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Mechanism of heterotopic ossification in ankylosing spondylitis: research progress
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[ Abstract ]| Ankylosing spondylitis is a refractory autoimmune disease, and heterotopic ossification is one of the most

important pathological features. The mechanism of heterotopic ossification in ankylosing spondylitis involves many aspects,

including ossification-related genes, ossification-related factors, ossification-related cells, ossification signaling pathways, and

mechanical stress. This article elaborates the pathogenesis of heterotopic ossification in ankylosing spondylitis from different

aspects of multiple channels, pathways, targets, and factors, hoping to provide reference for expanding clinical and basic

research and in-depth understanding of ankylosing spondylitis.
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TREAGRITEZ AT, 2 wis . L. £
flrl. ZRTRE R, ASCHHHAT Rt 4xim
RS, HTRANRAS #2127

1 AS R BLHEA

SO E A RTRTE IE 5 53 R G Z M
oh B0 CR / BCR AR TR L 2 2 Y B
o AS SALEAL LA . WIS 2
PR /e AR AR AR i B R R,
HTE B2 i N B AR A s N 1k 2 o
BB A B A A S, B AR A T
AU AR RN B R B, A R BT AR ik R
By B N E R BCE A S T, R A
BRI HL, 5 AS FAafediE., AS
A7 B A Al ST R BIOA BICHE DG (Y 5 ELalME A
KT I B8, FEAME OCTT W R B R B A
FNAIJE S A il

HERZEEHNT, AS BF LR, Al b alng
FEAX MBS0 E, 60%~T0% ) AS [B#
TERAG S Lo MBS R B . AREE 1984 4F
BITHALbRIE, Tt EARIRAFEZER, B
BERAK S AR A A, W] LIS R AS P,
WU AR 2 AS B H S Ry, FAET R
B A FHT Y R RS 5 T RE R TR 56 1 a9
Joa U, DI RERREASRREE R R K YE ;s (HAE
WS v, A SR A D RESZ P AN OG5 15 352
B 1) S S IR 7

H 1 2K ] Bath 5% LR AE 28000 PR 8 45
T AS B4 S B Stoke 58 ELE T HE R H
H:3FEJr ( modified Stoke ankylosing spondylitis spinal
score, mSASSS ) TFH AS BALFEE . H. A" mSASSS
DUH B AT R . BRI, H5 AS B35 1Y g
BN, Fesidh, SHERTIE . SR, M. besk
W EE, DLRJEEMERTJE . O 35 20 B 55 16 3 Y fig
FE, BN R RATH AS BRI B ek
PR A O RPPAL U 2 TR T RO A 21 215
FETEIG RIS 8 FH mSASSS, sk thA7 By FH 7z
{1 /. mSASSS 135G Ky 0~72 43, ALEHE (C,
MER 22 T, Mitk B2 ) FIEME (T, HEA &2
S, MEMR %% ) 15, ARG IR A HE 1 K2 L,
WXL EAZ/ D024, LIRS ETA ] g
MIE AR L, HeAh, BRI RS E AS R

mSASSS Il FHE . MR ATIBFSE, 2 4EN 2 4>
mSASSS B AR (RAR=1 AL/ AR ) 5
HELET A B A B L I AS HER D .

i B U AT XU 16 B i e AT R BOKE X 2
FE by v Bl U HE 5C T R (axial spondyloarthritis,
axSpA ) [ —Zkdr, HVREER 1A B FE O R
PEAT MRIKGEAY, JFEfmAE S | A TG & CT s
SERREAE, CT AT B T 1 B R 2 0 X £
Fi 5451 L ok [ SIAS BAA Y 45 3 WoR, S1E
g8 X & R R A AR L, IR CT W 7E AS i & i
T3 T Z2 8 B A, RIS RT & Bk 22 508 B B B
WL F ke, IS HNCT R A L X
T axSpA /N T3, 24 MRIANA HIRS, CT &
— ol i B SRR A L CT RE % T AR HUIT A
AS BEHH P E LR, R T CT WAL 45
R, BEIT IRl axSpA H 35T B 8 i 5T B
M‘E&[B] 5

