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Abstract: Rheumatoid arthritis (RA) is an autoimmune disease driven by antigens and mediated by T cells.
Collagen II (CII) and fibrinogen (Fib) are the two main antigens in the pathogenesis of RA. The antigen produced
after citrulline modification (Cit) is also one of the inducements to induce the body to produce a pathogenic anti-
citrulline protein antibody (ACPA). To provide a reference for RA-related research, this study intends to establish
an RA animal model by using CII, Cit-CII, Fib, and Cit-Fib antigens, emulsification with complete Freund's
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adjuvant and immunization with DBA/1 mice, respectively, to compare the pathological characteristics of RA
models induced by different antigens from the aspects of pathology, imaging and serum biochemistry. Animal
welfare and experimental process are in accordance with the regulations of the Experimental Animal Ethics
Committee of the China Academy of Chinese Medical Sciences. The results showed that the CII, Cit-CII, and
Cit-Fib induced mice all had symptoms such as joint redness and swelling, and toe deformation and the clinical
score and incidence rate were higher than those of the normal group. The CII group had the most serious lesions,
with a incidence rate of 100%, and the Cit-CII and Cit-Fib groups had mild symptoms, with a incidence rate of
25% and 37.5%, respectively; pathological and imaging examination results showed that the joints of mice in
CllI-induced group showed severe synovial inflammation, cartilage and bone destruction, while those in Cit-CII and
Cit-Fib group showed only slight inflammatory infiltration, joint cavity stenosis and bone destruction; the results of
serum antibody detection showed that CII, Cit-CII and Cit-Fib groups all produced high levels of anti-cyclic
citrullinated peptide (CCP) antibodies, among which, Cit-Fib group > Cit-CII group > CII group > Fib group, and
both Cit-CII and Cit-Fib groups produced high levels of citrullinated epitope-specific antibodies, while the total
IgG level was the highest in CII group; serum ELISA and RT-PCR analysis of joint tissue showed that the
expression of pro-inflammatory factors and bone destruction-related molecules increased most significantly in the
Cll-induced group, followed by Cit-Fib and Cit-CII. The above results showed that among the four different
antigens, the symptoms and conditions of arthritis in RA mice induced by CII were the most serious, and IgG
instead of anti-CCP antibody was its typical immunological feature, and CII could be the first choice for the model
of RA mice; Cit-Fib has certain immunogenicity, can partially induce the symptoms and conditions of RA arthritis
in mice, and produce high-level anti-CCP antibody and anti-Cit-Fib antibody, which is more suitable for the study
of citrulline-related RA; although Cit-CII has certain immunogenicity, the incidence, and severity of RA arthritis

induced by Cit-CII in mice are low.
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AmERA AR LR (2002-2) Fl
56 4% 96 IR A 7 (7001) ¥ B 3% [ Chondrex 2 7] ;
Peptidylarginin deiminase (P-1584) 4 H 3% [& Sigma 2
Al N R AT 4 25 11 5 (7001) W H Cayman Chemical
AT FYEE AR (111003) 1 H LA TAY) TR
WA BRA T . Vivaspin @ JE 208 (VS15T22) 9 H 3%
Millipore 24 ] ; i 75 B B (D104859) 4 [ Fif 2 T
KA A R 2 7] ; EDTA (ZLI-9018) I [ b 5t 2 &
D EEARF IR A A FBATEE (YA1071) T H R =&
VAR AR A F; AN RPN R KB fE (anti-CCP
antibody) ELISA i 7 & (CSB-EQ027743MO) 4y [
CUSBIO A #; 25 B i 5L i et (POO17F) T H =~
REVBHEERAA . MR BZEBKEA G
(mL057874). it 48 R L K] T -a (tumor necrosis factor-a,
TNF-a, mL002095)+ [/ & (interleukin, IL)-6 (mL002095)-
IL-14 (mL301814) F11IL-17 (mL301814) 4l i 7 £ 1)
W B b A R A R A | 0 SR &
(AE311-02) fi1 qPCR super mix (AQ101-02) ¥ H 4=
L& EMFRHEARA A .

