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Rheumatoid arthritis (RA) is a chronic inflammatory dis-
order characterized by synovitis and joint damage. The
etiology of RA is multi-factorial including various genetic
and environmental factors, and the pathogenesis is com-
plex involving lymphocyte infiltration, synovial cell pro-
liferation, pannus formation, and cartilage and bone
destruction. Various animal models have been used to
study potential etiopathogenetic mechanisms in RA. They
are also extensively used to test new potential therapeutic
agents. Despite some limitations, those animal models have
significantly progressed our understanding of the basic
mechanisms and have contributed to several current ma-
jor advances in the treatment of RA. These models include
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the induced arthritis models such as collagen-induced ar-
thritis (CIA), antibody-induced arthritis, the genetically
manipulated or spontaneous arthritis models, and human-
ized mouse models. The choice regarding the proper model
should be performed carefully, taking into account the bi-
ology of the animal model and the therapeutic target un-
der evaluation in order to make better predictions of effi-
cacy in human RA. Thus, in this review, we describe im-
portant mouse models of RA, focusing on the underlying
mechanisms, methods, advantages and limitations, and
usefulness.
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AN oMol A= e okAle] HFS} AL FHel]

gk SAAT AN FEARY T4 HE Ul
74z2E 5 ek 2,5). Fubel 23 A o FEREE
chekshdl, °]E'_W o2 ) 24 HAEQ B, &+
vy BA o] mel ﬁol—;q] S5 A 7
%‘, o173} .:_“Q?_] severe combined immunodeficiency
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DBA/1 v}$& ZA §5EA4 FA g E I (Collagen-in-
duced arthritis in DBA/1 mice, CIA)

197730l| Trentham 5ol 28l A-So 2 &= FpA
54 A (o] ClA) A 7HE Wol AHEE = FutEl
23] HEAQ FEEDoltt (6). Frubel A
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2 AL53 ot (6-8). Frlel A~ d o] shared epitope
(SE)Z 35+ 54 human leukocyte antigen (HLA)&-A}
£ 7H Al AlA B S & sk A AR CA
J X EA %t A28 major histocompatibility complex (MHC)
kel o] glo]A] H-29, H2' So] Wy npgEol
FE ClAd 245 vehl7] wiFoll X% o & DBA/I
(H-2%) wh-5-2=7} CIAS] A7 el 43“5] 3L giet (8-10). k3t
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Aol o] mp$- A5 o 2 CIAS f=3k) (12,13). *aw
7}FZE 0.1N acetic acidol] o] AL} =& o]u] oNX] Fe =2
Bl = 2 mg/mL FE9] Bovine A2% FeHAl §4E 5
U3t 559 complete Freund’s adjuvant (CFA, -§-3}A]¢}k
mineral 0il®] £35S 71=2A]7] mycobacteriaol] EAFA]A
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Table 1. Possible cause and solution of the problems that might be observed during CIA experiment

Problem Possible cause

Solution

Low incidence/ Denature CII
No arthritis

Keep the collagen under —20°C, do not store at 4°C for more than 1 week, and
consider storing the collagen in small aliquots

Collagen should be a clear solution, cloudy collagen suggests that it has cross-linked
and precipitated, or that it may be contaminated and should be discarded

Poor emulsion

Increase the speed for the mixing apparatus (homogenizer, dual-hub syringe, etc.)

Keep the reagents cold and the mixing vessel on ice during emulsification
Inadequate concentration of CFA Check that IFA get used by mistake for 1¥ injection

Increase the concentration of CFA

Make CFA is vortexed sufficiently to resuspend it before use

Subcutaneous injection

Make sure to keep the injection shallow to maintain intradermal site

Avoid injections that go deep into the tail tissue

Aged or immature mice

Mice at 8~12 weeks of age are optimum for starting experiments
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C57BL/6 ul-$X EFHA FEAH #FEY EI(CIA in
C57BL/6 mice, CIA-B6)

