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Research advance on heterotopic ossification in ankylosing spondylitis
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Abstract: Ankylosing spondylitis ( AS) is the most common form of spondyloarthritis and its pathogenesis is not clear. It
primarily affects the sacroiliac joints and spine, and could cause stiffness and deformity in severe cases. A typical manifestation at
the axial skeleton is inflammatory back pain which is typically at its worst in the early morning and disappears or subsides after
limbering up. The incidence of AS in males is higher than females. In males it mainly causes axial joint changes, whereas in
females mainly caused peripheral joints changes. Treatment with tumour necrosis factor blockers has been proven to be an important
step forward in the treatment of this disease. It influences the progression of the disease by inhibiting inflammation, but whether it
can stop heterotopic ossification has not to be affirmed by sufficient evidence. This review focuses on the advances in genetic,
signaling pathways and cellular research to explore the cause of AS. Recent research found that abnormal genes like LRPS,
ANTXR2, PTGER4 and ANKH can activate the signaling pathways of bone formation, then under the directly or indirectly action of
cytokines and related proteins ( such as Noggin, DKK, TGF-g, BMP and CAl), the signal passes the surface of the target cells to
the nucleus. This process can change the normal metabolism of the target cells, resulting in heterotopic ossification. Recently
clinical imaging of AS also suggests that mechanical forces may play an important role in heterotopic ossification. In this review,
literatures on heterotopic ossification were summarized, in order to further understand this disease and to provide new ideas for the
treatment of AS.
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BB ALE L PLE, %35 AS i KT 3 K& T B 5%
KEBEERKE L, A AS 60 FLALH &
fr3Cm ek

1 ASHIRMEH

FEANE D, BB RRAS R A A 4 A A
B 22 8 B A R A, — P B BT, AT RE
EEMER. YEMERIBERGE, BENE
ERGEHE, RS AR MK A4S EBRAE
EAL B TE B, R BR 7 B R b 8B T2 AR O 37
B, WRR AL EL, 70 F LR — R
HRER, B R TR IAR, oo E &L
MEEEE, RAKBHMEXTEMBIN, EES
%o

AS B9 B4 T A A R HE B 4 A0 4T 4 35, B0 A
B AT BD A T B M (8] 18 B, R T B
HHER. HiAAEEEREE S XTIBR
Do ZRAEGIR AS A XV, BB R LM,
f2 16 )47 AT 4 4 L A1 B AR, 7 AR B
RHERER KOS RBIRE, BEFERR WEFNE
g1, BRXMEERER SR F AR R
AERTH R ML B R AL AR — A KBT R
AE M AL R AR R, XN REIFEIARIERE
R ERE N TR PRI B R T R R
BUA R 18 UE B °7 U 45 31E B 400 5 4% AF BE B Wy 52 2 &
R B, B AR T RIES F A B RPN
B BT

2 AS RUBUMEXER

R RAR HLA-B27 SN, B F ZREHR 5 AS
B4k 48 % B¢, 0 LRP5, ANTXR2 . PTGER4 . ANKH
%!, BRTE &2 LRPS ZKE3 Y Wt {5538
S g R 0 X AR VN k- A E - R=a: 55,
M ANTXR2 2 E X @t 5 LRPS 324k A B 1E &
Wnt (ZEE#’ , PTGER4 %1% PGE2 i) EP4 2 {k
i 1 155 15 35 4 0 A B 400 A R I B 40 AR TS Tk A T B
R B A . ANKH ¥4 40 Mo 5 T Bl A B AR 12
HAMEGH ,ANKH — B & AR S E MK L&
BMK PR, SR RMUEERKALSSBIR,5&
SOk, EHEERMHLENMREEL BER
ASAREBEE XWHRMEER, Aot 2—fE
(AW B L3

3 ASRUBHUHEXHARETF
EASHRMNBAIESY, ZHARE THE

RERESETEEREERLRAFET . BATHt
KB BB A Noggin ZH A DKK B LA KK T-
BEEALAAEH KBAM I LENKEKH
F EHFARERKEFE,
3.1 Noggin

Noggin 2 H A2 NOG HHEFHEH—F R
BEA EdS5REERFFBEBEMOEKSS N
w5 AN KL S MR ERRES ST
PEFEEB. HEl Noggin EHMBIAE SR &
HARERA (BMP) MEER, B Em AS &
RIBHESER, FRERESWRBHRAT,
ME BB, KR 5 B Noggin HH
fif BMP-2 i%% 59 A2 LB 40 MR 45 DL AR B D, 9844 %
MEEEDERK AEARERN FHEQ 55
EEMEEFKFHRER,
3.2 DKK-1

