] £,7 T @fe )
R a1 A et R AR S b8,

Kk EAZHR ¥ sy Plaisant 9% 5% 4 9
Hedgehog 13 5 &9 7% L2 ¥4 A8 7R 40 2 69 A F 5
16, fBR3T C 2 oA R IR Hoh ., 3R A
SR ampe, AR IARE 5B Smo AR Ci 4k B
Feg AR, EAMHE Runx2 A THRAX.
Runx2 £ /B et ey K4 e9 5% F AT, Hh 13549
EILA TR Runx2 49 & ik, X487 Hedgehog & s B
oA EEA R 2O, FHEZRINAIRER,
w820 2. IA7 645 A ; FF L Hedgehog & & 4950 f6 £ R
B Mt 8] T B A R K £ 5.

BT P R AR T h Be K AR E da R AR A
AT A KA IR, ki A2 15 5RA T A9 A
Z I FGF 12 % 4£1-F) Ihh/Pthlh. BMP 12 5 i 74 sk if 45
wEmioat, £+ FGF 25 222 ERMERA, 5
BMP A #54ueh % 220, s |hh A5 4|5F mie
fle K 64 $: B am gt 4k, Vortkamp Z12'iE i 3 K 286
4 KA PTHrP A E K% |hh 5 Tk F Iz F 48 X Ik
(Parathyroid Hormone Related peptide, PTHrP)&4A
TEREF @I B X F, KINXAFLRT REIR
TR, 122 Mak FPhd ittt —F A LI |hh
T AR e K d AR H PTHIP, @ d R &E 8
(BMP)#= Wnt /B-catenin T & 45 L Ihh 12 5 69 2 4%
FINA AR EALEXT FE |hh T RR# PTHIP @
F SR T 3P, X A AU Ihh BL T vA S kA
A TFEE 2k, T AR PTHIP & 51 BAR #h A,
I e AT A K,
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Hedgehog 12 58 B2 6 & & B 18] 6 S AP L0 4R 358
R, T AR AMESh B R AR # Gk . Hedgehog
F 5T 0 B AR AR 69 R R E T AR — AN IR A
KPP R sH B R R MWL F A2
¥, LT EAIEILE M X (zone of polarizing activity
ZPA)4) Shh 435 ) RUNTF &/ 48 (BL) 6945 14
Ahn 5Pz 5 % 3, Shh & LHFRIAE AP 4R — /i
SRR AL R A A B R ALE Shh £ Gli2
Fo Gli3 R R P g Rk, JEET Shh 125 4996 5 m
R ENHET, HETEERKRFALFTRALFHR
Bénazet 554 £ 9 Shh 15 % . FGF 12 5 & BMP(4#%
¥ GREMN)F s —A~ i BARER, M il Bk A
%. % BMP4 4F#0E L& A et tmfie, 4@ Shh 1Z
S LI sA, LE4ERE T Grem1 AARAREA. X
Fb R 45 M) E I A Heik 69 BMP4/GREMA 4~F )12k 49
SHH/GREM1/FGF RAf3Req4E#:. X 3 &1z 5@kt
Rl BARZ 45 (B e mEw LA K.
Hedgehog & & & T =T £/~ RAE RS B Bt & B #4718
¥, BTN RBRFE AL B2 8 R,
X — R I A Ve AR BB TG 4E B A A B 18] BUE R 1 4
Ba. BEASFRET ST 20K E.

2.2.3 Hedgehog 1z 5 5% %% Hedgehog & & 95+
FRBRFHEAET A, e A1 A 42 4R/5EE

—Fr AR AN R R R R, R B ARt AT
By 2% % T JUAS indian Hedgehog A B £ R % . A
FRF AR 555 # 2 49 BDAT /) R(E95K % 2 A7,
AP RAIL AR AR e g AL 6 A1 AL 42 48/ 80 R A
— F2EZFARPHT S EHLE, HF AP TEL,
HLH Ihh BREXFTLFEAAX. BFRALLIN
Smo AR &R RAIA R GesE e, KR LF T,
SRR RANE, B ME AR, R FEIR, £ S A
7% JE ¥ X I Hedgehog BefkF B35 Ptc AR% 46, A
#fE Smo BRERAY., #UE Gli 46 % B F, BAFARTE
R BRI . B P IE R R e AR M R I & Rk ey
Ptch1 # Gli1. /A Hedgehog %& & #= ¥ 14 4= B
(Hedgehog 135 i 4 ) 24 M3 Ik B M /G20 4R, K FL
Hedgehog & & 4L 22 49 —20.)~ R, 40 i3 78 5 0f) 38w,

v PA L EE AL BT 4 — 200 R4V T 30%, T LG
EFHT 20%2Y,

#1 T Hedgehog 1z 5i@ 3% & Ptch. Smo %4k, Gli
R T HAR, B FHN T2 Hedgehog & & 49
SR MIBGEMEHITT REHA, BHmA Lilidsh
Ay FLWT B F13 Tl 34 P 69 % — B b g7 A8 R AR
F . A HF R AE B IR B (cyclopamine) TT vA [ B
Hedgehog 12 5@ %%, sre ity Smo 44,
FHAET Smo #9FFBL MRl T T % Gli & &8/~
A, ReEEA A RAR. 24K 2 Smo BE XA
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ghpbpb, 4. Hedgehog 15 5l SHKE

Gli ZOFTHMKRE, REEFETRREIFENER; ME
&1 -F Hedgehog 15 5t At B T 4w JeL38 78 10 & 5~
HEAE R, B HF T BR LIRS AL, B,

% #4118 & Hedgehog 12 5 18 94 B A8 KL J& 7% 64 3L B -F
TG TF HATIE—F AR . RIL XA REAP AT A

Hedgehog 15 5 i@ #& 69 4E 4], 225 ] ATO(ALFR)
FAT EP, B 5 e R 092 T A BT A 240 B
RAmFs GLi2 #94E RAFE, A TAWMRIREREIT S
Hedgehog 15 5 X 49 A8
3 itig

FA B AT B S AE TBIHAL G, B AT T
Hedgehog 1z 5 ¢4 #F % L2 B AF 7 4 % %, Hedgehog
E5AmI. gk, B4y BT A S ATHE Fe ik

RAEFidRCRTBE, AT fit—F &
% & Hedgehog 1z 5 i@ %A 5% % , 12 Hedgehog 45?‘
WIS ERQOER R RAH, SHE S, ZEHFR
AR FARSN R I RS F IR, JEE % APME 5l
Z_IA) 4 & E AR A AR

WA FHARG Y, FURIAREET -GS
& EA AR KRG LA Ty . ARARINIE SR b L LR B T iE MR
WA RIS, XRXBERMTELR ez 58
F oA, ARHT Hedgehog ERARFOARHGEX
%Eﬁy: ¥ F MSCs 2 B 2842 TA2 6432 A4 T 20 it R 0R

© 8938 58 bt 42 A% 3 Hedgehog 12 5 493842,
Iﬂ o iE#84% Hedgehog 1z 5 #4048 TA2 B A 1Y
AR 5. Hedgehog 13 5 i@ 35 28 L A P AE A 69IRN
NRFFAT B R B R AN RE RAmETAEZ KR
YR .
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