2 AS RAIBUHZENH

2.1 ASSHHAEAAcAn xR E AT E B27

( human leukocyte antigen B27, HLA-B27) J& AS
AR MR R, R AR R AT B ] A LA
PEVARE 1o 85309 X- ZEGE I 1 EWHIE, i
95 AS 8] 78 JiT 1+ 41 g ( mesenchymal stem cell,
MSC ) H & FR 37 A4 B/ 2H 2L A4 S P a1 1l 1 Tl
O AERREE o RN T A R BRI B B
IR IR AN ] A

T, —L8 miRNA BEBS T AS G54
B AT AE AN 3P O B A, U miRNA-214-3
1 HIE A & A 5 F( bone morphogenetic protein,
BMP ) /TGF-p il il BMP2 il AS Ji £F 4 41 fitd 1)
R AHE™ 5 miRNA-148a-3p 3@ 1o 10 ] T i 0 3
Dikkopf [f] &% 1 ( Dickkopf 1, DKKI1 ) Bk
FIPG Wit 32175 BUAF A A M rd il oAk, 3
BT R L miRNA-96 78 8 11 0k
WS AS /MR Ik, Hild SRS G
% Wnit T 5% SR A A R R
i 2 B A SR A A i TS BR R E 324K 4

( prostaglandin E receptor 4, PTGER4 ) J&5 AS
KRR HE EZ A LU AR G K (major
histocompatibility complex, MHC ) %t 7',
PTGER4 iR 5 i 32 52 /K EP4, EP4 ZHIVIMEER
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E2 () 4 Fpazfkz —, 1 EP4 S54FBIPE T 4000 17
YIS, IF5 Bath 38 BB R BEMTE ShHETE 4k
( Bath ankylosing spondylitis disease activity index,
BASDAI) ZIEAHX, MHE TIE® A, ASEHF
EFNEHEZH 2 EP4 2 53R 18, PTGER4 RIATE
AN, CD4T T4NM. CD8" T4 [ 4R &
i B B T, ISR s R R A K
AS BRI 5 MSC 8 32 31 A EP4 i H) S
B Wl R T TS I 3 e, ARG SR R E2 = 5
T, JEATREINGE AS Gt T,

Zr LRk, AS SAOLE AL & A 52 2 Fh
=, MO EIMMARZ T B I 5 MSCL BLEF 4
4 f 45 BB AT OC R V)

22 AS FALEAR K E T

22.1 DKKI DKKIfEHN AS S0 B 1kt 72 i
JOH R 7, RE W% BELIKT Wt {5 538 5% A5 A0 B0
YEH, AR 2E AS B2 o 3t F o AN i,
DKK1 RN & R4 R, e amdi, a7
R, DKK1 KT 5 B Wk, i
i DKK1 BERSRH B IR0 R . i o
FERIN, FHIT DKK1 XFHEEE I R 1Y SORERER A
S, B 520 T B R DA A, TR T
X BURR AR (05 AR KSR 4 A A TE B RRIE
e R DKK 38 o BT Wat (5558
BEAE SR DG 1) B A A AR Al R AR
222 BMP2 BMP & 70555 8T N EIE KT
A, EAERF B OGRS R A Ty T SR
Ffl. BMP2 J& BMP/Smad il i i —Fl SCHEHE 5 2 11,
TE I L2 rh 32 B B o A5 1] 78 o 40 it 6 36 .
AS B H 1Y BMP2 Rk K g AR &, HS
BASDAT Pl (555 1% S BE A C 2 0 edh, PR
BB SN = A SR i A AN SR B (—Fh
BMP2 #5505 ), $&R s N E I BGd R BMP2
SRR Y L T H DBA/L /N (—Fb
H&PE AS /N ) FsE T, kB RIRTE
AS FRFFNGST AR, SR IEYT AS B
TSR B TR

223 TNF-o TNF-a /225 AS S0 & 1k iy ¢ 5
RAEN T, H5ARIG st AS RE ML, 5 EhE AS
R G T 4 4P TNF-0 32 36 K F 30 55 2
IRV B TNF-o {2 2 B0H 434k, 15 W B TNF-a fil &
MSC & [ iR 3 3R, X 1 AS B9 507 & fb i

PR TNF-ou 30 1 30 355 A 40 i R 40 B 4 5 Al
FIIRE G2 FRE RS | 8 . B IRk, hg
5T LT A 200 i SR AL B 5, T X R S A Y AR AR
AIREE AS HTE U — N EE N E, HIMESE
BAE, —IKE 8 RN R o8 W, (]
TNF-o #0652 7 R+ U5 Bt A T
—EMHELE Y L SR I RTSE N TNF-o 16 507
ferp Ve AR A T 8 — 25 E R, 18 3K TNF-a
SR I T 24 AS IR R, iR ANE £
KR, AR R, MHE SRS, I HIX )
YR A SN IR L T B IE R, RO T
SR .