Dickkopf-1 ( DKK-1) & —Ff /- & H , & &L
FEEMHMHE T, EL5REEREOMRE
i1 5/6( LRP5/6) Kremenl/2 JE iR = B4k, B> 41
BEESESITENZEEE, REHEWES K
s TR BER . AR ZRHEAF
# DKK-1 E# & BFERHORFHEER.
3.3 TGF-B

¥ AL 4 K B F-B (transforming growth factor-g,
TGF-B) R—HBMFHAMERK ML AREAEF, B
AHEEEHAENRHGRMEEHANES, &
AS BB AL B b, FOAR 3 AT 4E 40 1) B A 4
Modbte, i & 4 M3 o b R BB . [F At
TGF-B R& I i ¥ 40 ffg 4% 46 4 R 4 K A 7 (CTGF)
HIFRIK , [B] 4 2 & 4 o
3.4 BMP

B A & & & H (bone morphogenetic protein,
BMP) R RAME - TREBFEFRUTHUNERD,
BERNEEGHESEY K, BMP HFE R K8 ff
i BE A R o3 Ak B RE T, BR 817 3 (] 72 B 40 iR R
HEMEHELAATHH T RAM, £ BMP K&
F.BMP2 RiEMH BB AEPAMFESZHLENEF,
BMP-2 78 T2 55 3 {8 5K 44k 4 18] Joi 40 B 1) B B A
L B, 1 AT 4 4 B UL 40 B R B 1 g 2 A i
SHBRMAR . BMP 7 B & LS BAHE S
EREMEAS  BEAERRMER,
3.5 CAl

W% 2 BF 8§ 1 ( carbonic anhydrasel , CA1) fE4 4
TALMB B B 5 R B — € ER, X &N
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RV RH CAl TEAEHIRIBFEBR.
HLE R CAL AR M B LR, R AR, B
REMEFETFLEE, =AERRS IR, AT Mg
Et R, HBI S F B 7RG A CA M A
HMEIRITIE ,AS BENRUBEREZR¥ELEA
BEF, RARXVTERATEN , 7 ¥ OBIRBD,
3.6 VEGF

ME A B 4 & H F (vascular endothelial growth
factor, VEGF) H{R kL B1EH . VEGF 5mE XN K&
QMR ARG S A0 N A5 B TR B L R 3F
BN A A K A R A I B AR E T
B R B AR A R, AT B R R,
Bt EEETTEERLBINGRE, BEHFRER
B, R & LUR# VEGF ik, VEGF HRK{RHN
B4 ffa5) i BMP, BMP % S 5k 434k B9 8] 72 5 40 B
R%BHE, REFEER"
3.7 CTGF

g4k H 4 4 K H F (connective tissue growth
factor, CTGF) R — M E S ¥ M E MM LAk, B2 K
PRI EF AR, S 5WEKHAABE  EHRT %4k
HRPEINEEMRM, CTGF R HK B M AL
UREAE RHFRETHRIPETS R BERGHK
B, RE KT8 TGF-B1 B S CTGF ik,
CTGF M EERE T [ B IR 89 & R, T I SR 2 45
TR R,

4 FEEATE

EASHHTFHBRERNBREERE, METR
PNEANEEER, B2 RKNE SHEKA BMP/
Smad 1§ 5 3@ B & Wnt/B-catenin {5 S i, Efi1R
BEEMNERBATER HBERGESEARANR
I, 0 B) FE R T 4R M R A7 4 40 BT AL OF R T e
IBEEEE SN BHAREES T ERANR
HFERATHREER, BEFKE, RERVLEL.
FEASRAUBAIBRS ENEKOURITEER
R, KEMOEREAFTBEERRETERIRE. A
RUuBAEBPFEERRE T BK,

4.1 AS BiLfESEBETE

4.1.1 BMP/Smads (£ 5 BB E . AS B&RE M
A2 B, TS B 1E  RE PLBRA T F X
HFULERERBEEKEFBERE+HH BMP
FikWE,BMP 5 EAM/42EMEARMZAKE
A BEET W Smad 554 F, ff Smad-1 # Smad-
5 BEMRAL , 4k T ¥ 3E T I Smadd , 3§ TGF-8 F S5 H M

SMEBEMBEAY BEROEEET NS
LB MK R MR E, T 6 70 R 40 1L R
B4, Noggin  H & BMP/Smads {5 5 iffi B% B9 1
HHEF, TEEHLE S BMP2.4.6.7 ik K450 HE
TSM6,HIEXEEHSE BMP Z k&4, MHl
BMP 35 #1021
4.1.2 Wnt/B-catenin {5 5 & B ¥ I&. Wnt/B-
catenin fF S @B , Wnt EAR—XKEH B2 W
FAWEEERAMSBEBEEAQ, REENARSI
BGEERASF,. Vi BASKZREHEAS S,
FERBEEE BMEREATREANELSE
B EEXELHEERSRBREILESEN,
W HE &AL S B 10 68 IR & RS W AE 3 BE MR AL B-
catenin, 3 B-catenin NEEBMIEFE REEN
TR H AR, #E T B-catenin REHBHME K
W A2, 3 40 B S Y Y B-catenin & B b T E A 40 /S
BOFEARBASHXERETFES, R ERER
By, 5 BKXKEBERAREH. DKKs ZE R Wnt/B-
catenin {55 1F #& By 41 7, H b DKK-1 1 DKK4
ALAME Wnt (558K, —“EFLUDKK-1 RREE,
BIEEEN Wt 5S4 HEIEREARASR™ .
4.2 ASHAMIEAL  BIFER T 400 AT 4 4 L A0
A

