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Pathogenesis of Ankylosing Spondylitis

Hye Won Kim', Sang-Hoon Lee”

'Division of Rheumatology, Department of Internal Medicine, Eulji General Hospital, Eulji University School of Medicine, “Department of
Rheumatology, Center of Arthritis and Rheumatism, Kyung Hee University Hospital at Gangdong, Seoul, Korea

Ankylosing spondylitis (AS) is the prototype of spondyloarthritis which shares complex clinical phenotypes and risk factors,
both genetic and environmental with other chronic inflammatory disease, e.g. inflammatory bowel disease. Human leukocyte
antigen-B27 has been known to be the major AS-susceptibility gene for more than 40 years and these molecules have distinct
quaternary structures and biogenesis; at least three different hypotheses regarding the contributions to pathogenesis have been
proposed. Advances in the discovery of novel susceptibility genes have pointed towards important biological pathways likely
responsible for AS pathogenesis. As such, strong involvement of interleukin (IL)-23/IL-17 pathway has been hypothesized. The
disease is characterized by inflammation and ankylosis, mainly at the cartilage —bone interface and enthesis. Besides the genet-
ic background, environmental triggers such as microorganisms and mechanical stress are emerging as initiating and perpetuat-
ing factors for AS. Current concepts regard new bone formation at the enthesis as a pathological response to biomechanical
stress and microbial consequences such as dysbiosis in gut inflammation. (J Rheum Dis 2015;22:61-68)
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kl =2 A=3 A = A olgl= ¥eld EAT human leuko-
cyte antigen (HLA)-B272}= T3 254 34 ozt

AAA K EAE VP E st HFWARALS AA A+ ol Ao A ZAAA HI3d AT Fukel =3l
9] 1% ol A 40A4] w|Rke] A 7)ol AYsl= wHAY Aol i, FN ATt obel 7| A od ] Fadk
Aed Ao A wAq], Hx R, AP HE tofoltt. FF2] ARIZH(tumor necrosis factor, TNF) A
A2, BAH], Fxwute] 5o 4 EAS Helr A= Hl2=E] 2] =A) 493 Al (nonsteroidal antiinflammatory
HEDAALS JFAQ A FB9lo wel 24 F4 K3 drugs, NSAIDs)oll A4 & Kol T55 433 55
A, HxA HAFRAd o2 ok AlRdes 3 T AR} WAAATA NAE o] FA Kcks =l
He hedddd, AARAdd, A58 A e, v E H7He 3 giok webA] A H3ed ] ulA o A
3 3 P S5 Tk Aol Ade] #A A ek WA mAUSTE St o2 Agt 23l gt
ol a1, o] 52 AE AU 9 Fde B wnk A7} Z3x]a 9lv). 2| interleukin (IL)-23R¥} endo-
ofdel, el Al glo] LA AFA S HQloH1] plasmic reticulum aminopeptidase 1 (ERAP1) 52| 37}
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Al A FAAL v A A A We] Aelol uigk A
vlel & Algsla glom, IL-23/IL-17 425 w2 3
22lel] gk vh7de] slul 2wl #edxl 54 X587} =9
=i doH[1,2]. olflols, AW ATF B4y 9 71AH
2Ed| 27} AAA HF el Fu QA 9 A& eQlo
2-g8 ¢ vk Adst ZA7F Aoh3,4].

B TN 2T A HFEe] A el gk
A QAo 58 AojB, AAAA ofsli= L o= A
W oAy 7)Aol thsle] Absd WA}

e

= =

[ (=
AAA M iy JAlE vhE del gA 2"
A4 49191 HLA-B272 AWslE 7M7) Bxnel
g 2 o] 5w 2] remodeling 2 ol A]
A= 7MY, dSde HAE Z1AH
ol ¥ Fesithe 7HdE Asta ek

Human leukocyte antigen-B27

A48 X3S skl HLA-B27 ¥4 &

v|3l] §-2Js}A =ch. HLA-B279] A3t Ao o
7P Fo3k Al Ak glew, o] AW 9l
= 7H Aslel W 7S tEhe el T SR
& 4 9o} ojwl major histocompatibility complex
(MHC) #AHHctE @2 Ateh F55 WhgkA|nt Ak
HAIE ob# HLA-B279] £33 A4 adE 1l
WA S

