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Abstract

BACKGROUND: Heterotopic ossification is a dynamic growth process. Diverse heterotopic ossification subtypes have diverse etiologies or induction factors,
but they exhibit a similar clinical process in the intermediate and later phases of the disease. Acquired heterotopic ossification produced by trauma and other

circumstances has a high incidence.

OBJECTIVE: To summarize the molecular biological mechanisms linked to the occurrence and progression of acquired heterotopic ossification in recent years.
METHODS: The keywords “molecular biology, heterotopic ossification, mechanisms” were searched in CNKI, Wanfang, PubMed, Embase, Web of Science, and
Google Scholar databases for articles published from January 2016 to August 2022. Supplementary searches were conducted based on the obtained articles.
After the collected literature was screened, 131 articles were finally included and summarized.
RESULTS AND CONCLUSION: (1) The occurrence and development of acquired heterotopic ossification is a dynamic process with certain concealment, making
diagnosis and treatment of the disease difficult. (2) By reviewing relevant literature, it was found that acquired heterotopic ossification involves signaling
pathways such as bone morphogenetic protein, transforming growth factor-B, Hedgehog, Wnt, and mTOR, as well as core factors such as Runx-2, vascular
endothelial growth factor, hypoxia-inducing factor, fibroblast growth factor, and Sox9. The core mechanism may be the interaction between different signaling
pathways, affecting the body’s osteoblast precursor cells, osteoblast microenvironment, and related cytokines, thereby affecting the body’s bone metabolism
and leading to the occurrence of acquired heterotopic ossification. (3) In the future, it is possible to take the heterotopic ossification-related single-cell
osteogenic homeostasis as the research direction, take the osteoblast precursor cells-osteogenic microenvironment-signaling pathways and cytokines as the
research elements, explore the characteristics of each element under different temporal and spatial conditions, compare the similarities and differences of the
osteogenic homeostasis of different types and individuals, observe the regulatory mechanism of the molecular signaling network of heterotopic ossification
from a holistic perspective. It is beneficial to the exploration of new methods for the future clinical prevention and treatment of heterotopic ossification. (4)
Meanwhile, the treatment methods represented by traditional Chinese medicine and targeted therapy have become research hotspots in recent years. How
to link traditional Chinese medicine with the osteogenic homeostasis in the body and combine it with targeted therapy is also one of the future research
directions. (5) At present, the research on acquired heterotopic ossification is still limited to basic experimental research and the clinical prevention and
treatment methods still have defects such as uncertain efficacy and obvious side effects. The safety and effectiveness of relevant targeted prevention and
treatment drugs in clinical application still need to be verified. Future research should focus on clinical prevention and treatment based on basic experimental

research combined with the mechanism of occurrence and development.

Key words: heterotopic ossification; molecular biological mechanism; bone morphogenetic protein; transforming growth factor-B; Hedgehog; Wnt/B-catenin;

Runt related transcription factor 2; vascular endothelial growth factor; hypoxia inducible factor; fibroblast growth factor
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0 5|= Introduction

F+4%7F 14 (Heterotopic ossification, HO) ;248 ZE UK & B4 4K 20 47
B IR AT, T RANA . M. B IR AR TSR,
FAL B AL R —Fr Ak, R R R P — AN miZiiiE, FHERS
AR, EHMERTHILILM. Bk, P EDZR, a5 moIR
RABFTEMBELAAS, BN HERGHR, AN FALTEIA
REH AR, MARERFE S, SFELAE. RRAGEIH GRS
RA— AR AE, R, LB BARL AAE] B AT & R4
18R, XE R EHRT BRI,

BRAEA AR AT SFAF AL T AT T R 047, BERTFREEL—
ARE (e KEBE. AZMIRERAAL TGS T 5 @ ), *FTRAF
S EAA) K A K R AR B R RAGE, AR X T AW FAHIIR T
B, RARAATHRFAMEZLAT., XFLERETHRFEFZTA
KA BEGSTEMFAG, BB ATE NI A RRR
HE, ZIRANIR ST ST R 200 ARE 40 IR SE VA B Al X 1)
FFaRfem BT AN, B #ETA B RS TR
F MR ARIE, HABEAR dt— AR RAF LR A 09 K A K EAH)
RABETATH AE E I, DA Z R R 1E RE I7 AL S 54,

FALEAC E2 50 A AT R AL T A AR e A B A, AT AR B
B Z Tt — 0 A0 AP Z R R KR b, 445 M F R
A, KImFEREGTE 100%™, ZILF X5 B BB ILEEZH R %A1,
IR BB BE XY ERARBEHSF AR R E 2
JUTF PSR AR P ALAP 2 A AR B, KR F 4%-30%"", HAw KA F15
BACTT LT AN AL (45 ) 4L BT /B DI BAC B AL A (45)
5, TR R 38m . LA SRR TR £ B, IR AL AR K RO A
KOV g B B ER AT LS 04 R A AR TR R O, A R
F B AR RARRT I, B3 HAT A S 4 X F R (Fibrodysplasia
ossificans progressive, FOP) & i#t 47 M & & F 5+ ‘% (Progressive osseous
heteroplasia, POH), & Z AT #5451 0.5-1.36 A 0.034-0.11, R A
H#/E 3 %5 ACVRL L A& GNAS AR A% M,