HERTHARBENEATER EREERX
BT EFRARAM, HXTFR LA AS &
EEARTHBEYORESLENPABRTTERA
B, 43| 2% 8% ¥ BMP/Smads {5 5 & B A
Wnt/B-catenin {5 5 8 B gL 8IE , B B /R T A M =
RSB A, & S BB A W R E
AR B AR RE A, B A BRI BB A
M. FEE BMP ST, B4 48 40 Mt 1) BB 40 g
b, RBMBEERIK T ERES, a8 8HH
BERERUFBERWMELMG. BERTE
R R B RS EURL, B 4 IR TR R 4 4
K. BRAEESERERKBELSBL, BEAERA VT
o ARREVAS BENRALEAREREER
FE¥FABFAAEIERBAL ™™ /R ASHKH
FUARNE ASSHBRAAERABREHARTILE
X BEFEWHEER T WA EME AS F1ib
HWEEHEE.
4.3 T HIEREE

£ 5RCE 40 0 Be A 4 PR B 40 PR A A — i
BHRMER RAIERDME. BETRABREET
FERF/NEPILE EEEREREBERSIE, Z
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R NBEMAGS, BIGE NG EEE N RERK
A(HA), HAGEBMABMSEE 8 THEKE
ATHEAR. YEFR/DEIERERISETANBE
MRE TR, HA RS %S ERIFT RTUREHE,
MEEENMETEREAS 1 MKRFES S BR
B HARE Y &k A BB AT e b gk g A R
BASHBNBEER, AWRT ZA, EASHEE
HRE RSN CAL BRA,BR CAl ATiES
558 Ko
4.4 MEMNEFEAR
MmMEITEERESIBAELEHEFEEMTE
o HEREE 4 M43 VEGF, 3¢ M40 B S 2 i o
BREE FEFENMENKEEFER. HE
B I O AR A R A R R 3R S H TR U
BEFO, ARREREAS BEXTHRAKX
ERFTHLES RUREFVOEHMERMVELITIR
PREEEEM,

5 RUBHERSH

EREWRER, H Y AW RIS,
BARRBEXARA, FUERERTHENGE
SIS B d BB A X R TI0-T11,
T11-T12 T12-L1", XA 86 S5H B UL AR %,
BRZHIEEPEREKEETSAHSR, X&
T N AL S BT A3 AL B A — B, WAL
RS T EENTERE EFERRE RS
RALHMER

BRBSEH I THE L &R, s m b4 K,
RS SHEAR TR A T AERNERME, HFBEHFY
RES, BEHREHRTHEEMIZ, TS
BRI T RA X, 5 IR B, 4 B (8 B L fth % oK 52
SHBRHEHUERS R E, HRRAEEE LN
HER RS, Rk MM T A,

6 NG

ASHIRB R FERIANRE B REMMFAL
BB, AXERTRTRUEFNE RS
&, Zf £ E I HLA-B27 .LRP5 ANTXR2 £ R % %
REE B L5 58 B (BMP/Smad {5 5 i B #1
Wnt/B-catenin {5 5@ B ) , E A ME ¥ XX
BHNEESRZEATHBEERGFSA2EHM
RE,#HTEADRE, RFELBTRE, BELFBT
BEE M. I Noggin, DKK #3 /1>, BMP )3 fin i
T 5L F M 538 B, Rl Bt BMP . TGF-B,CAl f§

88 o {4 4 4 L L A BT A R R A
BKAGERE R, BEAERR A FL. E5REH
FRI AS R BB, I R B A 5 B
RESERAXKHR LR, M-S HRHERN
MME T REAGEH RS KE, a0 5 R R
1 ZEETEAS, BENE AS &%+ 8 Y HLE
MAE, BRTIAN AS ol BLR AL B LR R X
WL R R ) — R HL AR AR 7 R g B R AR KA
Bt — R, AU AS KR M PLE BB
BATXER AT, B MERAKF A TFREKfE5E
B R AARESHERNSEGTRER
— A EEIRYT B BB, £ 07 TR SR, TR AL
e, NTIAEE R AS IR AR, BFLERE, BB
AS BEEBNBENRAEERE,
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