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Animal Models of Spondyloarthritis
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The clinical spectrum of spondyloarthritis is included vari-
ous diagnostic entities that share clinical, genetic and
pathological characteristics. As human tissue specimens of
the sacroiliac joints are very difficult to obtain, most of
the new concepts have emerged from different animal
models of disease. Animal models are available for the
study of several different aspects of spondyloarthritis. The
models include human leukocyte antigen (HLA) B-27
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based on transgenic rat and mouse models, inflammation-
driven models, and models of ankylosing enthesitis. Areas
of investigation to which these models contribute include
the role of HLA B-27, process of spinal and peripheral
joint inflammation and calcification, immune responses to
candidate antigens and the role of tumor necrosis factor.
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= EHAES v IA, Akd 9 85 Aelsl Xt
gtc}, Table 12 o 2 =ol= FFRIES A Flo]
=

HLA-B27 O|4|® & X}(transgenic) 22!
BAAREG 0|9 HFpALel] Frm A G
(major histocompatibility complex, MHC) €1 HLA-B273}
o AL 30 Aol B (@). ol F HFH A
HLAB27S 24149l 247} igloth 2 5279 9
PAeA Ark o]slzE 7]ofdtrta H ]t (5).

HLA-B27 o]A]f-3A} ulo2 =g

HLA-B27 o] &34 A} nf-§-2= BEllE ofg] A&l 9
3l gFEoi3ith. HLA-B27 o] A% A= B10, B10 A+
A (congenic) HH2oll Al 24 RSl g e F)
Aleka BaE At (6). shAIRE @2 ARl o] vk
2 melel A fAde] AT o tehtA ghiztha
Sgiet. olsl o2 A3 QA PAEe] vhes 42 ARA
Z 2 5-21( A 2microglobulin, 42m) Z< HLA-B27 ©|A]H
AAL w92 Zullo|A & A o (peripheral arthritis) 2]
b gro] olArka ¥asglc} (7,8). HLA-B270] MHC-I
T8 A& (heavy chain)oll §-% 3}(encoding)=] 2 S 2mo]
MHCT 375l st $7hn el 7hw-& A (light chain)
o]m & o] uh$-~E5-2 misfolding® B-27 ¥/ A&
At} F2 A vl A A58l (bacterial flora)oll
EEd o3 W (7). AA o] 2l wo| AEHA

oy
A= .

HLA-B27/A% B 2m 21-37 AR A F(rat) =¥

F 2l vheardic oy ¥ f= 2l 7
FAo] o o] HLA-B27 o] 4447 # A|zte] o] 2
A ZA7F "k AR fome AX]F S2miE el HLA-B27
I A A o] Fr MEZHLAS A 3} 9). o] wiitol
B-27 o|A-§-412 A& W=l F] HLA-B27¢ll A 52m
£ H7istel B273 A 2me] =2 HA9(copy num-

Table 1. Animal models of ankylosing spondylitis
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ben)E A 7F3F F1 21-3A] o] A 47 FellA A<d, 914, =
Z A < (peripheral arthritis), 71413 3] 5 (psoriasiform
dermatitis), 233, A1AF< (carditis), F-313}-313}<3 (epidi-
dymo-orchitis) Sol| WAt} (10,11). Lewis, F344, PVG &
Z sl Foll A o] F& ¥ (phenotype)o] & A7t} (12). F
Tl A ATA A5, Bl HAskA gske
shastedol} 93ele WAl (13). AEol
AJslA] 942 HLA-B27 o] 447 # 278 WAAE
A8 X Fpedell Aol 743k H ok o] A gl A
| ol A sl M Fdo] wAYslArt (14,15). CD4 T
A|ZEo] Al gdell FolF o], thakede] W 7| 4ol
AdEo] Sk (16). o} K3 gkt o] A Azt F ol
Al Aol HolZH ]l T A|lEnkg+ Wl AA okt vk
£ MHC-1 #AH5 2.} HLA-B279] A|EZ 15 (endoplasmic
reticulum, ER)oll 3] R o]l misfolding®| o] o] F3H&
A5 2+ (disulfide interaction)ol] ]38l F-AE A& TFo]
A (homodimer) & A sl 7 gke] S} (17,18). o] F7
- AL FZo A7t Aped Aal| Al E(natural killer cell)ol] Al
QA= =8 Fosla (19,20) unfolded protein response
(UPR)E ksl Ao o AR} (1821). QIEIHAIE v}
ZokI QA 0 B AEE A=Fslo] HLA-B27S Ag=
7 (up- regulation)s}™ UPR FA| A7} ool tl]-g-3}o] Abgk
245 Q). HAH s FA43E UPRYS dS54HE
frabekar QIEF71 239 T3k 7S Heldh (22).
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(21-3x283-2) F1 HLA-B27 °o|4$-A# 3
B-27 misfolding®] 233 2] W 7] H el A== eh= M4
sloll, o] 2] A=t f2mo] B-27 FA-E A4S misfolding
< ol £ Zolgtx 7HAslE ¥ =2 FAT A
82me B-27 oA A4} Foll uf A sl3ict AARE
LewisZ9] 71733+ F1 7 21-3A4|(HLA-B27 20 B4, £2m
oA F-A AL 15 EA)oll 71738 283-2A1(82m o] A {FA
2} 35 AR, o 1] Ak fom)E TH el AlHEY A
733k 283-2A19] 12 Agk 82m (35 HAIFE] o] A FA
Zh7} B-27 FA-% AEo| misfolding=s]+= 213} UPRe] &