4882 | PERNTIEHR | 55284 | 253087 | 2024108

FALF R AL RS I T AMFRT, 2RFHFENEE.
KRARSTFEDEATT RERA, LV FHEILEERES 2 ZEMAKE
FARE) T RS2 RE, LFEXEFE A RFEFAZ T FADF
A B 89 I E AT 5 1B B BAR K AR A R T AT R

1 ZRFN753E Data and methods

11 BRER

1.1.1 R ARK LR H—1EH# £ 2022 59 A THEE,
1.1.2 ¥R LBKRATFR # & BFFRh 2016-01-01/2022-09-01.
113 #%&#43EE FEH&MW. 55 EF. PubMed. Embase. Web of

Science % Google Scholar #( 48 % ,

1.1.4 %% QIFELAF R

MEREEEMRE, A 5T

AW, F4ag 4k, HuE], molecular biological, heterotopic ossification,
mechanisms” % %k 438 5 3l £+ B 4 WM. Z # E ¥. PubMed.
Embase. Web of science & Google Scholar 538 & #4740 % .

115 KBEXMRER MRBRE. BRRE. DHAMCTIF.

116 FIiERL £.

1.1.7 Ak %% VA PubMed #c¥% & L akie & 5ok A ), JUE 1.

#1 Molecular Biology[MeSH]

#2 Biology, Molecular[Title/Abstract]

#3 Genetics, Molecular[Title/Abstract]
#4 Genetic, Molecular[Title/Abstract]

#5 Molecular Genetic[Title/Abstract]

#6 Molecular Genetics[Title/Abstract]

#7 Genetics, Biochemical[Title/Abstract]
#8 Biochemical Genetics|Title/Abstract]
#9 Biochemical Genetic[Title/Abstract]
#10 Genetic, Biochemical[Title/
Abstract]

#11 #1 OR #2 OR #3 OR #4 OR #5 OR #6
OR #7 OR #8 OR #9 OR #10

#12 Ossification, Heterotopic[MeSH]

#13 Ossification, Pathologic[Title/
Abstract]

#14 Ectopic Ossification[Title/Abstract]
#15 Pathologic ssification[Title/Abstract]
#16 Heterotopic ssification[Title/Abstract]
#17 Ossification, Ectopic[Title/Abstract]
#18 Ossification, Pathological[Title/
Abstract]

#19 Pathological Ossification[Title/
Abstract]

#20 #12 OR #13 OR #14 OR #15 OR #16
OR #17 OR #18 OR #19

#21 mechanisms[Title/Abstract]

#22 #11 AND #20 AND #21

1 | PubMed %3 B S k16 IR A% &)
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1.1.8 #& L ak®E MYk 3| 539 &Lk,

1.2 N\4BtnE

121 o ik OFFHFILE; QFRIBRERAR, OnTAEY
FAHARAFR; @ F LK,

1.2.2 HkAEE OAAXILIK, QUATHEMEFLLF TR (FOP) &
HATHF L E - F 464 (POH) il A5 R4z B ALAF A

13 XNERSIHEREIBIEE 4% %) 539 & PR Lk, BRELF
B E, HERATR B R, EARE R R LG AE F L6 Lk
Jo, RAHIANT K 131 BitATeEi, b b LM E 19 5. AR
B 112 By, P XARH k3 77 B, B XAEH Lk 54 F, Xakib kA
72 ILE 2,

PL “OFEEET CRAEAL” “HLE” “molecular biological”  “heterotopic
ossification” J¢ “mechanisms” Ayt Z i) 43 IFEH AT L 505 GRS

PubMed. Embase. Web of Science & Google Scholar ##f FEHE4TH 2%, R R
792016 4F 1 H % 2022 4 8 H, JRHRHEIRA SCHERIFA T AN RS R

FERAFICIR 539

| b, HER B i 248 |

| PRI, AR 160 5 |

A\
AR 131 55,
HoArdsr 19 5, B30 112 5%

v v v

I 14 5 ST S AL It 83 F ST SR AT I 34 FSCHRA AT
PRI R K SR T SR A T A
R Ra7/E 2P TP NIES RSl i WL RS AL R T3
HATHER AT IR AW IR

B2 | XEkiRRIEE

2 458 Results
2.1 REBUSMISEXESEE
211 FRAERAROGTER FHARXAZORBNUARA TR
REFPRRGS L, EARLTLIE0MHEAE. 212w, F
T A5 KA G B S5 ATE 5 RF oA AR Rt vk 7 AT T R
T RIE., EREFRGRAERREILY, PHARAZTORI T
ZAER. AEMELEETG 2/4/7 HRE, FF SR/ T @R
Fe oA, ARE R R . LB, M. KR 4R
REAMMA MG, AR @My FHEREEOKRFEEN M, F
BB, FERABMEARETEAFEFAR T AR,
A ) PR VB A A B R R N ST R 4R R R AE B AL 9
PR LR A R R B AV 2 MR P B E K E S e,
BAKRAETRILE RIE. RILKARP AV 2ER, 2T HALLEY 2
RIBE W I R B ER P BB AR AEY 2 B F A
LR, 2R A T A B A S AR AL 8 B & B, s R KRR A
XY BBIBFAEBREFFRAY, FHAILAETEG 2480 T ik 31 F £ &
R FRA, FOMEFATT REGFTA Y, 23 HKEHEET,
HIEBHEREEG 2 0T BMIERE L5 ST F Rz BB AL
EROEHHRERAE, FRBEE LI GR LG I T 2 F 0K
AR R ENEEERREN, KRR TR FHALAES
2RI A W, e FEEREA ML S RZ K LTS
HPHE R A E Y, A FE L RLE A YL E R
EEAEFEG 2HEBRRAREN A, QBAFRE™. FEAMER
SRR AAH . FHMELAED 2 RRAE | R AR LA
. ERBOKER. BEHARAEG 2BREAR/ S RARBALM
HHE PN a3 R AR G S A PO AR A i — AT
BHER ARG T ORLLA AR E R 24571, 5
WSS B FHARRIAZ T M, MAER, E£FAT IR
oA F S FAL 8 L A KR P, DAVIS 5 BT ) K RALK & iz 4 F

