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WE B @S/ S U S A0 R PR 2 L BT D 7F 78 28 KGR 5% 15 98 A 2% 8] 5 18 g

(RA-ILD) i BEALH S AL T SESh MR . J5 3K 3G/ B B2 A VST 7 2 9 Qe FRURI i 2L 20 19 A B
U RGN, AR 58 4 B IR R & M AL B S . HE Je e/ ERZAL 2% BEAR AL Masson Fy (il
AP 4EA s gPCR RLIZHAUH IR F (RF) « MERAHEREDTR-6 (KL-6) K@ il & 1

(SP-D) HJ mRNA /KF; ELISA 34 ACPA. I1gG1l. 1gG2a Hl IgG3 HiAk/K T Heis 5% e g kel il 2
AP RAEANHL LU oI R L (0-SMA) ik [9321L; Western blot 4l Collagen I a-SMA # 3%
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Abstract Objective To establish a mouse model of lung injury induced by self-antigens and explore its
pathological mechanisms to provide a reliable animal model for studying the pathogenesis of rheumatoid
arthritis-associated interstitial lung disease (RA-ILD). Method The mice were injected intradermal with
antigenemulsion made of complete Freund's adjuvant (CFA) and lung tissue protein, and the emulsion prepared
with incomplete Freund's adjuvant (IFA) was used to enhance immunity. HE staining was used to observe the
histopathological changes in the mice. Masson staining was used to detect pulmonary fibrosis. The mRNA levels
of rheumatoid factor (RF), Krebs von den Lungen-6 (KL-6) and surfactant protein D (SP-D) were detected by
gPCR. The levels of ACPA, IgG1, 1gG2a and IgG3 antibodies were detected by ELISA. The changes of
inflammatory cells and a-smooth muscle actin (a-SMA)expression in lung tissue were detected by
immunofluorescence staining. The protein expression levels of Collagen I and a-SMA were detected by Western
blot. The changes of immune cells were detected by flow cytometry. Results HE staining showed that
inflammatory cell infiltration increased and tissue structure changed significantly in lung tissue after the model
was established by self-lung tissue antigen. Masson staining showed increased collagen deposition in lung tissue of
model mice. gPCR tests revealed elevated mRNA levels of RF, KL-6 and SP-D.. ELISA tests revealed elevated
levels of ACPA, IgG1 and IgG3 antibodies. Immunofluorescence results showed that monocytes and T cells
increased, and a-SMA expression increased in the model group. Western blot results showed increased protein
expressions of Collagen I and a-SMA. The flow cytometry results showed an increase in T cells and monocytes in
the lung tissue. Conclusion The mouse model of lung injury induced by self-antigens is successfully established,
and T cells and monocytes may be involved in the occurrence and progression of the disease.
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#9% Cinterstitial lung disease, ILD) #& RA f i WL TSR IUFISE TR H 2 —, THE LM RA B WAEE T
BAMAEAF N, RA-ILD KR ALEI AU, BIR O LR T RA-ILD IR FT, (HRIX B RIE
BN RA-ILD 17 BEALA o A7 78 25 Pl R BRADAS A2 o B0 75 3 1A /0N B DR 1 2 A 28 o 0 ISR R £

(anti-citrullinated peptide antibody, ACPA) i, MVl R EE2, (R AR URE, BT
B B BRAE, /N BROR UG EF 4L, SKG /N BRUBERLAE AT T ek B2 AR B SR BE VR D05 0], BRI
RICH RSN, IR SR AL, O A TR A RE R B B S S RBR s &
LA/ BB S ML RN R LR S AR p R (451, AN B v A S B A GBI AV IR RARFAE , 38
RE T B4 7 [ B G Ve 1) s AR T 5 R WL o 0T 98 J0L08 1 e ST 2 40 1 B 5 5 3 0 e )

Jitigs /0 BB IR R S FOR FRE AR, O RA-ILD ML 50 S 25t R S (R 5 T S ) Sh e 2y

1 RS

L1408

1.1.1 3% 30 MM C57BLI6 /N EBRIW T AL 7 DUR A AR A PR A B [A4%1IE5 : SCXK (3%) 2024-0001],
TSR T L RIERER S Im K25 BRI ST SPF 4300 55 MAIRE (2242) °C, MRJZ (500) %, HFFHEH#H 2
AL, ARAETTRAIK 78R « A USRI 22 B BRI A I R 2 B TC T S 0 S A0 28 A S i (HLVE S
PZ-2020-021) .