Model Arthritis Enthesitis Spondylitis Ankylosis
HLA-B27 B2m transgenic mice Destructive (o) X (o)
HLA-B27/human (2m transgenic rats (21-3x283-2) Destructive (0] O (0]
Murine ANKENT Remodeling (6] X (6]
Ank/ank mice Remodeling ? (0] (6]
TNF“**E mice Destructive (6] (0] X
Human TNF tg mice Destructive (0) (0] X (O after anti-DKK-1 treatment)
Spontaneous AE in aging & DBA/1 mice Remodeling O X O (inhibited by blocking BMPs)
PGIA Destructive (0] (0] X

AE: ankylosing enthesitis, ANKENT: ankylosing enthesopathy, #2m: /2 microglobulin, tg: transgenic, BMP: bone morphogenic
protein, AARE: deletion of TNF AU-rich element, DKK-1: Dickkopf-1, PGIA: proteoglycan-induced arthritis
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= A& ol FAck ey ol ste g, R}

F29t 717ke] AdfiA L, F& HEE Ve

L AL A] ¢EQkt) Lewis & o] ] ol = Fisher,

kgl = (strain)ol 4]

X A=
7} Eobzi el

(21-3x283-2) F1 % 70%°] 7 FollA Shik=, shi-E
wrteke] A sde] WAyttt Folk 40%0llA] e
of| A | Fodo] WhAshy Wr)ol= §to g mele 1%
I WS & F ok 2ATgAH oz melo] Ag A5, 4
3k, Al wie] Aol HQlrl (23,24). A F = 10002
Z 3 vlelur BAGo] AW Az ARsl)

<] Aol o3l (21-3x283-2) F1 3 & A3
Ade] 53 Edolth (21-3x283-2) F1 77 # 9] 70%
ol A ol A 100L oA 2002 Atolol] WA o] A
Zeh. el o] %3-S MRIONA 2l 4 9low, 27|
Wl Aol s A7t 7heslt w3k 7 71733k Aldline)
ol Al el ghy] wifoll TEH R B o o] AFHA
s wE F Ak

oA FE] X3l F2F3k(prone) £ FAIG2] HLA-B27
o] A FAAAINA 12 &3 WE T Wh-3-(primary mixed
leukocyte response)ol]l A<= 2|4 A E A} (defective den-
dritic cell stimulation)S ¥.91t}= Zo] AdeizaL (25) el
o ol& Qlsl= ArEe] EaEArt (26,27). (21-3%
283-2) F1 #& FAGAEY E45 & /A3 gl
v, 7743k F1 21-3A19F 73743k 283-2A|00| A = A A
Eo] Aol oAt (28). B3 HLA-B27/AHR A2m o] A
AL F oA, Th17 AE7} FAGA LA ol 4-oZ
frEsa A=Y (29).