C57BL/6 (B6) HH$-2~= MHCE-A % H-2
ol bovine A2 FEAlE o] &3t YRt
o g s FA o] Ao whAslA] ket o
HEEY FAAHE vl B AlsolBE
A7) Agre] whgol] ojwl A3E I =AE “30}71 213l
A= B6 uhg-2=F o] 83k FEA o] ulg- Faslrh oY
ATA o) 9alA] B6 w3229 H-2"EA}e| o]zl Q1A 5
= chicken A2% F&AE o] &3}o] CIA-B6S F53l=
A g ¥ 7HA Wi Qe 33 ddnl=e)
gAY dAA o] HojA= who] st (16-19). o] *
2008 Inglis 5-©] w23 2 A7 = A= (protocol) &
sl =, Gl A2 DBALS] CIA%H -4+
SHAE A A 10~ 1457 o] A o2 1% 9] Bevh-§-~
£ o]&3l= A, = chicken A28 FHAlE o] &3l A,
Al 3529 4 mgmLe] FeHAl §o 9 CFAE o|§3}
+ Zlo] DBALS ©| &3t CIA%HY] 73 Xo]H o]t} (20).
a2}, DBA/L vF$-22] CIAZ} 9F 80~100%2] & g
MAG H 16382 A3 HA-]S Kol v, CIA-B6
L ok 50~80%9] SHE U MAG BT 4~6H9] okt
FAQFL Bolg) o]z|gt ER o & CIA-B6E= 4 Oxaz}
7} AL HAY SEE LS A5 BAdo] U E odtEE
ABE Uehle Add £9 APsrlE stk (20).
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K/BxN TCR transgenic mouse model
199613 o] Kouskoff 52 #123 MHC £-7} 7}t H-23}
A=) o] B s}l bovine pancreas ribonuclease2] 42~ 56
H peptide S QA As}= TAIEE A AHstr] $18 KRN
T cell receptor transgenic (KRN-TCR TG)u}-$-2E5 o] &3}
of A¥S 3 F, KRN-TCR TG vwh$2=5 $<13]
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Non-obese diabetes (NOD) w}-9-2~2} 52 v} Hl Y Fl1 AF<&=
(oftspring)oll 41 kel Febel 2z AL Hee]
A o] WA A2 WA H9lek Q1) AF ol
3t v+ B6A|9 9] KRN TCRS} NODw--42] Wl &

EA Adut g o F wkEo] X2 & K/BxN spontaneous
arthnnsi W g9l ar, W 7] A -2 KRN TCR7} 2] K34k
8l & & (ribonuclease)¥7F ofu2} T3 glucose 6 phos-
phate isomerase (GPI)= So|& o2 Ql2]al| 4 BA|XE 9
3] AHHE]‘;_ anti-GPI 61-21]7} ;',]_24 oud_g] ulxﬂoﬂ su/u;u o]
A 3-g sl=dl, olull Hx|A FoNA alternative pathway?Q!
C59] 3ty v|ubA| E(mast cell), AT, HAAE, A4
A A E (natural killer cell)ol] &= Fey 58429 o
o] TostA Fofdhrl (11,21,22). A G ozx Al
A WRE 2§ ubF o] =4 gEA A Sheted wy
dze 93 So| WA WqgH o BAES] v
SEH 84, avE 2 ERE S, AVHAe A4 ol
EE o] Fulel =kl fARE 2718 Holut FulE
2= A= vEhA gkerh (1D). 64%°] Fubel =3l
31r}of| 4] G 3} Yol A soluble GPI £} anti-GPI &4 <]
7P vk Bk 9lo] K/BxN vh-9-2= Bl A
Zo] FulelAaBA G A% Fa3slc) (23). 3HH GPI
= HE-E9 =F oA FH st A B35 =1 anti-GPIol|
o3t I FFAol FE Aol I3kE oA YehE o] f
off thaliAl= ok 7R Wets] vrel A A kA RE A=
proteoglycansell GPI7} ©] 2 ZAgtslm], T ol A H A A|
7} A]—];HXJ o7 ¥ ﬁlk]_g}ﬂ_ Z ¥= E Ex«] Tog gun
A xl3 9} (24). K/BxN spontaneous arthritiss= KRN
TCRS} NODv-3-228] il 814 eolut Aol 4
F o477 S AT A WAl WAyl o 87
Zdell dga7de] 7 AAH A A2 100%0114] Ao
= el o] 32 gHd<do] Alg ZePstwd A WA 7
o] t5 AaiAle= AWAIE vebdYt (25).
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19914 Keffer 5= TNFS Al QS 3= TNF 3
untranslated region®] §l= #13 = QIZF TINF oA A4}
(transgene) & Wh-7-2=oll F-=3l4 TNF7} spd == 25
= e HAA FulelaRAd A A Pt
H|ZE, A7 =T W, FFA T Ay
w o] 2] 7} = 9} (26). o] ¢°é <= &8l TNF7} ¥4
odo] Wl Fag s ﬂv}—t— e ¢ dda e
FINFIA Sl X859 84S TERLA F