224 IL-17 IL-17 & —Fh CHER {2 R 4 A 7,
S TL-23/1L-17 il op 5 22 1) R AR 5 40 F, AL
A B MO RN AR B R EZAER,
FXTE A EE . 9L, mkIE IL-17A
T8 1S Wnt10b/RUNX2 38 B2 7 MSC2 #ifk, 5
AS BB RS L L 1 AS BF T, v T4
JRORSER I, SRR A 40 T R BE S = A TL-17,
fEBERT B AL o IR IR, TIL-17A Hraps
YUK &) PE A 9Pt (secukinumab ) AENS P 25 2%
AS BH MR FARIE 2 | F Al A0 i 2 bk
HEHE TR YT axSpA.

225 HJ4E & A (matrix metalloproteinase,
MMP ) 3 MMP3 #IA N & AS ‘B 45 #4458 1 i e 1)
FO A, K RT RS T R R B
TEEN . SSRGS R TNF 30050 0367 R 2
MMP3 ] HE/E AS MV FE 2B A= Yin W), TeisWis
Pegia it sh e AS 3 Tl L 21 40 MR R AN CRP B
HER Y L AN, AT LB AS HE BN MMP
R B 11 7 BOK TS5 RG] IR AH HE i 25 T
5, G REX A S B R A B IME Y .
226 HE EFEE—MAEYTEEYRE, BRIl
S5 WU RE L, 7 SR RE AN B T 2L A 2
Mo PRk R 2 RIWEZERTHRE, 5
AS HBEA MR IR R e L ARTET
9 ZAE A E R S R I, R T REA U
PR, T R RE N AS B T R A A e B A B
HZE. IFRIRIGSE R R, s ZKFEE R T
Bk, S AS BAE MBI R, X ] g
S PE AS BB HHTE T O S AR A R A
ng] N
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227 MYC AS BEBH 0 S 2 240 B mT LAAE
1 5 RE 35 I T o S B S PR 40 Ak ok R A
i, RG-SR0 8. MYC 2R 40 /e i
—FpCEEE TR T, R B, 2R RBETW
MY C AT LK/ IN R T e 55 A0 b i E 4 i,
MY C (i 26 5 SR R AR A6 B o Jin 255
LT G AS FE SE T 48 S8 AT AT 4k 40 g
1) MYC Rk /K, KB AS B P MYC 7K
W TR G R H; 2 MYC BRARE, SR
BE oAb B 75 F 0% 77 00 1T Ak 20 b i 1
1 BMP2 (38K TR, 00 KEREAE, R
MY C BE 1% 3 1 9 775 56l 14 Wl 52 il A1 BMP2 = 5 AS
SO A, MYC L 7ERE B 40 o4k ol
AR, PEHGE MYC 7E RANKL 75 5 4 1 1 200 i
R L MY C AR — s A T 4
HF, 76 AS SRAE ST B L2 RIS TR, fii
JCET 2 20 B B A N i A, (R T AS B
R
23 ASFAEEA K it BSOS YRR 2
0 TR A: A 2 A0 RS P S A I B 5 AS, I
S0 EARE DIAHOC, kL 2 i i 3235 IL-1B
TR 20 AR A 43008 TL-17 A, 3K 5l MSC [ i 3¢
oML, SECREIEA Y . [ HLA-B27" axSpA
KB B bR AT i 2 B L ) A8 e A R R PR e R 2k
&, HFIRIER Chp/p300 A HAEF R A BE I+ 1
5 Wt W B VI EET . CD8T C-C #F #
PR F-32 1A 4™ T 40 AT LA B4 2508 0B s s B IR
RUNX2, Wi CDS8" T 41 i 7] fE EL 52 0 AS i
R, HS R T RGBS