HERAEA 2 EHRFEFH AT, BAy KA EETHEL
A B 2 H R 5 SRR A, KAN 5 © e o) 45 1 B e B
AFHHAER b LI, BHELAEEE 45 IHH (Indian hedgehog) +T i@ it
B A% A AE 40 it B 76 AU 3L R IR P T 4008 SRR, MR T R AR
BB G B F Az B A0eg AR, AGARWAL & ®Y A, MAHGE T HAL
A E GRS EIL M T i E X ¥ & G (Mammalian target of rapamycin,
mTOR) 4£ B ¥k A ARt T FAZ B AL s, AL R & b F & FLIBT mTOR T 3%
PR 45 48 X 4 et Fo A B AT Ak, Bl B R B S K A & G R LR
WG R A, MG T F 2 F B B 35K 60 & A F A A i R
BfaftBF, SNTRAEFBEEZAEETG 20742 . KaitE
IR F A T4 B A K AR B 8 Rk d A B IR R B ey 16 R DO
EEAARARE T FH AL AEEG /Smad 7T 4654 WNT/B-catenin 125
WIS R R R EEIEAR, SRS MR KRB & AR AL T AR
iz O U F R, BHAKAEG 7 it GSK-3 #LE Wnt/
B-catenin if & Anik 8] LR T 4 L6 AREKT @) AL, T KR dm L6 3 FA
RE K B AL B AT AT 2R AR AR 49 E I,

EERAYZ . AR SR AR ANF 6 LB ALAT R )
YR . MG ME B AP B F BRI P R A l45 % A R A8 XK.
BRI P YR TRFBH SR EEONERAFDRFFIRAL 2 74
WEMRE, FIRT RS AR e, Evdamin. AeKamie s A KaER T,
3BT BT B KR R, 45 A A B A K KT B AR h SR AR P 44
FiEFREREG—NATEF, BATEEFHAL ARG 269K,
PRI B B R, 2403 R HCF an RS K L B4k, @it E 3R cAMP K
P H| BB HF RALE . GG EAR T A ST AL ARG ES AR
ENRM AR A EH G, BT H AR BARR ST B B b
A, BHREMARFFHRAFFAT 1. g ARAERE T =4, 12
BRI E AT E T R, AR B AT IR T B
feX it i, BLHA, A REe BRI TH—FITFaE.
bz BRI, AEAREARAIR ) Fame R EAmin BT, iR BEHNL
KBF 1. FHEE A Runt 48 X4 % B F 2(Runx2), &iddt—4 EiF,
FAATFAZ B AT 7, 70,

Ve Z I, RIFHFAZ TR IR K S A5 0 h £,

% KR RSRRER G [ W EARR, TR K % il T AL
FHFA, FFEAILFTRAT R, HmAT R TR, FHRET
VAJE— AR T B AL B AL K A, AN F B @ s XA
Micro-CT F #2343, BT AL F IR 3 F kb = 4 R = 4 R I
TRsbZ oh, LALRRIEFA S, A AT 4 F b Ak AR B o s B
B, Runx2 A B HREG h 2. Mok s, Sibst 28 Q3 F N AR
Fampe s, IR 1.
212 #HAA KR FRETES FHERTOHBNAKRRTFRAALLY
X pmie, 25 THRAKRLE. Hols. BRMEESAT. LA
PR F AT, EHLDMBNARE T LR 0B LERRET
1. A KB F 2 fedb b A KR F3 A, #$LAKEFL14ERF
T, SEEHRERE B R ML AR B AR . B0
B TFAEF %P, SAAKEFEF S SR T4 LA LR HET
FALE KL S LK., HEAERBTRESTEFA@IOASER THRA
FRunx2, 575X AZEOWE AR AT [/ Amieg iR ek,
YU 5 TNk AN B AR B AL RS B B R AL A KB T 1.
HAKAEEG 1. QmbAE 1. SRS ET la ZILEA R E G
2R AR HA X, ZHANG & VAR A I, fEAI R LA KR
FiEFmies R AE R R T AL AR 3 (ig-h3) & é &L,
R T om A2 1) 64 BE WY, RRAIG IR AT AT F A B ARG K . EAL
AL ) BAY ZARME SR R T, A RBTEEFH AL EEE S Smad
Fa MAPK i 34 S Bl /-8 Bk 7, AR 2 UM BI04 F . 4444
KEF 1542 KM EFPHHE. HBE MR AL RF L - &
Jig A8 40 L8] VB G IBAAL, FRAALE T Ak = A T,