1.1.2 B/ 58438 KAL) (complete freund's adjuvant, CFA) « A 524 # A% 7 Cincomplete freund's adjuvant,
IFA) (#%5: 7023, 7002) g TAb st HEAEMBARA R AR BCA EAE R Wi slHa.
TRIzol. IMDM #5573 (155 : 23225, 4366597 . 15596026 C12440500BT) ¥y T35 [ Thermo Fisher Scientific
A#]; cDNA #3571 & (55 Q111-02) I TR i MR E MBI R I A FR A =] /NEL CD4 FITC. CD19
FITC %64k (525 100509, 101505) -T2 [H Biolegend A &); /N o-~FIFWUILENE H (a-smooth muscle
actin, a-SMA) Pifk (1#55:AF1032) F-3E[E Affinity Biosciences /A #]; DNase I. Alexa Fluor 594 %t —
$it (175 10611ES76. 35107ES60) T~ LifF S L MR AR A YR CD11b $ifk. Alexa Fluor 488
WK (15 333804, A-11008) T3 [E Thermo Fisher Scientific A ®); CD19 PE. CD11b APC. CD3
eFluor 450. CD45 FITC. CD3 APC. CD45PE/Cy7. CD4 APC/Cy7. CD8 AF700. CD44 BV421. CD62L BV785
MAFUE ($75: 115507, 101212, 124223, 103107. 100235. 103113, 100413. 100729. 103039. 104440)
-T2 [ Biolegend /A &]; —#H1ik71] GAPDH.a-SMA #1 Collagen I( %5 : 60004-1-1g.67735-1-1g.66761-1-1g)
1T RN ZE A E ARG IR A 7 IEREE V(585 : C5138-1G) T34 [E Sigma 2 = ; & FEEINHI7 PMSF.
HIERAER RIPA (B85 : ST506. PO013B ) M T HigFH 2 REMHARGR AT PAGE Bk i i &7
& (15 PGL12) T iR MR R A R A7) 1gG1. 1gG2a. 1gG3. ACPA [f ELISA il & (1%
Z: ml058077. ml058075 . ml058325. ml490375) T EifeBelt EMRHL AR AR .

113 % T (35 CytoFLEX) WT-3E Ul v & PR IR A Rl SR AL40 M F 4 50 B



F4; (J45 . Pannoramic MIDI 1) T4 L0 7R Hf s 23 B2 7 BHECH IR A 7] WO RER M (315 Leicasp8)
W% [ Leica 27 ; BEFR{X (S Infinite M1000 PRO) T i+ Tecan A 7]; PCR ¥ 14X (%45 T100
thermal cycler) J&T-3%[E Bio-Rad A 7]; SEB2GE fE PCRAX (15 : QuantStudio 3) J&T-3&[E Applied
Biosystems A#]; fh2 Rt (B15: Image Quant LAS 4000 Mini) T35 GE A®]; mBkiX (B5:
DYY-7C) My Tt A—EWRFE AR A .

12 75

121 /MR B S PR i R (s

TowE 2 N N SR GAPRE  R S TEE PBS L 1: 2 (mg: L) LBl T 503 ds b Bk b
WRE BRI, B2 1.5 mLEP Erh el W LIFHIHEM BCA BU &N RAPIKE . &
WG AR PBS K IR E R EE TIRE, ISR CFA B IFA Hl el BRLA/NRAES 0 R
IS 7 KJBH BB IVESS 100 pl B CFA (5 mg/mL) S5MHZIE A BiFW (5 mg/mL) e & i KL,
TEH 14 K, FAHFENREFIMALR R BIERYS IFA IRE EFLFEHT MRS . %X AN RS 04 7.
14 KA E ATEESS 100 ul PBS. BLM BHTEXTHEZH/NRES 0 RFAUCRE vEST 100 L k&R (1
mg/kg) -