hL 33
% 99t} (). AE TTG ZL E3] TNFol| 23] 4%
e A w7 A S olsla TNFSF 3t ohof
& K gAe LA e F-E3i 2E5 3 et

Q7). QHHE o & 8~ 105 el S4F ut
9] 100%ll4] Ao uEAzIT).
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Interleukin-1 transgenic (IL-1 TG) v}-$-2$} IL-1 re-
ceptor antagonist deficient (IL-1 Ra™) w}-$-2

1990\t TTG arthritis 255 53k d7-2] FAellA] IL-1
o] TNF9 #5714 & 243kt Slo] T3 ol &7}
ddo] wralxlom 53] d&9] mgkEbg ol IL-10] A
Ao g Fosles AL A HYek 2.27). olF IL-1a S
st A dAHA IL-19] 357 =4 4 =2
45 F ol Agk ok B edo] fukEm =HgH o
gt 4], srs A 9 A= S #EE = A
B o] vl o] x|t (27,28). ¥4, IL-19]
Zhg-g Al WAIE Q] IL-1 Z8AR] IL-1RaE AlA 3
A Ak A o & A o] HhAYS= IL-1Ra” EHlo] |
ZhE] ), o] EHl BALB/c wh-2=ol| 4] IL-1Ra 728
A7 85 Foll Fado] whAste] 125 Fo| 7pA A
SHA| WAstE BAsdo] AL 100%4 wAYsA =}
(29). ZAHQ &7 Fat 9l WA FH 23 o Ak o
o] W& =m FolzZ ol Ha B9 wigle] W]
= SAel vt (27,29).
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Collagen antibody induced arthritis (CAIA)

FA 24 B 22 54 FAE Folste] 5
"% (passive immunity), ZA|Ale] &3} wvkAx, T4
T, HAAIZE Soll AL Fer &A1 &3} o] up
2 AZ4 Ao B A8 o GZATE Aol o)
A Bsio] WA B melold (3032). ClA ¥ 4
A iy Aoy A 2ele] AR A4 Ha: 6~8
F7F 285 Ak, A 24 A 2R ARY|E
o] 25 o| W& u|iH FolA &dF AHE T FE
o] #IE AEsA H7HE o e el ek aEla
CIA7} B33 DBAlC|2l= 54 w2 Foll At hyst

= i, g 24 ded 2ol Balbje, DBA, B6 5]
o

o] Fo| nhg-2oflA BAAS 2T F JolA 54
AA7Y B ol v A= 43 A I 2 74
2k AR wb2=E o] gt A AWE = st (12,
30). 2 Fubel =3 ol T3t o3 ke Ao
o, 53] TAZS] AL HbedsbA] Fsle whalo] st
CAIAY 47M9] cloneo 2 K€ fefsl I EFA9 53t
oHo]l mAb cocktail S TFUs}o] 6~8F2] A ulL 2ol F

E

ofsti=d] YA S Z Balb/c, DBA/I Wh-2+ 4 mgs F
o3}l B6 vh-229] -9 8 mge Foishrh (12,30). vk
Z=oflA] fFEEE o] YIS ARk =7 Tl 4
g S-S sl AsiA LPSE SR Fofslm, o]
3l mAb-LPS-induced arthritis®] 71-$- LPSE Fol3t ¥ 24~
48217k o] ell 100%01l A4 A do] HhAstaL 5~7U 7ol
F 3zl o] 2 thrl Al FA o] it FEE U

Ehdlet (12,30).
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K/BxN serum transfer arthritis