5L I X 88 Multiskan MK3 B #5 41X (Thermo
Fisher Scientific 24 7); ¥ L (KPJ-1A). ¥ % V) v
ML (QPJ-C). W e LA HL (BMI-1B) (K 8 K F i
AL H A BR A 7]); CEX96Touch S I ¢ Y 5E & PCRAY
[Bio-Rad (3 [H) AR A #]; BX50 8 1E B 2 flss Bk
B (HA) AF]].

EEMIIREEBRCELEE MNARME TR
#: 100 mmol-L" Tris-HCI (pH 7.6)~10 mmol-L" CaCl,-
5 mmol-L"' DTT & T B /K, FI HCL i pH{E £ 7.6
HEAEZE S50 mL. FREL0.5 mg CIL, RN/ NEERRHh, InA
0.01 mol-L" Z,iZ 0.5 mL, 4 °Cid #%, # CII (0.5 mg-mL™")
11NN = W S U O 1 N = W o | A
(peptidylarginine deiminase, PAD) T I i ¥ ¥R it 47 i
1 ]2 B, 2 %644 PAD 5 U 4L 0.5 mg CII, 37 °C,
2 he MW E 20 mmol-L"' 2 — %Y 2. 12 (EDTA)
b R B A BE A JE I AR 4 T i 48 kDa [
B0, IR G RE AR B T IE T AS P A i ke
RGNt i, B TR P s b, AT, W)
B ENT S B R EIRS TR GEN %14
4°C, 8 h).

FEFHREBWET 40 X DBA/1 /M RARHE A E
T BB AL BT RIVE A S A, 43 N IE 41 CI 4
Cit-CII 41 .Fib 41 F1 Cit-Fib 41, ¥ 4 #8517 5l 5254k
AU CFA FLAL LR, 2 AL OB N K B AN B

Bk IE 5 A A1, HAh 25 2H /N SRS R B R AR 3 B R R v
S ARG P FL I B R 0.1 mL (& H 100 pg). ¥
WRIZILNE 0K, 521 REL FRDER, HiknE
Fa g% o

ERBMEAHLITES St/ DR RARKE, &
% = AR ORI R BN REE < 100%. X
T RIF5r 2 H SRS, B N BRE A 4 A BRI DG
AN BB 12 MR RESE .

PR R R R B B 4% PR Cit-CIL A1
Cit-Fib B 5 ng-mL", EL45 Bbxr 96 FLAK, £5£L 100 pL,
4°CWEEER. FERTWEMA, HPBST Wk /5 BT,
4 LT FE 5L AE 0.1% BSA-PBST 7 LA 1:100 #6 8¢, Jf- 7
Eim T RO E 2 he FEWAK, X PBST ¥
%, B A FE AL PN R IgG Pt (Sigma-Aldrich 24
) 5B A BRI S AR FE 1:2 500 (Sigma-Aldrich
AT [190.1% BSA-PBST #1 LA 1:2 000 # B, JF-76 =i
NEAE 1 he #—BWEE, H TMB R E fL1K
10 min, %85 F 2 mol-L™" H,SO, % 11 ] iZ, J£7E 450 nm
b RO G FEAE . SPAT IR AT A A DR AL A AR,
PR E S 2 K. H1CCP Pk Gk i A
TG A Il 42 el ) & vt B B kAT .

HE 3 BUECT, Z RN E, 10% EDTA
18 T3 AT J5 A D), HEAT HE 4 R0 3P 43,
HARWLEE N A FIVE 43 bR dE W2 1 s, 43 B Bk v 32
TN IR AR PR

Table 1 Pathological scoring criteria

Synovial Inflammatory  Pannus Bone

Disease severity

erosion infiltration ~ formation erosion
Extremely severe 4 4 4 4
Severe 3
Moderate 2 2 2 2
Mild 1 1 1 1
Basically normal 0 0 0 0