MHC class 1= 3709 =djeloz FAH F9l B2
microglobulin®. & o] Fo]#], AollA] F Lol 7|3 8ol
A 110 B ofm) st Zole] g Fefo] =& CD8" T
Al 2zell A3t} HLA-B277} vh& MHC 13 723 o2
o2 A2 P2d¥l fX]el arginine S°]# ¢l B &g 71A
3, AR AR A ¢k Cys-67 #7117} EAlgtel= Zlo|ch
[5.6]. el&gt F+=3 54 HLA-B277} sjelo] = Hol¥
A%, AR ol A, oldAE A= A vl
shedl, M3 WA o Ao Hofsl= wAYSTE vha
I 22 A 7R MR Avste dl 277F "7

1) Arithrogenic peptide hypothesis

A7} sjero] =9 vl fARSE Al d-doll HLA-B27 A
CD8* T A|Z7} uF2go g3 27} W uk-e-& o
£ 7H4deltl HLA-B*2705 FElE d7el] up2w, HLA-

B277} A sl selo| = 704 1570 AES vha 7]
ofurAto g FAEM, dFolit wiet R slefo] =
7v F7b =AY, 3] Ea fE vhelelol A3
ol-g- AR slebe] =X WA E Q8] BedF LA W
setol = Helof Py otu|slete| & Ll E 4 F skt
%l ERAP1¢| HLA-B27 <A 744 H3od3 dxst o4
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A Hlvke FHollA[9], A%t Al seteo| = Az 1l
AR TG o] Fast HFo] F = Qhrk= He A
Elg=

100747} @& HLA-B27 o} FollA] 7324 X Fq7 3=
% Z1-& B*2705 (Caucasian), B*2704 (Japanese, Chinese) &
o™, B*27067} B*2709+v 74AA M 319 Wold we| &
4 A ek B*27058F ZAAA HFEAE dovA @ o
£ o8] Xl 3 B Y otn| e Abtol At 7} of
Hule} Foldt efo| = BRal ol F= WstE A
o] CD8' T A EE A3kt ol dg-& vA 714
= eb[9]. e} HERAAA g Fo] CD8' T
A 2] Ak A7} o7 FZFslw, Ax]o] CD8™ T A%
7} 743 HLA-B27 44 o] F =3 M5 34 A4

He FQ AR ska A Tl 54
A odul-goll 7|k 27} 353t B o]

2) Heavy chain homodimer hypothesis

42 microglobulinell4] ¥2]¥ HLA-B27 237} F 719 =2
AAAA] &2 Cys-67 2715 F8ll & (homodimer)
£ HAsto] AE Fol W=, killer-cell immuno-
globulin-like (KIR) &A1} leukocyte immunoglobulin-
like &A1& 712 AAA AU T AEE EA 34171
the 7H4doleh. HLA-B27 934 $hAke] @3} dhatelol A
SFolgAE YAl KIR3DL2 8415 wdste A
A4 A Z L CD4* T AZ7} Z71E0] 9 AL o] 7}
Aol FAZE "HeH12]. & 7o) ofeld Agte] A4S
Z7HA)7| = AL IL-23/1L-17 73 Zo|t}. HLA-B27°] A4+
Ao 2 HLA-B277} T A|EZE AZF3slo] IL-29} interferon
r & AAste Ade bEA SFoldAl= KIR3DL2
S-A|ol] delEo] AE7} interferon ¥ S Enlsle= AS
2kl [L-23 FEAI9E IL-178 En|eA gz i A 2T}
Q3 B fdele] WA WY S =A%
[2]. 7+ oF&ell whe} FFol @Al FAEoIv WY &9
o] F5Ag Fol AR thE g 714 T Qlo] E 7pAdoll
i3t E718 Q1 2471 9 8)el. HLA-B*27063 22 wol
A ofi 2 EFolahiE 2 WAeks Ao deid 9
[13].