K/BxN serum transfer arthritiss= K/BxN spontaneous ar-
thriie v-§-20ll4) AT WA Fofelo] WAAE F2
SHedl CAIASH §-As1l A4 717ke] 25 o= %)
A o] Fo vh-LollA] AR S FES T Ue AR
o] gt uhl TAIZ S| g Whods

t} (33,34). Y o 2 8F 0|4 = K/BxN spontaneous ar-
thritic P20l A AFHE FA 150 «LE 6577 o< uf
220l 22} day 0, day 201 23] %7 W Folelo] B4
A e 2 g Fold o]¥ 2~3Y Foll WA
o] WAYElaL oF 8~ 10U Aol FHarzel o] =]yt Hx}
FS UeRfT) (25). CAIAS) 418t
8 A e WS Wt Sgel

Y-S ARt 54 FAA7 A

= — o
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N
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de ANH o= okslA ksl
o] H71E A "} (25,35). A ZE tFE K/BxN spontaneous
arthritic TH$-2=, 32 A2 o2 A]7|of] AH = Ao
A JAEd o] Wkl H =Tt ch2A Vel = 9] wlirell
LA J= AFE A= o8] vkl 2] K/BxN sponta-
neous arthritic PH--2=0l]A] S23F A& AH3le] £33t
H EFte] Agstodof dtrl

SCID-HuRAg OI2A 2E
A% i A mhgamde] AZE FEY HHE
AL Frobel sadele] s S ol szl
& 7101 stgont, Akl ol agAcdeld g g
o] AEEE IS WLEAM | EL ClAGA L

¢

A 8HIHE HolA Fatgiar wb vjzE|Ro| =4 497
A= CIAE 719 $dstAl JAlst= 5 o A3] Az}

up-9-2=9] Xpolof| whE A2z Aoldto] EANgL (8,
10). o]# st SHAIE FH317] sl Q1zke] Al o]
AAZ uh-g-2ol] 0] A3k ol A3LS FElo] Hrlsle
A7 3} mpg-227t B3] A FHATY] FE3% sER
A8 FHE dibs] ALE 3 e A 36). FrubeEl
A AFE Sl ol 8 F e A3 vpm Bl
A F F57F Aok A WAl fFuleladbdod o ubyzt
3 9l HLA-DRA1 allele®] W3S Ql9|& 0 & =714
Z1 vpg-2m0] a1, F WA= WA A ul-2of] Aghe] W
A|28lE o] Asle] AlRbslE whg-zolth (37). 19929
Barry$} Haynes= A% 8 25w o] ZAy=Eo] 5F 52
o] Fo| Aol w3t AXuEE-S vERA & SCID vk
2ol Fulel 238 Ao A E 52 dutzAs
AZ 3} &7 0|48 SCID-HuRAg wh$-2= RHS A2s}
o] Agloll Ag3e H, Fule|ABA ] 3hate] e g2l &
FE A AgE FALE e Sl o] 2H
S o] g3l i}l (38). SCID-HuRAg wh-$-2= Rull-e 2]

e
g T
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A8 debzzl g ukE o] Ao} sk of#]go] UL
TAIE, BAIE & WA E2] A3hs ukadslA] Xahe A
o] g1, 20021 Davis 52 SCID-HuRAg wH-$-2= Elo]]
Aol TAIEE o] A3l & Wl &utzz] o]AH o & TA|
27} o] Fsto] Ao Bkl ol ABAE B3l Awel At
off S vX& 2 st (39). 2t Ftol
HoZo] TAIE A E W o] 9] oo v]X| &=
ggFo] A= &A=t ol 7]l o] &= NOD-SCID
up-§-2=of] wp-g-2=0] AHw A A7} dolglo] Iy o
HALPBMC) Q] A2+ & -84 (engraftment efficacy)o] 7]
w£el Aeg A 9k 2 7]E<] NOD- SCID vl
Z=of|A] QI F7] 2 F&A9] Fhvl A AEAIA QA7
PBMCE ©]#4] 3 79 mll%- ek Hola =2 A% 584
< UehllE A2 W32 vp$-22] NOD/Lt-scid IL2r
7 null (NSG) vh-§-2=7} Bel Aol A A5 7] AlAFslgl
t} (40). ©]&3k NSG w20l Agke] PBMCE B34
= 5ol o] A3k F Fulel a3 e shake] vl y/dE

'E__ -
B3PS elel] olAlshe RS whos malle AY
A9 0 Q2o Fubelzsaasdel kg s el
ol B & 9e Aoz A