122 BHHRFER/D RIS OGHIP

/NESHZEZR HE A1 Masson Zeta ] i A 3D RSB B M EHR B . HE G tlififi it o 4n
HEH 4 AR RVEAIMIIRIE . IS RS AP SRR R T . b VR AR . e
SEAE RGN ) Y )R X 3 ANMEARARIE I X E 4 L ar 4, IRt 40 15 9 1 N TR B AR
WA (0%~10%) : 2 JAREERAL (>10%~40%) : 3 ZUNHEHA (>40%-~60%) ; 4 2% 9™ HHidE (>
60%~80%) ; 5 FNMELNTAL (>80%~100%) o kPRI FE R AR I HLAE T ZH 4 b i) S BOHAT VRAS (1 2%
0 2%%: 1~34; 3%%: 4~61; 4%%: 7~941; 5%%: >9 1. Masson Jeto 45 A H Imaged B f:i#E47 4
Hritss .

1.2.3 WR4HpAR

Bl 20 202 BT ELHI AL (L mI IMDM 357725410 il it JEBFIV+10 il DNase 1)H, 85 JJBY#8E 7 BT
37°C, 200 r/min {EIRAH /L, 55 min 50 100 uL EDTA (0.5 mol/L) £ 1biH 4k, 4k i K 8 4% 40 S
A1 100 H MW EEEEF2 45 50 mL B0 &, 4 °C. 3000 r/min B0 10 min. 35 FiEW, A0 1 mL 2040 24 i
ZL4 5 min. il HBSS % 20 mL, 4°C. 2300 r/min &.0» 5 min, 7+ -i&#, 0 FACS Buffer S 21405

2x108 NI 50 pL PifkiE &4 (CD3. CD45. CD19. CD11b) FEE4MM, K LEHEIFE 30 min. N



A 1 mL FACS Buffer E&:, 4°C. 2300 r/min &> 5 min, F Lifi. F 300 L FACS Buffer &4 il & 15
o1 K ol 8

1.2.4 qPCR Hr A E F KR 1A

BUMH L 1. 2 (mg: pL) FIEAGIIN TRIZol BFI4REL RNA, TERFESAC Rt 2H AT IS o vk B E
30 min, FHJ5 4 °C. 12000 r/min &0 15 min. AR BGHAS LIEREFTH) EP &k, L NEHRIES] 10 Ik
J&, HEIRFE 5Smin. 0200 pL &4, EIZIRESRIRAME LIER S SRR, SRFHE 10 min 5 E O
W STt KAE, BN S AR, BENES], UK L% E 10 min, 120001 /min &0 15 min, #2:
EP &b LW . FHREMAETI 500 pl 75% 1 (oA MEKECHD AR EP &y, B NEEIYEL RNA UL
T, BOET RIEI, BRI 3 k. S E XTUE, A EP BHIIN 10 ub ITEEREK, iRiERE
GRS, FMER AT RNA R, A0l R & A cONA, it R s I 51 9 ) 4T
I QPCR ABN] E &, K% KU B 7~ (rheumatoid factor, RF) K AL BE %5471 -6 (krebs von den lungen-6,

KL-6) FfifiiRmiGtE& A (surfactant protein D, SP-D) A1 GAPDH ) mRNA /K. 314551 L3 1.
= 1 51MF5)

Tab.1 Primer sequences

Primer name Sequence (5'-3")