HACA KB T35 REHR T BA AN 2R, AT, A
T4 Smads 155445, A KBATHEHELALEREG TR
Bl 58, PEKFENERET, A RRTHT B
FRJE B RE e B R B R AR, e kiR LA KB TR
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F1 | Rt/ MBS B WBENFINB I LRERLE

iviE KA PR KT BT
4

TEL

AGARWAL %% 24
Yo as &

2017 C57BL/6 /NER BRI 2445 T

2017 N-EHfF e N E(R 70 T A
Jo3 -4

2017 /PR

OLMSTED-DAVIS JEEPU S LSS BMP i Smad iR Ak /KT

E e FRALE Y R

LI & 2 2019 C57BL/6 /ML WIPIBIGENER  Micro-CT i 52 B F ik

DAI & 121 2020 SD KR SD HEPE K FRUERIHR AL BMP-2/4/7 3, mRNA; Runx2. HHiEH.
U200 / tHZ0H0  OCN mRNA., X §F28 Kl CT Somi L AT,

Ao g 12 2020 SD kil BRIEEIGVE AL B X B WS A B LA S . Western
Y blot Jll 5z BMP-4 £ ({31

LIN 2 19 2020 MC3T3-E1  MC3T3-E1 47

YR b PR
KUSANO % 191

2021 C57BL/6 /N, SR A BT A 7Y Smad1/5/8

STRONG 25 ! 2021 SD K f B LA

K - LRt ) by
ZHAQ %

2021 KW, I B R S £ o 2

JITE BB AL

Micro-CT Il 2 B &~ o 4H AUk 246
Western blot A PCR {lll & BMP-4, Smad 2 [ 24 TAT 4% i B M A b 98 8 A a ki R 2E
J mRNA Kik, HZiFaE iR FRERER

BMP i (1) Smad1/5, Smad6, ALP jf Al

BMP-2, COL-1. ‘H#i& . Runx2, ILE N
F KR8 A I mRNA

) BMP {3 538 1% 7T LA 562 A6 T 1

VRS R SR AL LA ) T M T AR — R T AR — AN T
B B

BMP 13 5305 A1 BMP-7 3k L AT LA S S B AL T
B2 BMP-7 FR AR/ IN B AT AR kD

X SRR A S A B B AT A S BMP [RR IS G, JEH
B KRR IR N, SO T A R IR T
BMP-4 76 015 B AL R L6 K BB TR (1) 2 i 5 AR R % 2 0F
FEOG, [ B A% 24 FE R A T LAAE — o AR L 1)

Pt AL R I A

TORUNCRT AFE — € RS b 5 1B 815355 5 1/ SRS L 1 A 1
AL, AL AT REAE T HOSUN ] T ALP B AN 4
Hew ik

S A sE # ] T BMP2 15 % [¥) PDGFRa+ £ fifL 7 Smad1/5/8
PRIERR AL, 20T 0 A T R 57 oz 1 AL RO T P

Micro-CT Jl % A B AR, ALGURTR-ZI5R M| BMP A5G 7)1 R (AT LAV 4L 20 78 i 1~ 4m . 343 0

W ST 2
R BB L A 0 R T R A B AT SR R TR ELA R F Y
SR, ST R A ISR FT RS2 i 22 P I

RyE: BMP AHTEARAEEA: COL-LN I BRIE; OCN JE#5 & H; Runx2 J9 Runx HRFE IR MV 9 B AR IR 7 i A A B2 2R A TR T 5 ALP A Bl P i I 5
TGF-B A FAL A KR T Bs Micro-CT AVNRBNY LM CT; IL-1B N EAZHHIA 2K 18; TGF-a NMIRIRSEIN T o TGF-B MRS SER T~ B; PDGFRo A ML/IMRATAE LA T o

Smad N EE R ERIEY; MC3T3-E1 /N SUTR I 185 40 i 1A 20 M«

B RALESG R TAER . TR T, AT RE 6L F ks mEn,
B ARKBFRET TG E A —REEMEFENLER, L ERIE
JAAH] 5 KK R, LRI R T, A KRBTSR KRR T
FAH R EZEE T, CLRA TG F IR e b, ZHONG
5 Vs i R A K R TR E G LA P A AL A KB T /Smad7 {2
T, LEH ARG A. ZENG 5 77 & K SR Fe e
AR d AN G T R I RALE T R E RS AT R, AR FH
MEAEEMEEARE T, BHELAERE 2 A Runx2 FF B T4
HIIRF AT, MAO ¥ " 443 K a8 2h i % 75 mg/kg AT I 24T
A A ) RS AL B AL T R, E AR T3 skl i 4
Ak K B FF 7% Smad2/3 BB LA Runx2. AR BEBR BaAn B 45 % & 0 4%
F, RV EERBIRBE P W) TR T am e 8 R A RARAE AL e
BRAE B 5 M A B A B B, SR a5 B RO T 2 IR B E ALt AL
AKRFEE, BHQRIMAS T AL LR T [ A8 000N F AL
WHY K, LR AL A KB F o Fe b SR TT B 35 AL B 9k, i —F
SR R TF e A KR F DA SR, T 24 g beg it
Je 77, Smad7 T 35 4 ML LAY Samd4 &5 Smad2/3 R Ao, MELEEAL
AKBFESHS. LAF @t Ei2 R T WA Smad7 &k
4| Smad3 BRBEAAL, A FRLET A0 A K B F4Z 545 547 5] K R SR 15
PR G B, BT Smad ¥e k., FLMT FapdES ML TAKL 2 546 %
75 T 3475 18] TR AR 4m A A AR B SRR A, B 5580 4 M A B Ak
R . sk, R TFHIAERRTFLRESHRTHETRT,
MK AL B AR IR L P 4540 2 K B F 69 AR R 5] A2 B AL 69 A 2ig
%, #LE 3.