Micro-CT #1&%F BN BB IETT, 10% FEE A
€ 72 h, micro-CT 43 i 7E 73 ¥ %8 25 pm. IR K
72 min [ 2644 R F3 9 9 0E LT, micro-CT F 4 £ 1 %)
J 2% 5B %5 £ (bone mineral density, BMD). ‘& 1A 7/
#{ (bone volume/tissue volume, BV/TV). ‘& /N2 B f&F
(trabecular thickness, Tb.Th) ‘& /N4 43 B & (trabecular
separation, Tb.Sp)H /N4 (trabecular number, Tb.N).
B 2R AR L LE (bone surface/bone volume, BS/BV)
AT ST 50T

ELISA #0588 ) Z U Wl 5 46 A ELISA {7
aAar 0 2% 2L /)N BRI 3 A AR o TNF-a. IL-181L-6 AT IL-
17 Z54R 2 20 B R () ik /K
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WEMEXEF mRNAKENE  BOMRIEIR, &
HXS RNA 45 H i 56 9 cDNA. B 5, R H RT-PCR
VLM E c-Fos 8 1 i1k T A MU A% K 7 c1 (nuclear factor
of activated T cells c1, NFATc1) 3T {7 47 ik R T4 1 182
(tartrate resistant acid phosphatase, TRAP) Fl 8% & 41 iy
#H % FE 52 /K (osteoclast related receptor, OSCAR) ft]
mRNA FE Ko AR I F IR 2 s .

Table 2 Sequences of the primers used in RT-PCR. NFATcl:

Nuclear factor of activated T cells cl; TRAP: Tartrate resistant
acid phosphatase; OSCAR: Osteoclast related receptor

Gene Sequence (5'-3")
c-Fos Forward GGATTTGACTGGAGGTCTGC
Reverse TTGCTGATGCTCTTGACTGG
NFATc1 Forward CTCGAAAGACAGCACTGGAGCAT
Reverse CGGCTGCCTTCCGTCTCATAG
TRAP Forward CTGGAGTGCACGATGCCAGCGACA
Reverse TCCGTGCTCGGCGATGGACCAGA
OSCAR Forward TGGCGGTTTGCACTCTTCA
Reverse GATCCGTTACCAGCAGTTCCAGA
GAPDH Forward CATGGCCTTCCGTGTTCCTACCC
Reverse CCTCAGTGTAGCCCAAGATGCCCT

FitF 5% K GraphPad Prism 6 #4317 4¢
T 0T, BT &5 R DL E AniE = (x+5) RoR.
PR R 2 4 18] LK B one-way ANOVA J5¥2:, XA &
2 AR two-way ANOVA J5ik. #5775 % AR5k,
M — 25 R AES B 56 . AH 5% M 3 H1 K F Pearson
o Spearman AH ¢ % 73 M1 . P < 0.05 K8 f & F
ZE 5o

ZFR
1 NEBRHERLE

FETE REAR, BURE F T IR R Ak %o, I 5 &Y
FRI AR X5 40 7 J B E 120~130 kDa, /1T /WA 8R4k 5% 3
HITE %, Cit-CII 1) B ¥k 3T F8 22 85 CIL Y HL PO 7 6 1
VG, T T A G E SR A TR R L 2R A
R (B, RRFEARGT&H.
2 MBEFLZNER RAERRM

1T RA K73 410 30 100 11 DA i bR 2 B2 G YT /R A
i e S, R b DT % R R I R R 43 g VAl
RA BRI Zh ) R 18 BRI E K R . A T 5 L CII,

Table 3 Clinical characteristics in each group

160 kDa
130 kDa

90 kDa
70 kDa
55 kDa

40 kDa

35kDa B T
15 kDa .“

Figure 1 Identification of citrullinated type II collagen. Lane 1:

MV markers; Lane 2: Pre-citrullination (100 pg); Lane 3: Post-
citrullination (10 pg)