3) Human leukocyte antigen-B27 misfolding hypothesis (in

endoplasmic-reticulum)

HLA-B27< wild typelth 3 #Hgo] =7 SA4lo] 2l
o] Y ol A Wrh AEE AE Wl LEAIA
A9 A A el el F ¢ e £xAH £2E
gl P&l E-3l (endoplasmic-reticulum-associated pro-
tein degradation) & 753024 £¥ A FAS FA
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ghrt. o4 A3 ¥ HLA-B270] &Z A Weoll #olA =w
2EA| 2E8 27t whAlstd, o3 22 v Hd o
HF-S-(unfolded protein response, UPR)o|gl= L& &
A AxAdd F=rt A3k £F A W chaper-
one THHAQl BiPE HiollE AEdA A4 IRE],
PERK, ATF67} v]&-4 3t el 2 ol =5 o Alshe}.
ol 4 A¥HE &£ZA thiidoe] HA wolA BiP7l 4H|E]
w IRE1, PERK, ATF67} BiPZXE| =24 A3}
5= AEE ul 24 53 interferon A ¢F 742 UPR &
fFAREol A% 24 =) vhek UPRe] A g3l AlZ=
] B ew Y AEE AR A S Fulshe
dfsle 7o HEA Ho] Ax £xA| 2EHAZRE
wolupz|ut wkek ~EH A 7| 7ke] AU X} g A
$ UPRE] 3+ A|EA(apoptosis) & Eyteh[7].

o]+ A3 ¥ HLA-B27¢] §4HsF UPR toll-like receptor
oF & IL-239] BA S st A IL-175 EHlele
AEZE AS3taL, ok AFA A27HQ] v Al &4
3} o]oizlrt[14]. HLA-B27 |4 412} F] o] A=
£ TNFE 25314 H3 o] 3= Fali7t o] £F A £2E
g7 fE s, ol9F o] IL-19] EH|7t Sl
stEAE7F AFH ek 38 FA]ol receptor activator of
nuclear factor kappa-B ligand (RANKL) 73 Zoi| 2|3} s}
ZAIE S A= Ao zZ 4#A interferon A%
EH|Eo] 27 ShZ Aol digt AnkEl anE dode
d], o] =gt} & S SAlol Yol HFiAd
o] ol W& vkadsly| = dheb[15]. 3| HLA-B27 ]
3 o]4e] UPRe| ok} A7} EA] (autophagy) & Z o]o]
Aw 7l IL-239] 243} BAUvhE Barrt Qlo] &£FA)
ZE#| 204 UPRE o]o|A &= 7t FAIE Al7|ehe

A AR e G5 e ole & 5 g, ARl of
= 4 Fhdde] AR Aol & 5 gl FEo R 3 7HA of
9] AU Zo] Walol el @ FE glek. AR A7
Foll A WMEAE B97} B, ob4 HLAB7ZRE 2%
4 e Ael7ke] A Ee AWAA olojAA EHom
2 7S oY u) FHH Azl Baset.

433 T AYAQ
FHAge Mt E 54 F
shue 5 $4 Aoz, B X 32] 72 (ankylosis)
.ol 3hApe] TR ot Ve
AAH A7k A] o] & = Qlo] AT H oz 3kA}e
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Pathogenesis of Ankylosing Spondylitis

%2
3

= Zoleh, M) WA 24L 21717} 4
b2 314 A7 2.9 717kl A e el
T2 £44 AT vl ol ol k. ® us
Sel| 2= el 7} 2 Kk ukz Bl Fe
o] ol Aol ] AH 3AE TR A5

H
o

g

oot [ |2 ot £
d
f

TNF oA %] gell 2 vhg-sl= Fule] = ol A dF
=u|gk 5o 724 £l A5 ol Fa gle wh

A HFdoA e AT T2 £ 2ol o=
E HQIoh Ak 5 SAE AHEH, HF <
€] It == (syndesmophyte) @} 71 2] F-2H5- == (enthe-
sophyte)o] 712+ elehe] 4S) 9 =RE] Aok AS A
FRAAe EA ot 2ATH o7 FAE] B4
FAR s 94 5 A9 2RE E50] A o
AAE YA FHE7E DAEE Adbe] vk e
ghoH17]. 2ehy A5 Zv|gke] Lojuk= F91¢)
o] PAE = F9T NEH g It hEr v
2 qhik Bglolx] BFe] YA AL W 2l
A 2 vrebdel, 2k Al s Sl 3t dolo] A
Ho|= DBAI w$-2ollA= Wnt 4 Z% 53 bone mor-
phogenic protein (BMP) w7l &5 dAdo] Lojut=dl
[18], INF& JAstAY FZAZE AAlsl= A A4
= Aol AFgFE FA At o]H ETH, APdAA
AT dS/Ev T A8E Aol A7 we P e
2 AR oAU S/HQ] S5 vt 318 Zlolgt
I AARI HERA A A5 724 Wt A4
9 FelE Awshe vha3t 22 Al 7HA 7R S gk

ol ®
)