2.1.3 Hedgehog 13 5 i@ #% Hedgehog(HH) fE4nFt o] LA & AR M, 2
M. KEARBBUBE LA TR, HHE R B AL ARG,
R He oA K EF A Wnt ¥ S A2 Sl sk An E4E A, AL 2 A KK
BT B OB it 3R IA . R K. KB AR A E AL R P B,
Mkx 2 B £ UL A4S P AC KARAE ), PRI Mkx A T30 )y SUSRAE
AR Y HH 58 KA, 55 IRAR I AT 3R MALE A BRI R
1B R B FENG 5 ® )] Ctsk-Cre ARt sRIZ4AL + LA 35 4
K EFH AR LR RAL GBI, HHAZ 5 & F T Sufu % B 749
) e K T A-F WU R AR 40 438 U3, ATt B @ 2O AR B i a1,
AT R AT B AL T AR . HH AU A B AL b JB) B 4148 P KA
FE S 1 B EGR RS, b HH AZ 538 35 5T FAB) 3 Runx2., s AR ER Bl
Osterix. B45% 8. FHEGERTFEWGATE S, 2R TE
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pilp I !
piip ALK lALK1 T s \
wmEn /\ e
l\/\/ HFa LIS
BMP-2 runxz, VEGF,
’zwzm Col L ALP, 0PN, OCN || J)) ||||| | D '||||I PLC, CStc ~
mﬁnn,\dm’w’ D lj -uLo‘Ih- d ‘lll]m
EETEM ® Q@ § {RECHFEIT R
B RH QY e e mEw,
BBF/AERE  MEMKSMR EC)
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REER
O
@ e
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B9 LA BMP I TGF-B = 2245 5 3l % A B4 I 451, BMP I TGF-B 7
Y11 i 3% T B2 A2 AN AR, 4 4 SAE T £ B Smad. p38 MAPK Ik &
HIF S5 R AR A0 R 7 RO 5 A6 08 N4 %, s 244E F T BMIP-2,
Runx2 FIILE N B A= R 25 M SR E IR, W 5 51 1) 78 S T~ 4 e o
IRy R S = S A K= N B S 2 S [ eiit s VA= B I A A
AL FET, BMP-2 [ TGF-B 1 4515 5 i G M 5 A 1 N S B T B 3 3 )
FHIRE, i HIFL Runx2 FIMLE P2 A& R SR 41K T 7005 5 341
LR B N AZ O AR R A SRR AR . BMP-2 B IS KA E 2
TGF-B AL A K [N F s Smad Jy BE R YU RE R JEA): Runx2 2y RUNT
AHSCHG S IR 7 25 HIF RBVEIE S IR 1 B N R A K R i A &
[RF; EC NI A iz 4810