B-27 47T T AlEell 548 E] =(peptide) & 3
oz Kol Pofstrte obF FEA & SAth
Zoio] gl CD8AE E%E% ¢Hhomozygous) (21-3x283-2)
F1 & o83t I+ CD8 AlE7} glol= #A ) 3
Jol A71A gkt Waskgie} (30). ko3 cps™M! #
oAlA AEFA T A|ZE7]50] tho] Fraxo] it o] 4
752 CD8 T AlE5°] 543 B-27 &al el =& Q14
sk A ol2]9] o 7H o & HFedol|A] B270] BFH
AL ks Ae ¢ F Ak

1

t
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H|
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5 12l9F-g-(cascade)o] ol BF
&) Aol ulg} olof] i3l F g AT sz Ao EFRIE
FHARJNA @, JAE|F71-6)7 AEZE(T AE, B AlE, o
Al A Zyell A = B2 A AJo] o H ) wdt o] Ex}
gl A ZEol izt X 87} Fubel 234 A, AAH S
o, Z1ARA] Soll PA L Qhek. BAHFo] & F
FHARJA @ AAZ AFHoZ X 8= FF AR}
a o] AFHbSollA e FAH Addo] Zhg-g WA =

o=
[= =)

30
H
0gk

3
—_

A Bl o2 HF

N
re

12

a4

I Az FSFHAJA 23 (over-expression)l] 7] 238k
EelSo] nhEolzla X Faded o] w7l sl T2
gl

At H3ade g 7P R
Edlolt} 31). w2 FAAlA FFHARIAL -2
9] AU rich elements (AREs)S A< F=sh Zokz ALelzt
717 2] K84 A (messenger ribonucleic acid, mRNA)2S] A A &
Z7 (post-transcription regulation) IFAFONA WHEH A&
(intrinsic defect)o] 271}, o] Az} zFAEe} 7H (stro-
mal) A|2£2] 2| EHQ TR AR A e Halike] A,
ok ALl 2L §-71 9+ 5 3l = (translation) ] silencing®] 4=
ToE YE FFAARJAT whAd H ol 2A EaH e =
AP} o] Bullol A ZEW FFe AFA A, A
o, WA gl fxkedo] A7ivt (31,32). 4 A
Z} I 78-A|(TNF Receptor I, TNFRDE 53t Al $ A o] o
A d5A ] Aol 27 e zx7le|rt (31). vHA
2 Q) FAHARJDAL HEA ol o A EFo] W33 =A&
ZA817] 93l ET A% (engraftment) A& R, AF
AlEzEo] FdARIA el vhg-3kA] gktlekE TNFRIZ} 7]
A (stroma)ol] EAsE AlZol glo FEslctxy Bas)
At 32). o] AFZELS HAF WAl 714 e AFEA
Z(fibroblast)F Al L] AAZ A A5 Holgr) 814
uk, obF 71N EEo] RS T SRR olARE &

z)

3]

=]
ABhEE o] fi WEk o] Eol glrt.

Proteoglycan =4 F3Y vlSA 1y

BALB/c 12|32 9% C3H v} FollA AAE pro-
teoglycang &3t AE2 Q) A AT} o]of] Frkxl
F9S 5T 4 Utk Mouse2] A7) proteoglycanel] Tk
A7 uk-g-ol €3 proteoglycan HE ¥ % F7F A
A sdo] A7tk (33). ofwl] dXx|dwd #A E ohE}t Avh
HFEGo A= BAA R HFA 0l HiaFde dAE
Fr 9] vk} A EE9 gl A7, o] Bele] oF
Holtt 34). AR o] Bl Aprh AnkS- fak oYz,
BAAHF] B dEl HFEdo] SRR A wHE=
7179 AFo e F&3tA AdEth AR FHe B
F-91e] Jg-g sl A-H-d = (fibrocartilage) A
of] thgk 27t duk-g-o] A=At (35). FEZF o] EEl
uhg-22 X Fd 9] FH Rt fFAAES Fotlle AT =
fr&3tc) K 3odoll 218 Agd=le] 9lom Agk A
o] AAA FE919k A% F 52 non-MHC A 914
(Pgis 13} Pgis 2)7} F2 3% (hybrid) vl-$-2=ol|4] M AE R
<l (36), F2 3E(hybrid) vh-3-2=5& "ol 713 BALB/c
uh-$-2=9} Wil 23 Q] DBA/2 wh-$-2=F o] FaLulsto]
ias=

o w4
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ZE 2% (ankylosing enthesitis) 2 &