RF F: GTTCTCACGGACTTTGTGCC

R: ACCGTGTCTTCCTTGAGCAC

KL-6 F: TCTTTCCAACCCAGGACACC

R: TCCTCATAGGGGCTACGCTT

SP-D F: CAGACAGTGCTGCTCTG

R: TCAGAACTCACAGATAACAAG

GAPDH F: CGTCCCGTAGACAAAATGGT

R: GAATTTGCCGTGAGTGGAGT

1.2.5 HERIE
BUNRITAZY) 60 CHFE R E IR, 4 H Mg /KILEH 0.5% Triton ZiR#F & 30 min, BT

MBI IEAE B &k 15 min, 5% BSA =R E 1 h, 25 —H0 o-SMA (1:500) . A% CD1lb



(1:400) . CD19 FITC (1:400) B¢ CD4 FITC (1:500) 7E 4 °CH¢ & i1, PBS Wt AREE&Pifs, FAMMAY
TN TP R E 2 h, BV KE AR, ER T, ORI R A B TIR.
1.2.6 Western blot ¥4 U & B K

BN, 8 LB N MR RN PMSF - F oK EHFEE 30 min, .05 B LIS W BCA W7 &t

N

THRATE. GEHRAERMN BT Rk, I, 5%blE - 9aiA 2h, TBST WIEERE —$i4°C
HR. KH TBST ¥elE, HRMEXNR 50 2 h, FR, FALERIGCREBRE, Imaged B4 4 KB
.
1.2.7 ELISA ¥R Hi A K F

BN RIS R ACPA LUl £151% Eis Rl 19G1. 19G2a A1 19G3 Hifd/KF. W& EhrdEfmil. =
FFLAAFIRE AL, ARHE LA IR R BEARHE 50 uL, FEARFLINARIAEA 50 L, 2= AFLIIA 50 uL #¢
AR BREAFLAN, AR dhSLATREAS FL N AR L S AL YRR 10 AR DU T4 100 uL, 37 °CIEIEMIFE 1
he FEFEWAE, WOKAK BT, FFLINHEREREE 1 min, RERKBIHET, EEBER S XK. FILIA
JEY AL B %% 50 uL, 37 °CHEEGIFE 15 min. FALINZ LR 50 uL, 7E 450 nm 3% KA 2 & FLIBOG E A

1.3 Giit oAb

{4 Fi| GraphPad Prism 8.0 {45 Bedi 4T Gt o0 M. Fdlas 0L X £ S FoR, WidL B v LR t 44
5, ZHBEMLEBCRARFE R Z 4. P<0.05 NEFH SRR L.

2 R

2.1 SRS AR 7R ) B BT R A 22

HE Zufa gk L], SIEHEMBANRILE, BRA/NRELT 5 mo/mL HREESE, D RIHHEZS
I T IR R B A (B 1A o IR (B 1B) , AR /N R 2R 98 4R i (F= 13.68,
P< 0.01) . kUEN (F=7.00, P<0.05) . fifiififa (F=9.537, P<0.05) 655 (F=10.50, P<0.05) 5 IE%

X FRE/N R LB R 7 5, B BLM B MRS REZH /N U2 2R3 A A AL



B 1 &4/ BAmH e
Fig.1 Lung injury scores of mice in each group
A: HE staining of lung tissue>200; B: Pathological index score; *P< 0.05, **P< 0.01, ***P< 0.001 vs Control
group.

22 HEVURE MR O B AR AR R 22

HE Qeta g RoR, 5% R bR, BRI/ R MU B B0 7 B8 5, RARZORE 0 A, e
AL IR SIEW A IRA AL, BN RO M IS AR IR AR O EH LA 0L A
2L, MOTUMIAZ SN RTE, CoILET EARACIE T S TN S5 A e R, AT A A5 A L S
FRIK EDIRAES B EE GRS, B/NVE LA e ar, B NERECE DL AR BUR W B AR . LR

2,

B 2 IEEXRAMRRANR L. B MNAZRERN



Fig 2. Histopathological changes in the heart, liver, kidney, and spleen of mice in the normal control
group and the model group.

HE staining of spleen, kidney, liver (><100) and heart (>20).