& 3 | BMP-2 #1 TGF-B X EAR B & AR AEFAHLHIE

FELE SR8 ) Az B ALt A2, B HHAZ 5888 A5 7 Bk, 12
AR RR LI, KGR ARE A KR e . a4 R
W E BT AR R, HH AUERSRE @A Re K ATAE 4 3E 4 F
EAEFA BT R, X G HH b 304 £ Fia B ALl 6 T AR A
H R, 3R 6 FAL B AR A TR & 2 R B KA HH 474 5 R 5 e
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A TRA LR R R AR 7 A T AR A B,
2.1.4 Wnt/Z5i@#%  Wnt/B-catenin 2 Wnt 13 5/ S04 2 i@, &
YR TR RS E EH, A BRI SRR, ERE AR
THHBERARRGEERREA, QLT F IO K.
A Wit AL R4S B AL AE XA K AR b T 5k B K R R AR
R FA B R T, 20U F R AN, HrEBakiR, mAREAE
KEHBATIRBLALF DKK-1 FA TR, —F @it T R fmipit
J¥GIA AR TR IR, B —F @, ST A Wit Bk L2k g &y 3
HAER, 34 Wnt T 7% B-catenin 13 545 STt 3% A A A K &K e
BRI T R, T RE AR ) 5% H A AAE KB A R B AL
FAARRRIN, FANREE TR AT IRE B2 e Rk, HREREH
S, BB A GSK-3 49 &k, 4] Wnt/B-catenin 15 5455, Hukdp
B3R A KRR A Ym0 38 A R A, B AR R AT B A
FIlEARBUE B, AT IR A AR K B R R T B e
B —RIREANEAT AR A2 AR R TR R R T e, T AL
T 4m i, Wnt5a. B-catenin 485 mRNA Fo & & 69 &k, FHE 19 0
F IR X A IELE R A M AAR K B R BRI T H 3 0,
MAAREAT TR AR E X STt Ry A E24 /8, ZHANG
& U At B AR A R Y IR AL AR K SAR R BRAE K B MUK 71 AT
MR LI B 3R LLLR F miR103 L, & =T 47 %] MAPK 13 5 i 5% ¥ MUK
B ROCK1 F= p-Erk1/2 4497 4, M) B2R404% F Wnt/B-catenin i 34,
AELE 5 B AR K BB A T AL, R, SRR T 4ol AR 5 AT
R TFHATRATE 32 E, MALA B-catenin #H4: B AR, RAFE A
B b K A At R L A 04 SRR A K MR A RS2 (diffuse idiopathic
skeletal hyperostosis, DISH) & # FAEARET =T LB K & Fix B84, B
AR AT mie b FIBREFT I A LHEE, KAERIT,
T 3E Wnt/B-catenin 49 R ik, ALt FAL B R, RINFER R B
F 3B R SE £ 3 T3 Am B-catenin R AL T afemiez NAR R, 1T
B RE M, KPP FALF AT xS FUbEs £ & 3 42 Wnt/B-catenin
F R BIARL, B HTAE ST DISH &4 Fis B bt Boag ik e ge s )
2.1.5 mTORAZ 5% mTOR & —#F 4 R B [ # A B &G B, @it
mTORC1 #= mTORC2 AN REl &R @ NF S e 5 B T4, HRBEL
A ZF G Wnt FERIER, dERLFANBSATRIETEMEA, 3
FHFIAT FH S B RMER T L. XUF P AL R My R
I Nesfatin-1 LA & &k, KA X RIRBEAR AR #F 7% 27, Nesfatin-1
2B 1THE mTOR @34, 395 R T am IO WU R AL, ARk 3R By 3T 5
AL B e) A . B F v EF ARG B REHE, ST A 2374 p-mTOR
ey Rk, IHl G @A 155 0RET @It ey B o, SEE T
fa By dt ik, BARRME MG mTORE, BBy B HAL A %A,
Ak KR T RA TR B AR P BAL BT e B A B AT 5 Bk
A, FaFEE AP H T mTOR 49 &L *, o] 58 T B3Rt &
B ka2 ¥, X443 T mTOR FHF s B 410 3 H 35 Bk i
B PRA s B AR A SR
2.2 ZIMRARF
2.2.1 Runx2 4z 5 B -F B Runt 48 X 4% & B F 2(Runx2), X kAR A
Cbfal, PEBP20A =X AML3, 2 runt Bl RZMBRE&E3I AN Z—. 1
A RCE AL T A, Runx2 f24%2 4] F 40 Je &) B e i o, 3k
B ERER. THLFALEHRTHLEETRERN. ELLOFH
RATAZ T, Runx2 5 L3644 B T Fadhi 2h B 7 64 3 AP & & R Ak - AT
BIFEASH, BA@mRASHES, RREDRE @A, o
5 AE Zhhe. O AL B AL R w LR B B R RS AR B IL 1) JUURE AR
1, Runx2 B RRELF 49 KA B3 A ™, dysbIr A & LR
Runx2 48 476 77 Fle Bibe e de b, iR 5 O B 4% Folt siRNA 494
RUNX2 44 £ A T 374 ARE Gl qb, A8 % s i 2R B RA 42 B dn 4], &
I RIRR. s, FHREORTHEOS. TUF I L0
F 43(Cxd3) A5 2|0 P S AT B AL e L P, T Cx43 8% & A T FAK
SR Sk (ERK) 5E M, RV Runx2 B % B AR B e Rk, B3
B AL BT . AR BT Runx2 A AT A 2O, A5 B A5 B
LR R, AR S R ET Smadd 2R E L 1Y, BEA-FRET Runx2
Fo Smad4d ¢4 £ kS, AL ARG s 7 skt —H 3 3% . *t Runx2 449

B BT IRT R @I LB Ga IS R AT AR T AR, Smadd 2R
wmied FHELEEOFGENAERE TEAREEETALILET LY
WAEE T, Af Smad4d 69374 T 800 T ARE @i P B SR ARG A4
A KBTS H 55 BT 1R Y. B A @ R 45 Runx2
Fadk 55 B T 1 45554 siRNA, B 87374 Runx2 fedt 855 B F 1 49
FARTRT R F B AL B G T AR, FLWT Runx2 T VR T 408 1 s A
W8, dmLErsk 8355 B F 1 5T ¥R Runx2 3761 207 W R E 242, FlaF
R F AR T A d 4 R

£ Runx2 sEARKAZ T W% F, RTIKNIMEFTHE, %47 miRNA
(MiR) 5 Runx2 8% Fia LA R B AR &, TU 5 U 4TIk R R B 7
_F i miR-203 44 & A ST 47 4) Runx2 69 £ 5, H55 ARVE fm e i MR, Y 2R
A, #t— SRR A B RARR 7, miR-203 #9it KA W) A 4
¥e15) Runx2 375 A4S B AL 49 k. A AFA 7, miR-29b T 36l 2L A
KT 3 698iF, Lt Runx2 #9kik, R A 4 i) g it s
AT AL 4 B ZE AU 1 miR-92b-3p 253k E i Runx2 ) B =T 494
DKK1, M mf€at Wnt 13538 %%, ZFLALBEABH 8] 70T mie el g o
1%, B miR-92b-3p W 424474 T Runx2 & ik Fs Wnt 125, =T 2% ¥ 35
AT TR Y, BAmE, Runx2 T BAAF A Rl B RATE R R
PR Yo 5 A B) B AF B e 5 B Tt FAn gk ag A o N,
222 wEARARBFETET of A RA KRR T ET AR o
FRERT, AALIIAR S AR BRIy, —F @, T ARE
KB FAEA B ATH R RS 2908 BT, T AT A A
FH—F @, FHERGLENRAERRFLALRRIBHLT X, £F
MR, BRI IR R T AR R Y. KEFRRFRE A K
AKEF AL D LB K ELE T, ARBGTH, FIH A
WA, CTHFHAFFET L0 Z4, BH T LAAIERME
1 R A KB . SRY Kk @4 F iE 4% £ 3% 4E 9(SRY-related HMG box-
containing, Sox9) #) & ik, EAIX B eI F A BB,
T A AL BACT BRA A M, R A B A B AL B AR LR
Cox2 Aiat &, TIREFMEL AT 2/hE A KR T AL L
PR F AL B LA AT R A e T, F B A8 K A o KR MY,