Cit-CII. Fib 1 Cit-Fib 4 Ffi A~ [\ 7 Ji X /I B RA & 2B 1)
SEMAAE FH, A 90 B SRR T /N BRI DG R AR IR IR
FAGr VR 2 SR AR SR L (Bl 2 FI 3 3). 45 R &
W, CILZH /N BT B IR A 24 KT 46 H B S5% 4 40 il o
AR, BEJG o A 2 0 2R, e L AR R | R IR FE I, 43 D6 AT
HELTE B2 IR, 56 36 R Im RAR 43 5 i 70 43, UL )+
SEAEF G W, TS R YR, DS N E, KR A
100% (8/8). Cit-CII 411 Cit-Fib 41 /s 5 31 4 8 1K 5 7%
26 RIFUH BT L0 e AR R B, K Wi 2 J/ IR T J5
A&, KT RAP A e o0 BN 20 B 32 4%, R F 4N
25% (2/8) F137.5% (3/8). Cit-CII ZH Al Cit-Fib 41 /s fil
[ 75 98 VF 3 AR R B AR T CIL 41 (P < 0.01), &
TR ARHO /> T CIUAL, 15 ORI B [a) B T CTT 4. .
Fib ZH /] 5R7E 58 AN W52 Ja) 51 P 35 oA DL B S J2 OG0 20 ik
LRGN Z R, RN 0% (0/8). WL, %
HANRBEBARHE, THRITFESR.
3 NRKRTALFIEZRM

RA [R5 BEAFAE A2 18 P2 22 M 1T %, AT I
o B EOUL 5% B AT SL IR i AT b vP A RA B B ) K
R R B PR P R () B E BT . RO HE St g
R, IR H /N RN, Tl 8%, 40
Ji 518 555 CILZE /)N BRUBR DG 45 Jla o 6] e 4 2 Y S 1
AR RN RAT I, AT BRAR A, 39 28 1) i 4H 220
B2 R, 5 T AT SR A kL, P T P K B 1Y) ¢ P 4 i
RIEFN P SR U AR, I A B T R, B AR R
B S A5 15 Cit-CILZH /N BRI DG, w42 21w 57 (10 4 s
B AR A O i AR, RS H I I A B i AR T

Group Case Time of first onset Number of affected limbs Maximum arthritis score
Control 0 (0%) - 0 0

ClI 8 (100%) Day 24 22 (fore limb 7/ posterior limb 15) 70

Cit-CIT 2 (25%) Day 26 3 (fore limb 0/ posterior limb 3) 20

Fib 0 (0%) - 0 0

Cit-Fib 3 (37.5%) Day 26 7 (fore limb 1/ posterior limb 6) 32
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Figure 2 Clinical features of rheumatoid arthritis (RA) mice. A: Representative photo of the paws; B: Weight; C: Arthritis score; D:
Incidence. n =8, X+ 5. "P < 0.01 vs Cit-Fib group. CII: Type II collagen; Fib: Fibrinogen; Cit: Citrulline modification

- R 0 Fib 2/ BROR DLW B B 22 0 e, AR . Bt — B E it BG4 R BOR, Cit-ClI
Cit-Fib 2H /> BRI <1 AT LA P52 1) T M 086 A4 1) G5 i A 41 BMD.BV/TV.BS/BV.Tb.Th. Tb.N.Tb.Sp ¥J 5 CII
A KRN 28 M A IR, ok b 2 A3 AT DL A BE R 1 AR WA L% 2 5% (P <0.05). T Cit-Fib 21 % BMD Al
HRMAE IR . EHSURE VRS, CHAEME Tb.Thoh, Hihistah 5 CHAL R EZ R (K 4).

R MUE 5 B RMAEHIr Y Rs BREERm 5 REZYMEREKFE

FHABZA (P <0.01), Cit-Fib A3 k2 HEZE& T P CCP A& A i R H S Bt ACPA 1) = BEAG Il 28
ot B ZH A Fib 41, Cit-CTTZL 34 55 = H B 3% T 5 iR B, 2 RA S L S W U AE AR LY, Bk A
41 A1 Fib 41 (P < 0.01), Fib 41 5 %F l 40 & W3 & & 1gG 2 RA I AAS I 1 FH 8 bR 2 —, g S L4 %8

5 (E3). PG PR AS s P Cit-CIL P4k 1gG F it Cit-Fib Hi 4 1gG
4 RBRTREZRN T 2 43 5 %6 Cit-CI1 AT Cit-Fib % 2545 57 1 R & iR 4k