7|Ef =g
Ratoll A adjuvant 54 2 29 (Adjuvant induced
arthritis model in rat)

Adjuvant induced arthritis (AIA) 292 %2 4] B
D2 A ratt} guinea pigell complete Freund’s adjuvants 5+
AE- s auto-intolerance7} BEAYSE= A of] Zalslo] 1956
J Carl Pearson S°] &0 & W% s} (41). AIA rat

Edlol| A& 97 Sprague-Dawley rato 2 HAH IS F=3)

+4dl, CFAY IFAZ bovine Al2% Z24A17} 1: 19 v & &
3kt §AMA(emulsion) 1 mLE rat®] S22 & 12}
AES Aldsla 371 A2 12 HE 214 Foll ZeHAl
= SR Fgeh J4 2 v Aol oF 76%0ll
Al EHEE AN BRI Q) A ]2 oF 46% 4 ol ARt Wk
AJgket (42). -2 adjuvant =4} o] 3 <F 109 Foll ohi
4 A do] wAsk=] & F(bone resorption)t =2
9] ZA](periosteal bone proliferation)®] 2+ L}ERLESL TA|E
g FATE ABRA S HolAwk HA 9l BAIZS] A&y}

Table 2. A comparison of various mouse models for RA
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£ Aol glov], o 1Y Fole 243t F4)
A GFNE U BA F4S b mBEe) 7E

o etz o= whde] gt ().

Citrullinated peptide induced arthritis

Citrulline & -3 whul ol vk A7} G217} Frolel 2
S kel A ALl 100%0) 77 Sol=E Hola gl
o, o3t A7} A= Fubel kA el o A7 Aol
FTo3 %S ¥ Zlew AAE I Gk 43). o3 &
-CCP A7} Srube]l =3k doll 4] ZIgke] =7] A
o2 32l o]X citrullinated peptides ©]&3lo] A
= 587l 9% w2 AE7E U9k Vossenaar 5
streptococcal cell wall -5 4] 293} CIA w9 &2
9] 2hetol| A peptidyl arginine deiminase (PAD)& 4zoll
3t messenger RNA (mRNA)2] 21&-§ A A3} PAD4
mRNAZ} e Zol] 4% wh-go] Wbl Bk vh F
Aol Slal 47 Ak Welo] Bt AL 2l dsich
(44). T3 Hill S-oll 9J3ll Human RA-associated SE (DR-4)
& 7}A|= DRA4-IE transgenic miceollA] citrullinated 41 -f-4=
A (fibrinogen)& &3+ A7 ANl A LAl A Z ok
FAEE AlZ7Y 4 0] F| A citrullinated TH A o] LA A
oz 4 HuA Fabo] Aalek BAAo] LAY
45). o] 3t whg-2~ Rel2 Fule] =3 o] o] Wi 7] A ol
2] SEell Algk=l TA|Z2} BAIZEQ] citrullinated 3+ oll thak
e ATl Fo8 Bl AARHew o] i
rullinated peptides ©]-gslo] PAPE FE3he ZdlE
o] &3t W AFEo] 71E8] ClA EHlo] MR & HAIE
S5 7 As AoE vk

o n? %

i
o
o)
2
14
td
)
% 4
X
td Jo
Oyt
o
t
N
2
Nt Ho

No Mouse model Pathogenesis Incidence of arthritis (%) Duration of experiment  Reference
1 CIA in DBA/1 mice Innate & adaptive 80~ 100 =>6~8 weeks 12,13
2 CIA in C57BL/6 mice Innate & adaptive 50~80 =6~8 weeks 20

3 K/BxN spontaneous arthritis Anti-GPI & B cell 100 6~8 weeks 25,30
4 TNF trangenic mice TNF overexpression 100 >12~17 weeks 27

5 IL-1 Ra” mice IL-1 Ra deficiency 100 12~16 weeks 29

6 CAIA Innate & passive 100 10~ 14 days 12

7 K/BxN serum transfer arthritis Innate & passive 100 10~ 14 days 25,30
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10.

11.
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13.

14.

N

i

)

2
>
N o
A

2uS AeaiA Agsljok gHch(Table 2). T &

@ 12
A, 7% SRR GAS Feln Agre] fubelx
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