PARAD 2 R G AR R FAL B AR A S B E, AR ARG BRA L
WERAMG S, FAEBNE AR TE—FIgm, A4 ARG E
F A5 BT AR T A2 B) Cox2 b de g B A K T AR mRNA FE
REFMEEFSZH W, X B0 R KA E LAY 2 R F 1L 5 4
B AL B AT T R A, A2 KR 8 F A B m MRS 25,
Z YA ARL Y B TR AR R ST AZ, SUNG 4 MO 4L SRR A5 s Rk
FEAT B NEAREFREFHEREEE G, LErad XA KE
FREL A b R A KR FREZEML, G EERNLE A
FAERR T EHTAEA ST RAGT T irE. ALK, €
KOEH G T IS A IR = A, LP R T KEN AL,
(BB b g R A KR F AFRRZRR T hEmmie, mLREaT
B F R0 K B0 AR AL m IR ey B R m e, R IE KR
AL 8 P B KR T A KR RGR YT 2 AR AR 45 8 AR AL
TR, Bk, MEFIAA I8 LR R R 6 R AR EF A R FEE L
KRG — KR T, CALRAIEE FALF ALK RIAG LF LA
At s W R FhE R R A RETFRAR T RER, K
Tt E R R A KB T AR AR R P AT A B R T ATR S B At
RBNFIGE T T, vAdE R A RKE T H ¥ S AL BB 6 1nE & 2
BT TR
223 HAFFRFAETRFT ZRFRAL @I0E S B IRBL 6 K4
PR T R AEF R T LA ARG LT R AR R .
BREFETFALS R T RLBAT R T . £ X RSREARBRG KRG 10
B, LR E ISR R B RA S T 1 B A A AR R AT
ReBHA RERZ M. ZHAO F " L A4 H T AR T M0 B3 m
o7 TR B dn e A KB T Sox9 BA45% G 58, HEAMET
AEF e RE, LTNREAFTET LR FEREL, LAY
AR At YRR ARR, RAFFE T 1 L 2EAIURAF SEMIRSR
A 18] AR T 40 I &) B g i A R R 4 B A AR A B A G T AR
FHEFRET, XEREELTHEREFFET 2 AT mindia
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s ik

=g

#(40) Fmienit, Rt gee B R 0 RAFSFE T 1 AKEA
A2 PRI A, IRBIRSE T RS AA SR T 1
A, BERT ABERATFTAREIR@E, 4T 58AFFEF 1K
o EREEG. hENEARRFAMZLLES 1 0HE
i, AR I B A A, h Fels B i A B
P RLIA] AR B A A A R A AR KRR A 2,
Yets G 48 h Bp T A B 4 R A5 B F 1 Ao A KR F o9 &,
/6 3 dRE| &%, AR A RAF W IR AR A Ao fe AL A5
By £ et B E F 1.k Fatm e B RHAL R T AR B a1k
A, SRREHF R TR A LB S e b, B A0ES B T A8 & 376 F
I2OEBAFFHT L ALABFFHT 2HE, AL FWHSLRAS
FEF 1 b BBty S04 M s Bk T AR B Edpdl4E A Y, e
SAEFRTF 2 0B ZWAFRESLT T

224 REAHMPARBFAETET ARA%@BAEARE T 2@ F
gk NG EHF LR R mie £ KB F 2RSS, THEHVEL

A &4 /Smads. Wnt/B-catenin pi B 15 5 i@ 34 2E F A D B MR, 1R
BIMEAEA F, Col™ B A e, ARA 4wt A KB F R3 494 X 7T
FlEEH AL ARG /Smadl/s 155 Ak LR, Bl e A s 2,
WEFIAB Y, mE R KR, RAEI SRR Y R
SRIRAY 2208 4m L P AR AT Y fm R A KB T RL VT 800 RAEMERG #iAe b A
& FRE B B4 FAL IR A AL E 0 R, BRI, TARM
WHAKAEZEEG 4. Wntl 69535 " dpbiie], RAGmis KR FA
537 BT AT HEY, SFHEALAEOF Wnt 1553 F 4
HARE NALA 8T,

225 Sox91z5 BT ZBE-F A SRY Rk L4 5 it 4 £ 5% 4E (SRY-related
HMG box-containing, Sox) #5 My ay4s % B F, A % #HaFaie. kF
A BB FGA, AAURSRE A K. WAA R BIER LA FAA
T2, ATAHREFHEGEASFHREET, Soxd —7@ALF
LA K AR, B —Tr @, ARG Sox9 T R A i
AL F IR YL, B R B AR L BB SR A
B, T AAER N ] Sox9 4k ik P, A5 MR B AL E AR K I
miR-1 F= miR-206 49 L3, HRINRR R, CAVE LRAL D ILAE 2
AT 2A4E ) T Sox9 PRt kB dm it e 3G 5 5 s, dt MRt AL A AL
A&, SUZUKI % 9 % L Mohawk A& B 4k 5k T e ik )y SR 5B 4L
R, AR UBEIR 28 A0 i & 3k ) T B 3 9 Sox5, Sox6 & Sox9, 1T
0t SRR 2B LA T I ) AL B AT AR, X A% Sox9 AR A Mohawk 4% F
A5 B AR R 3.5 . LIAO 45 Y JRiZ sk a9 4 R, AFR LI, Sox9 7
WA HERAEZE 2FF R AR T @ICRIE DA E TR, ™
HERTIH B AL AR 2 HF 098 LT @R S EIE m
Jele k., FRETECE MALE, X AME TR S AL TR T B akS,