3 h,]/n}ou} a AAE A-gslH A

dFde 4 9l AZE ol A= =3 JAHE
o: o

xleod o] Fz=A ol £=Ak(structural

damage) 2 &AACE A5 F2HQ 4ol AP=Ew A
F 9 x99 BA ] AAe] el A7l Aele

A7 (37). A el ol = A4 1, wie] PAol dier
melol ] Slojgliel, ol el

A4 BEY =49 Y9 DBA/L vpe-A 7Y
aiofoll 2] w AL A= g FA ATHATH RS 5
ek Ao A A Al oaf o] FolxIrh Q1 4148w AY
Aoll 2 7 Z7F GA3tEthE Zlo] of g dFollA] St
2=t} (38). ©] 7 25 bone morphogenic protein (BMP),
wingless-type like (WNT), hedgehog, 4-f-EAE Al A1z},
notch and parpthyroid hormone-like peptide 73 Z-Eo]t}. &
ol A e R A wl Al A BMPLE WNTE]
q ol thaliA= oe] FEEHA A=At
E7(itters)7} obd o1& DBA/1 A vl$-A5S A ¢
gloll Yom 125 77 fAdo] A7} (39). 53] s
9] interphalangeal jointol| 4] 7Z}Zol] o] 2 RxMRQ| AXE
59 A3} AT B3lol] EAHolmg 737 o] Rat
2 QdTtol] o] Hr} w3k A oA Yeht =
Hb71eled (dactylitis), 59 223 (onychoperiostitis)o| 2
bt (39). RS oNA A=, w FA wf Al7]wfet o
£ o}y o] BMPEo] HdE =6 (4041) BMP2+= £27] 4
TUAAAZ S A F2 L= BMPo+ HlHAEA|E
(hypertrophic chondrocyte)ol| 4] 74 Zl ),

=

A £YIAAA o)A §AA} ufSA md(Human TNF
transgenic (hTNFtg) mice model)

WNT AEALAAE 0l G4e] S22 ZAzolch, WNT
= B A E ¥ A (osteoblastogenesis)ol] 73 3] AZx|o] Q)
A=l w Pl FAHQ =R el (42,43).
Dickhoff-1 (DKK-1)- WNT A3 2| A o] Zga|o]n] %
A 2l mHl=]el|A] #41F Q] 2 Itolt} (44). hTNFtg vh-5-
2 e goielsh AR B4 shalsh depd ARy, A
Moz mﬂ 7S LpehA] gkimth ol ZokHl 4914t
271 FA19] obd YelEet. o) vhpss 2l Dk
gz ﬂﬁ—sm AZE ALH AT, W 57 e o
WA ol|A] =S (osteophyte)o] 27|31, odx|od v FHAol|A]
7o) A7) 5 A1 W Aol weke] hehdel (44.45)

ke r\r

W YA TRAE BEo] FANAL A ol slol A
E Y4S ARAAAE SRR o)k F2H £4E

A]

o=
3w SFFAE A 2] o AI91AQ] osteoprotegerin (OPG) 5
8 54 AL Y48 wherh $UY HTNFg vh
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2= B elo]|A] DKK-19] &-5& A A|8l= R-spondin-12E %]
glahwd A Hin vivo) AgdellA A48 w FALS F7HA1F|
+ WNT AZAAIE A7} 46).

ANKENT u}$-A 2¥)
315 e] C57BL/10 vF-$-

o)

ZollA] SR} woket A4

FAede] WA @7). YAHOE o] nhg Belol
BAedo] M el MEL: Urh o] RS TF el
)

T BAsde] wAEA gkom AlFHetel] oEH 01‘4
(48). =3+ # H-2k L% (haplotype)®] ANKENT w}-§-
2do] Fa3t yPadolrt (49).

r

Ank/ank ©U}9-A wd

AlZEuke] 3] 2914k (pyrophosphate) A 24 & encoding
SHe Ank 8719] 1Mol Z 714 ankfank wh$2= %)
£ AR AT v EHYE A, of 24
o Exxom A @ BA 299 483 1
(osification?} 7151, % 9 295] Aol bt
(50). Ank FAA}LS] Eoivio]E= AE U | EQlAede =
7heh A o] T2kl Y] S doA, A4
(hydroxyapatite)2] 74 -& 7FET} (51). 3FA1F ank gene¥}
552 A% 707 ANKH ol 245 %ede] 244
22le] =R et (52).

l:l

[

1

F

l"

< | =

HAFERAA ] TERLS HFH VA sl AFL =
Zuksk Q1A & AlFslar, &3 Ml =43l
F93t FEEUE = A HLA-B27 ©]A)-5-% AH(transgenic)
B2d A5 §58 2l 712 29 (ankysosing enthesitis)
22 s vk A7 A3 sw R AA
I EA S ollela, WA, TEEDS A & &
olslfjstodof At Afel] D= TEELS & Az}
o] 83 4= k. HFdoA] A5 A w P4 A
Aoll gt A2 7|EY TR o] 9o Agr HEiA
A9 EA4e US ntgdsts AEE 2] N w3k de
3let.
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