X
i)
il

N ]

T T
o of rlo F\O
fut

flo ¢
N
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1) Tumor necrosis factor brake hypothesis
£7) §FWgol F AAE olojAE A FuleznA
> [e]
o

A Zou} g AL FIlol AL T YA

<
< = 35 FE3 FAll dickkopf (DKK)-15 &
ASMAA, Wnt HEE w2 & YAo] JAE =S 31A
7k (brake on tissue remodeling), A3}+e] F7]ol|l= Wnt2]
= QA A 71-e] EolEHA vk & WAl 7H5H
t}. o] 7hAdoll whEr AW o] 7o AFE HAlslo]of
FF Aol B e A 238 =2 A7l ddXE
= s F F4)o] Fojd % rh(window of oppor-
tunity)© Zeolth. el F5 EdolA AF5E JAlElT

A A EPlen, & Aol 5 4 = I
9} FAlell dojyiehE A o] 7HA ] fJuliEl= A olch
[20]. 53], X" AAA XH3d kAol Fo3% TNF
AAA X857}, ol #He NEE F A4S FE3HA 59
e 94 A AdE [21], HE BEGe EAJA = F
Ao], gFo] FolEa ¥ F FEIA (remodeling) o] 2=
B2 ypdnto 2= AW 4 gl
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2) The non-tumor necrosis factor hypothesis
TNF ©]2]9] A EF}elo]| ed=3} T A 7]oIdtc}= 7}
Aolth22]. 2& A% A EsFelo| A INFE & 7] &
Q63 3 YA oAl 3, IL-1 8-S Wne A2E
Tl THANEE 2EAEE BAFoER F BAEE
S09I[23], 454 TN AZEE TNFE wel 8] o
T AgE stol, A9HQ AlZE TNFO| a2 oJ 43
A zATA o7 F AYS ZAAT = 25 2d Ane
ArH24]. IL-22% & FA FA 9 FAE A= 44
A3 ARAS Kol AE7MeIH25]. AT d =9t
B AAHQ) BALE Boll QaH IAL Zrowt
Zerde] 248 A4 NSAIDs7h 244 2% 97
QA F WAL AAHE Aol 53] Cubg
ul (C reactive protein, CRP)o| =& <5 NSAID9]
14& AAlsle adb= FE2AEH26]. ol= TNFE
o e 454 AR 4 RS B A4 B
o] 35 Aolgte 7HE AAE <7171 Hdt
3) Entheseal stress hypothesis
AZT F A AR WY HHIAT FE U A
A 5 4 Ralol AR 259 A0l 7 YR 54
o] frtgtrkal B 7Hdolh27]. o] & oy
o E ] Hsl £ Ao T

(]

magnetic resonance corner mgni
DR F4 91% 27 W9lolA A4E HAo] dolh
A4} CRP7} 271245 AAE 947} qito] 9t
A Ameba) H3heh[26,28]. LA Ak spde
7] ];a 2E# A A 2uF olo]x |, tfLolA] Rzt
Bo Z9} 7| A" AE8| A7) Adsl= Ea1A A3 7
2y Mf— HA ol el A T A4l Fobmet

rlr r\r

7];4]2—1 AEH A 715_1}% \:ltg

HERAedel 54 F shve FAR<d, 5 gt 2%
o Qe Rel dgoleh ofe] B AtlelA B
oJo] A3le] Zuldo|gl= AL A AR}, BEB 7l 7]

AR 2EH 2~ AW 7}*401 HE 245 ol#:[29], HE
71AA Faprh BRR S ddiohs AR I 2
TE] Qo HxH z}a] g IL-23R T AlZ2] EA7F &
HAA HQTH25]. o] F 71A1F Felr) R o5
Z Z9] 27 Eolzol ul2S Aoy IL23/IL-17 AZ
= R 7IH Wit AT A 27t BA43tkE o] S =
AT 72 AR T89S el Zlolghe AW Edllof

r o

64

ol el gk,

1) Synovio-entheseal complex

AR gk 4e1F 2A o o] Folxl K% Q)
ok A, o] vt wel = FSlolct. #F7] 5
o 2= ") v HolAA F2HE gt E3kH (synovio-en-
theseal complex) & 7127w, Q¥ ol Z9k Afad
=, S AR, 29, A, A 24, iHY &
z2H oz o FolAL T2E FE oulg, ol B2
BE e A7Z oAst= Aol (Figure 1) [17].
A Agdzol 10 A%H WL, ol