18 % I IR RA 12 I (1 4 b ik, A 0F 58 R H FALRF SEEPUARN, IR 4 BT AR I 45 SR R OR,
micro-CT A7l £ AR MR AR TR 75 S/ RO AT 0 R4, 4 A& BLH Bt CCP Fi /A | & 1gGL 1t
AR I AT . Micro-CT 3D 2 45 W B R, %Hig Cit-CII 4% IgG AT Cit-Fib 44K 1gG B A T w8 T+ =
HE KA B, R EEW . SXT AL, Ccl . KT CCP ik, 541 Cit-Fib 41 & & =, H
/N R OC Y R TH A KR, IS AN, S BR BOo AR Fib 4L G it % 2 = (P < 0.05), HoAR 3 Ff
b, 5 BB ZHAH B, Cit-CII AT Cit-Fib 205 H B A 7] 7+ PRI S 2 (71 2 AN 5 T BR & A 1gG, CII
JEE B AR ok G T i R AR S AR Ak, T Fib 2 AR R, B 44 % 5% B3 (P <0.05), Cit-Fib

Control (ei1 Cit-CII Fib Cit-Fib
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Figure 3 Representative micrograph of HE staining. A: HE Staining. Scale bars: 200 um; B: Histological score. n = 5, ¥ + 5. "P < 0.05,

#P <0.01 vs control group; P < 0.05, P < 0.01 vs CII group; “P < 0.05 vs Cit-CII group; “P < 0.05, ““P < 0.01 vs Fib group
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Figure 4

Micro-CT images and osteometry parameters. A: Representative micro-CT imaging of the knee joints; B: Osteometry

parameters.n = 5 , ¥ £ 5. "P < 0.05, "P < 0.01 vs control group; "P < 0.05, P < 0.01 vs CII group; “®“P < 0.01 vs Cit-CII group; “P < 0.05,
&&p < 0.01 vs Fib group. BMD: Bone mineral density; BV/TV: Bone volume/tissue volume; Tb.Th: Trabecular thickness; Tb.Sp: Trabecular

separation; Tb.N: Trabecular number; BS/BV: Bone surface/bone volume

ke, BB AR it % %% (P<0.01), Cit-CII.
Fib 1 Cit-Fib Z [8] 22 7 A & 3% % T4t Cit-Cl fi 44,
Cit-Cll & & & 1, CIHAH Rz, H =33 83 & T % g
ZH . Fib 1 Cit-Fib 3 41 (P < 0.01), Fib A1 Cit-Fib 5 % i&
HAHLL A FE BB TE Gevt % 2% 55 5Tt Cit-Fib 51t
A&, Cit-Fib 21 7 & 5 i, H 5% 4L Cit-CIL#1 Fib 21

M A it %25 (P <0.05), CILA$i Cit-Fib Hiik &

B RN A g2 R, 5EHAR 3 AT
AL .

BE— 20, RN T A A Sh ) S Bk B
IgG 591 CCP iR I AH G, 45 R oK, 3 Kk 5
P CCP P AR 5 IEAH &, H i 1gG A4t Cit-Fib Hi 4
55t CCP Hifk 22 535 IEAHK (P < 0.05), X — 45 AR
T30 CCP HUAA AT M )R S 14 A0 R BUEE (5)
6 IEBIZNH I E KREE F 7K
TNF-a IL-18.IL-6IL-17 & RA & Jf i 72 o 1) &
Eﬁ“ﬁiﬁ@l% H S PR B SRS T
X LR T2 5 Th17 A Thl 40 Ml A5 103E B PE G BE
%, IRk — 0 R0 RA IR 2 Pl B AR, LYE ROE
[Al ¥ ELISA fu I &5 % (¥ 6A) 7, CII 4 TNF-a.
IL-18.1L-6IL-17 & K~V fe i, 34 5 2 e 1 0] HELAHL
Cit-CII. Fib # Cit-Fib 2 (P < 0.05); Cit-Fib 413X £ % Ji
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