B #E [8] 78 B 1+ 4 fg ( bone mesenchymal stem
cell, BMSC) J&hU B RIAZII, AS-BMSC HYRLH
TRRE R T IEH AT RE & H T DKK 1 ik FREATEL
DKK1 #ift 2k 5 2 046 T #8890 45 20 40 (1) Wt 2
1, B- IBCER PR EE P18 C-0 MO BTG 138 T NF-«B
FINK/ S006 8 1 IR S stk DT A2 2 i i
20 23 P R R A0, o B R R
AR, C-X-CHEITF L T2k 4 mak e i
T AS-BMSC Wil #, FEAK T B- A& 1 W 2 fh /K
-, FfHESR T Wt RS VEY 0 BFSE R B, AS-
BMSC B S A A 53 i 24 T B BMSC,
Jf H AS-BMSC Wy IHEL48% . s AIr m M2 T
fat3E N BMSC " o . 20 200 B [ ARE J2: J i i Pk 4

Ff, T A 43 B R 1 C B A0 M AP R A 2
Fft 1, SECT % Hippo/yes A1 G & FUE 5 006, #F
TR E S ek, SEAS B NRE .

2.4  AS FALEALAE £ B

241 WntfzZ#%E  Wnt{s 58 HEAHLE Wnt 15
H e i i 4l i 2 BTSSR -B IR L, i/
SR AL ERE . DKKI . RSk 22143 0058 35 il A G
B A M EIE A . AP &M, A TNF
I DR /N SRR AT S50 32 S e A A0 R 14 4R
fh, {H BT DKK1 REG% {2 2F Wnt {5 5 38 i 5% 5 A
B} AT ) L Appel 21 i, AS ¥
I BE AL ZR AP T e A, U AT RE S5
B B IE AR G, Klingberg 25 R BR, 5 ikt
XTHRAIAH HE, AS fR3 ILTE Wnt-3a K V40, B
Wnt-3a FJ HE5 AS BE B AU A X,

242 BMP/Smad & F # % BMP/Smad il % 5
AS B LB AL AR U % AT . BMP2
FE ST 2L AU 3 2 B A IR 7S R AT i 0k,
1 BMP6 il BMP7 = ZL7F 508 41 il Ak g 4 (2
FEAE ) Fik !, Chen % WISTIESS, SEH:
AT M A A I AS B, BHAA AS BF
) BMP2, BMP4 F1 BMP7 % BMP/Smad iffi % #5 [
KFHE R AN, Smad RIIE N BMP {5 55 S
WA R UAR S, IS & PR s /N URN HR
T AP B RR I Smadl . 5 Fl 8 FIAIH N,
ARRFITIEIITE AS BB G R, BMP Il
WKT-3EN, {F Smad 5 FIBEIRTL, M LS
BMP/Smad {5538 %, {2 AS B 3IE L S B H K
TRLA

2.43 Janus 3% B (Janus kinase, JAK) /2 5% &
K % B F (signal transducer and activator of
transcription, STAT) 55 # ¥ WM, ASH
AR 8 BRI T JAK2/STAT3 38 B84 S 14 i 4 i
JEAE O IL-23 J& Y STAT3 BUE#I, fesfink
JAK F STAT {55 5 43 T W 98k S 1, i i IL-22,
IL-17F #1IL-17A 4087 SEOREMEE A%k
B, ARSI AS BT RLE,
i STAT3 {555 41 il 57 U400 ] BMSC B384 78 1 ki
X I A

244 % /8 ® F (hedgehog, HH) #1 Notch 1 &
T H HH R NE I B AR g S 4 A
T AEELSh Y 3 B HH B A N T
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(Indian hedgehog, THH) J&if T 50E M &L 3
P HH. I REE /R, HLA-B27 FRAEAMAM 7
THH /K 781 8. 25 F HLA-B27 BMEAMA ™ . 7ERH %
RUAZ, HH 5 538 B Re 8 0 2838 1 TR AH O
PR R 1 RS AR, X0 T AR 43 1)
AL ST EDY L BRI — TS R, F I
Y (HH G B 0 SR SR 4 ) 09 S PR i 55
BERGLE AS JE )5 I B A, PRt HH al
fEJE AS FUTRTEIR YT HE 5. Notch & FUZ B E IR
AP F, 7 AS gt # v 5 HH AH A
Fpt, P Notch il B HEAS IS HH {5554 =,
M HE ST S SR BB B