Zal 49
AE S e AR g gAske %Z} Qbell A

gt gk, Ay zAo] Aelsln BARA £ 94T
obeh 3 AFo] A7) AolE Fol TR AR} Wt

W dxro] AteH[17].

71eF e g2 A BEE (enthesis) e} 2t (synovium) 2
< G333 A AIE7} glo] 718 vk
2] Efel dinlsle 9, #e F2
ARy YA A Z7) wo] Bxsla A7 Agt=zZ 3 AH)E
ZA SR o]Fo|A] 5 W& L2717 vk webA <l
tholl 7}zl 71 A1 shHe] Zhzke] FzFoll 32A X
ol $4& A E dg8S & ek ohet HbEE =
Edoll et 5 A S HolA #
A= o] 3 WAl 1 3Ho] R & B b 9
o] gle F91E ol ek A% =9 Az Al
A d3o] AR Fol7t 5 FAo] AlFR ) 5 3
o] FA M, FAEel oddk ek FAHE ot ¥ A T 4
5| 23] o] Aehibs Aol MHAH17]. HAy 3
#] oA damage-associated molecular pattern molecules®]
Z71L o] HololA] o] DA Qlze} A wie]
o FEAEE AAske &7olvH30]. 12 H=
o] wte|2lofe} 22 Wl el A ul3EE ZA, wAl
o2 HE eEd T4 27 glo] HLA-B27 5ol 93
Axlo] 27hH Y HES o' olojA= AUAE oFF

ik,

v}
4N
o
>
o
>
(it
1o

e & rh o?i rﬁ-
MT O ox (e ofo

3) 7I1HH Fsiet 2 MM

Z1AE el slFe Aukzlo g FA o YA F23 e
2 o]sf¥t}[30]. FAIE (osteocyte)”} AZ(bone canal-
iculi)oll 7]A| &A1& o] WolFol& 71AIHQl =t

Ao AL AE, west Bijol AAH AR &
HA Yok AAA Btz Qo] ALz AR Ase
2 ARe S ATl Aulo] AL A, 24,
23}, A 2o ekt AL WS Yo & 9o

Z1AA Bale= A|E 99| integrin, stretch-activated ion
channels, RTK, GPCRs 59| 7|Al5&4& £l A=
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,,,,, g Tendon

Sesamoid fibrocartilage

Adipose tissue

_~ Macrophage

_ Synovial membrane

Periosteal fibrocartilage

Cortical bone

Invasion of blood

vessel at the'interface
Cartilagenous islands as

reparative attempts
with formation of enthesophyte

Figure 1. Synovio-entheseal complex in the pathogenesis of enthesoarthritis. Synovio-entheseal complex consists of two anatomi-
cal and functional structures of the enthesis and the synovial membrane. Bone-attached tendon is covered with sesamoid fi-
brocartilage extending to periosteal cartilage on its deep surface. Normally, avascular enthesis ends up with reparative process fol-
lowing microtrauma, thus, neoangiogenesis and formation of osteophyte at the enetheses-bone interface evolve. These processes
are facilitated by presence of adjuvant molecule of bacterial origin with susceptible genetic condition.

MAPK, Akt, Wnt 59 A% A" H2ZE &3 A=t
[31].