2.3 ASHREFE MBI R A A0 e

Masson JetazE IR, 5IEE W REAL/NRAE L, BRI/ . e R B LA R 5 A f ) i 5%
F I 0 A EUUIE (F= 19.45, P<0.01) , BLM BH P IR ZEL /N BR AU % it 1) o 441 Rl K 458 81 S22 1 o £ IR
JRUTHE . s o, 5IER R NRAR L, BB L /N Bt 2 43 b mT LB S A0 D R S
a-SMA ik 16 £ (1=9.649, P<0.01) . Western blot £ R 275 , 55 IE ¥ % B2 LA, 744 Collagen 1C(F=29.06,
P<0.05) Hl a-SMA (F=29.11, P<0.05) #HHEZKIAIGIN, T BLM BHIEXTHEZH N Collagen IFI a-SMA ik

BEHI. A ESRIER, AN R A LR 4L . WA 3.

B 3 B SR 7 TR AR /N B AT AL
Fig.3 The pulmonary fibrosis tendency of self-antigen-induced lung injury model mice
A: Masson staining and analysis of lung tissue X200; B: Immunofluorescence images of a-SMAX400. The
yellow arrows indicate the fluorescent expression of a-SMA; C: The protein expression levels of Collagen I and

a-SMA, and corresponding analysis; *P< 0.05, **P< 0.01, ***P< 0.001 vs Control group.



24 BEVURFESMSRUEE/NRAEYFiE 2R

QPCR A5 4 20 /)8 R il 21 21 Ff RFVKL-6 5 SP-D ] mMRNA 7K & B, B 38 15 K 2038 0, RF mRNA
KPZEH i (F=28.98, P<0.01) ; KL-6 mRNA /K&t & (F=54.65, P<0.01) ; SP-D mRNA 7K

STt B S (F=44.81, P<0.05) . VLK 4.

B 4 B 5 HUR G SIRGEELN RAEYFIRIR K2R
Fig.4 Changes in biological indicators of self-antigen-induced lung injury model mice
A: The mRNA level of RF in lung tissue; B: The mRNA level of KL-6 in lung tissue; C: The mRNA level of SP-D
in lung tissue; *P< 0.05, **P< 0.01 vs DO.
2.5 /RIH R A RGUEK T HIZR L
SIE# X R4, AL/ R4 215 % F 19G1 (t=3.008, P<0.05) Al IgG3 (t=2.664, P<0.05) ¥
RAKFFHE, 1gG2a (t=2.053, P>0.05) AR To R % % 5, B2 /MR MLTE H ACPA $ifk (1=4.252, P<0.01)

KFThE. WA 5.

=~}
@
=

A

300

IS
o

=
(=

100

12G2a in lung (ug/mL)
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e

=
S0

i
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PR

ST TR = 1]

Control Model Control Model Control Model Control Model

Bl 5 /BRI PSP 9224

Fig.5 Changes in the levels of relevant antibodies in mouse lung tissue
A: The antibody level of 1gG1; B: The antibody level of 1gG2a; C: The antibody level of 1gG3; D: The antibody
level of ACPA,; *P< 0.05, **P< 0.01 vs Control group.
2.6 FiliZEL4R vk 2 40 AN B i 4t Bl AR 4K
PR ICEE RR I, 5IEE X AN B, AL /N BRI ) & VRN P 32 A Tl pi v, H DA

T2 (t=4.308, P<0.01) Fil T 4y (t=3.220, P<0.01) v . HLAZANMAEbE i Hiig i gl £, iatiEd



AT IR S IR AEE R, S5 IEF XA/ EAR, YA /) BRI 2 2 B A% 40 g (t=3.749, P<0.01) Al T

Y (t=4.542, P<0.01) R E 8GN, 11 B AT G HF2= R Jeoh, 5IEFEXTIRA LT, B4R CD4*
T (t=4.512, P<0.01) 1 CD8" T (t=4.082, P<0.01) 401 b5 R 2 3G I #E—25%F CD4* T 40 /34 B, WIZR T
NP LGB P& (t=4.520, P<0.01) , 19 17 T 4l (t=3.835, P<0.01) FIALS. T 4l (t=2.794, P<0.05) LL.
T HERA Gt Lo X CD8' T A/ &I, #I4h T i by FR 1K (t=4.908, P<0.01) , Tt Jidiz
T i (t=2.325, P<0.05) AN T 4HAE (t=2.996, P<0.05) tLl s H Z R ALt R L. SREW, KEE

TN BRAE R Rl 5 B A AR AN T AR A OG . I 6.