3 1i Discussion

3.1 BAFBATEZSUSARNTIFIGENQE R AFE i) £
AR FERAH BRI AR F AR, RENHR T EAET
% Ik IR 6 TR il 7 AL B — AR R 09 7 ik, dedE £ B BE R 40 K 2 A BUIK
bR, SRR T TG A FER, AlERT SR
AT —Tahin i, (2R AERA RTINS B AR 4 BT RN RS
FANFORT LI, ZhRRBEEGHESTEDFNG I ART H o
W R IAE# 09 %02, Rl eBstiZmmE A LR TRAEG > TAY
A — 7 1 3A

32 {FEERRBITFHARIER fHEdan. s iLEan
STk, TRAFHE AR AL A LT i) B4z 5B s A BRI  Pr2a
Bt IRA R FHATT T s, RIZRRORELRETHRE A
WAL FHE AT MR XE, FARFHELLEZES. #HLAKAT B,
Hedgehog. Wnt & mTOR 4t 5 4 % 212 51834, F) 025 SRS T 7
A Ee) Runx2, mE ARARKRF. AFFAT. A E@E KR
F & Sox9 3k 5 RAZCARAR T, HEHiZERG—FTHRRET —
FESEEL, LA HAR T @R T 5F,

33 ERNGIRM £X#b i AR RIS EY, b TiETAAY
TR AR, THRARTES GRERELERZ L, BB —R5MTRR, =
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W H T R RBIF A T B A T2 O HFRAR; Rl L FEE LA
AR F AT, BXLKRA E, THRAZREXERRGRITFALER,
3.4 ERNEBENRERRRBE WK+ FALF AR 2 BB 6 7 %,
B AT -2 5 H AE K E BR 20N £ 2 BRI R AT, Rt el R e
f B BATF R, A2B G 7 A TR . REREWIE . FREMNA
RTE B R M IRE R L, BREHERLLNE, LGS
Tr ik R A e AR R AR R G 1) A, AR AT TR EE 5 B SA R A AT
Yes) T O RA B b AL T AR, Ao XRE T, T FHEE
K E2AT T B R KAAR AR T AT e &) 25 4 F KT BT 158 49
Tk, AR 3T 48R A Fe i) 706 s B AL ey i e 77 ik, A mdhile K
G AP ROBARA i — I, TN Y@ s R A48 T LI R,
R fe kA E MR s R,

AT FAL B AR B Je 0 R SRR A R R IS B4, R
FRoGIT AR P B A IRT ) — AT R, B IER R R VT A8 09 K A Fe KR
BT &k, A AT VG RAAEE TARE BAF RGBT R IL IR
& AR B H IEANRINZ R K . BT R Ab R A B B4R 2 0
Fivitfe, mEHERAEE. A KE T B FHX1E T @A
A2 TR A — R TG, AT HF AR it m A AR K A5 5 18 A AL
& B VT B8RRGS0 R A 0 7 6 T

HR, REFRALFHNR A ELELAE, RERRE LA Z4F
Sk, AR AR AR RE R E XA FEE, 2R E
G it BB XA I AR e R AR, R RS R AR AERE. #
A KB 455 @A Runx2. d g AR A KB F 42 SARAE F48 X 69
DT EMNFARMNTFIESE T 5IRFHE AL T AL A2 — F 4948 K.
K, BZIIRTFIHE, 2B EANASTFET REYT LI L8
R ER R, KA AL EAGYIE TR REA T2 5 W& ey 204
AR, BAEEERMHEBRER kbh—A” , ZLRETFHTFAY
FIRP LB FHIE S RRRA B R NLEREFNEZRE.
T At AR A B AALA] 09TAGR,  FE R R T VA F AL B AbAR % 3 4m
FOE R MBS AR A, R @i, #5 min B AT e AT
Fos, RKEEmMICRE NS ERE N Z 504 T ORIE, IR TR L,
TREAR 20 A E AL F R, AR A IR AL B Ao F15 5 M4
PIEAE], XA )T AR RN R AL B AL 7 R 4R A

EB Tk it h A0F, AP A RF . Bl et LR E,
HABESATHE A R R, . TER. wX. MRk RTE R,
HFo Bl B L, B AL T T F AR

FIEAEE: L Fehb3teH Y, AR X TREIE P RELEF A
FR.
FRGREVERR: X2 — BRI E, R4 (it T H Ty “E % -
EBF LML - AR F XL F 407 K3k, ESEIANELT, LFeALER
A B AT RN S, AR R, B AR P . TR, B0
A TP AR, RAMEIRIZ R, AT KT, AR e LIRS
CAETA R A IR,

MRS L : I AT & RAEH 5 %43 A F T L FURSE Lt

HRRMSE: X FRBHETFTT (AABEPEENHIREIL) (PRISMA 8 );
AT 2 i R B 5 LR R AT 3 KX FRBAEE; LRI EER
FEM, RATIFOAA S MAILAE G,
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