FAEe] dFe] T Ao R AF o]0 7
A= ZA7F Bt A o g, {3 FAAAA =
St AAFE = Fte] Afwel obdel Bk & gk e

= Ak ZolgjalEr) #17) 2w oAk odJLof|A] %=9] o
%‘é o] 2|Hks}AY (fat metaplasia) 22 %] 3h=] 9l chr}h
AN = P4 S Bvke A7 52 A 2AE £
[32]. wloll A= 7] AIH Fslol] HE-S-3lo], C-jun, cyclin
D1, connexind3, CD44 53} 7+& F¢ T2 fAA7} =
7HEl = AL 71A] 8-A]ol] HE-g-#}o] canonical Wnt &
7} A3k -S A AE[33]. Canonical Wnt A& 727}

71917} ol ol

=

94 (osteogenic) AE2] 71A1H Hstoll L}% = A
A o] Foix|o] k= ZA7) Qeb[33]. uEA 9] o
o] Wnt A% BARE 4 z2Aste] dx og/(él o] B

AstE ke A=
27} 848" B -catenino] o
Az Agsro 2 Wnt B4 fAASo] At

QA }[34]. Er] Canonical Wnt A1 3%
Z Adso] AAR]
ZA =,

www.jrd.or.kr

ol & Aol Fojdrtar LdeiA girt. W E DKK-1
o]} sclerostin®l] 2Jsled Wnt 7 27} A AFE o
w o] w A 2732 wlgke] At Fow wipAl Het
TNF7} 2huHlE) s TNF o] 4] §41% uk$-20ll 4 Wnt
ZgA|Ql DKK-1& Alstd, 2o v]ghs Hojd Awy
o] ZZ3} 71 o] AY)|= T8 o F W3l TNFS o
AAY HZAEE Al A AAF G4l A3
& FA EH35]. INFAE u}—"r* Aol A K27t 7}
A Erkl/2 ASAA7F &4 3= 51, Erkl/24y p38E
ARk ot $A S Tl A A
shal S v|gho] ZhAsigit[36]. AR ddTollA = A
DKK-1 8% 55+ =47t 243 DKK-1°] Y3 Wnt3a
9] 94 s=7t STk ke Eavt YAek[37,38]. &

99, ok B 27 BasAT AT 2ea ol 2ls)
245 Wnt AZA =7 & S4 HEE ASshe Aol
A4 Hxelel AYA 54 $ARI R Q)
34, % A4 T 948 a8 A% B SE

4, & fslke
t}. BMP9} PGE27} #oddt oA % Qlrh(Figure 2).

oY

X2, ol
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Microbial product

Unfolded protein
response

Mechanical stress

Gut inflammation

HLA-B27

Mechanical stress

TNF

—

ones ) —

Figure 2. Conceptual framework of inflammation and osteoproliferation in ankylosing spondylitis. The link between in-
flammation and new bone formation has been much of a controversy. The recent key role of interleukin (IL)-23 mediated cascade
leads to an inflammation driven concept to the disease with new bone formation. From a mechanistic view, inflammation or micro-
damage may be linked to new bone formation as a inevitable consequence or serendipitous surprise. Signaling of Wnt and bone
morphogenic protein (BMP) may have important roles as essential bridges in the process. DKK-1: dickkopf-1, HLA: human leuko-
cyte antigen, NSAIDs: nonsteroidal antiinflammatory drugs, PGE2: prostaglandin 2, TNF: tumor necrosis factor.

Macro
phage
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IL27
Tyk2
STAT3
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o

| Enthesis, aorta, uvea? |

IL23R+C
D3+CD4
-CD8-
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—> IL-17 —»| Inflammation |
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STAT3

Figure 3. Interleukin (IL)-23/IL-17 pathway in the pathogenesis of ankylosing spondylitis (AS). Cells of both innate and adaptive
immune cells are implicated in the pathogenesis of AS. Dendritic cells (DC) and macrophages in the synovium, facet joint, gut and
bone marrow produce IL-23 in response to microbial product, misfolded human leukocyte antigen (HLA)-B27 or the biological sig-
nals following mechanical stimulation. GI: gastrointestinal, ILC: innate lymphoid cell, iNKT: invariant natural killer T cell, KIR3DL:
killer-cell immunoglobulin-like receptor 3DL, TNF: tumor necrosis factor, RORrt: RAR-related orphan receptor gamma.
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Interleukin-23 {3 FFRAF7 F HA

A e IL-233 IL-17 3 A 27t 454 A2,
A4, thiA A3ts 5 W B A5 AglolA] Fadh
s 5oL o] & SINksly] 13t AT
ol A=At kAl ANk AXF 23 B F4
Aol A% IL-239 A= F31A7) o v sl o
o7t T AT, T AFE olojA X BAE Mt
QA X Boll EJe7)oll ol 2glek. IL-23/IL-17 A 27} §
o] HARE = AR HEPAAe] el el
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