245 EAHE A (protein kinase A, PKA) /I ek
Ji R TG 44 6% B ( cyclic adenosine monophosphate
response element binding protein, CREB) & &
i B PKA/CREB i i B AT I 1E 01 4 il 2R
KA HE BT AR AE L, 43500 el FEAR S5 R
Z MR (parathyroid hormone related protein,
PTHrP ) FUGER A0S, 1040 R 20 M i o B A=
KACE X AS 05 Ak AR K5, — i
W 5T R A A 2 BT UESE, AS f8 35 SHP2 it &
B A M b R AR 3 I, JF B 5 CD4 & A
PEBE A R /)N B i P R A R P ) JRARRL A
B RT3, RS S B SHP2 i 51w 240
i f¥) PTHrP fi& % 3 i PKA/CREB {55538 i il sk 4k
BAM A KA B IE G b, HIRERSRESZ (R4,
B suramin VY7 AT LAEE CD4 S04 5 R AR/
BRI BRI

2.5 AL FAL B K R ML 1T
Wik TAMA (AhJ7. EAREAE ) MiARTERT, 7F
YA 238 Z i) = A AR AR R N ) s bt #h
SARPERL, 7B NS IE IS 407 ] 42 3]
AERTHIAE . IR, 28 5 At S K ¢
A7 ST R 5y B K i Y — I
PERET I AR PR, TAE AR TR Y AS B3
BARAR T3 75 oK B8 AR S AR T B8 J7 Th A7 78 S ™ E Y
B A, MG PRAFFT 2 T UESE T ML 1 %F AS 5%
w5 TS S RESE T, Jacques 25T LI,
AR GUE Y TNF /N FRUBR A 2 0 15 6 7 %o I Lol
2 H AR, [ SR R 5 T L [A]
AR, VEE g2 AL )2 AS B R R I
BB AARA R, FEARS A S g rh, R A

P AS BE BNCE S, AR R 1 BMP2 ik
BRI AN . BABRS RN, TR R AR
T 1 7E AS BBE S PR () B 2 a5 2 81
SR BUE, IR ORI A K
TP R e T A2 s B Bl TR R,

AR R R RE S X AS BALF= A5

26 XELFILFHGXER ASEITHEETLS K
A e R A SRAE AR RSt RAE BB, RIIR
JiE & AS HrE IR fa B R % 2 —. IL-17A 5 AS
BT I E, LEMRAOFIHEE Toll BESZ 1A 47
MSC1 M fk If 38 3k TAK2/STAT3 i 48 30 il il 1 43
Ak, i R K B TL-17A {2 39E Toll #5324k 3% MSC2
B Ak I3 1 Wint10b/RUNX2 3 #8 i ml B o0k 2
SRIMT, AR R, FER5 5% B 20 M B >k 1 A
A0 0L 1) 45 1 45 35 3 L RR 2 45 T IG5 1 TNF il
Al S Wnt 85 A &R IR U BB AL, il Ak A
PR AN I G S B 9 ik P R 500 B TNE SR80 375
S DKKI1 B Il B .

TNF 55 et (i 2 i3 JE A I RS S, —
TR 3 4 A BE DRI 9T SR, A TNF 3006 570 4%
AT TNE 00550 390 14 E AL R AR AT i !
2 7 et BsF () ) B D I 5% R, TNE 000 46 551
M BRI S B gE, H RN Y
B o BeAh, AS B E IR B U f 48 7
S, R H R R ZE R SR FL s e A
K, AR AR

3 N 2

RSO AS S B AL A A BIAHSCHE N 4R i A
T B AR BCEE . BB ) RAE RO
SEITI, RGLATHHLELS T AS AL A AL BT
&, NZigte, Ziak, 2. ZINTRART
IR T AS SO AL, BAEATRAINIR AS
R AENHIR IS %, AS RACEL AT RER th £ %
SRR T I A Y, K AT AR B fa) A= ) ) 51
TESE % B A T TSR AME R IR, TF 4 AS 1Y
PRI AT HH I

(£ % k]
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