Bl 6 fe e 4H AR AL
Fig.6 Changes in immune cells
A: Immunofluorescence of immune cells and analysis >400, and the yellow arrows indicate the target cells; B:
Flow cytometry and statistical analysis of monocytes, B cells and T cells; C: Analysis of CD4* T cells, CD8" T
cells, and their subsets including naive T cells, central memory T cells and effector T cells; *P< 0.05, **P< 0.01 vs

Control group.

3R

AT 1/ B A L0 R 5 /N B A B PR i 477, AT 4 /)N BRUR8 LL IR A A IR, O
BE 2 RIS A, SR E, i AR SER R I X R 2 WA %, X5 RA-ILD &%
ARt e ) J5 1 M 8 R R BB AR AL . BB/ BRI AL 2 e T B T R U, Ik TS DRV TR 1 A
RA-ILD 355 DL (R0 PR 98 sp g R T, A2 EE B BRARAE 2 — (81, BRib 2z 4b, J@3d Masson 4 (b2 BT
ZH/IN BRI AT A B T BRSO R I TR T, Western blot 45 5278 a-SMA Fll Collagen IFIAI £, $R T Jii
PR ET AR R PR AR, 3t A 5 i PR AL T J i 8 ) — A B B ARRALE

RF il ACPA IR _Ei2 W ¥4 RA Fl RA-ILD H HIHIZAEAL TR bR . RF 2 —2KH SHifk, £ 196G
1 Fe Jr B, X RA WA — & MEBUR AR 2, (22 RF H9E RA KA IR EY, HoKFA st ag

LA A B B G BEVE OB AN B UL, R THREEE AL B B S Be PERT 28/ AR b, BT B RF 7K



PR AW AR /N BRI Z R RF mRNA K F &, WTRES B S PR Al 30 e R RAE G .
ACPA & RA HIHZAEYbREY, IFH ACPA KVTH 5 RA-ILD HYA XS . il 52 SRAERZ LK Al Dl g
HiE BV KO, 19G1. IgG2a. 19G3 5 W ALHI 5 Foy SZ4R45 4, WG dif, PiUR RAME 1, M
M2 5 RA & H 5 Rk Pm g F200, AWFR s R E/R, BAA/NR ACPA. IgGL il 1gG3 Hifh/KF
T, RRBARVNRATRES ) T 5 RA & RA-ILD FUU G B 72 . i ks 542 KL-6 A1 SP-D &2
W7 ILD M EZE YRS . AE PRI KL-6 5 BB NIBE A & LUAHSG, SImA4Ebmtt i
AR, SP-D MM RMIEEA K . AR D RIEEE, MHZh KL-6 F1 SP-D (R4 B K& A F Tt
oo XS IR FETR /N B H S I ZAGUR S T 0 5 N UIP X — s R B RIAH L, 2 REWS BN RA-ILD
B TE TS ERE AL .

FAZIEVRANN . T 00T B 40 MR AR S BN S A, 7 B S S M TR HE T R .
T 20 R A% 0 L P9 S B 0, ThL7 AR ML 7R R/ I G 40 R T B A8 b T, 2 B A
TR EST . 3K e 200 i P 3 A R G S B JE TR T ORI, BE— B I U . fE B SRR, B
T 4 DA R T 40 M T 1) A8 A A0 BR A Bt 40 B 48 22 R 5 50 0 RS sh M AN P R S VA SR IIPE - . A
AR, BEE G R K, BN R AR A T 4 iRiE i 28 2, 1M B 40k,
TowE. FEk, WEAN /N R A SR SRR AR b T R A R P AR, A
B E B G PR I R A

Li LRTA, AWETUESL TN A B PR A8 v I BRI A A, SN PR VE 43 R 2 S
AR S 2 Y FE VT AN AR R R B L B By R 5T 0 T O I 5 /) BT R RT Re D B g 1 A 5
T IBIE AR T HETE BT (K B B

ZEIR
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