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R T % (theumatoid arthritis, RA ) &—Ff
18 1E B B S e M | L BRARAE O 3 B4 AR R
A A0 R IR0 AR AR O B AR 4= d DL R If A 5%
MBI, e 4 S BOCT IR L 2k 2k > 7
RA H, il £F 4 FF 3 5 40 i (fibroblast-like synovio-
cytes, FLS) 78 Ho v & ¥ 7 S Z 9 /E T, 36 1L 19 FLS
20 AR A A0 B A R BT, g3 WA SR RE Y (TL-6., 1L-
1B )" LI T 5 2 I B T~ (transforming
growth factor-B, TGF-B)"' | 3 it 4 J& % 11 i (matrix
metalloproteases, MMPs )"/ 1 40 Jg 26 Bff 70 77 45, 1
2N = = ) | S e 1] R N e T e
il FLS 200 9 385 58 0 9 AE S 07 i B RA R YT IO T
BN . BB & A A (bone morphogenetic pro-
teins, BMPs) /& TGF-B M 55 i 2 — , J&— P43
BG5S HEAY, R MR a mEsE . o
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R R E I 2S & A2 3 1 3 (bone morphogenetic
protein 3, BMP3 ) il it 410 il 18 F 48 At 7 Ak A0 2 RE K
T RA G B BB S, (AR FLS 4 M 55 S by v
(8 BT AL v AN A o PR, AR ST S AR
HRSEEG , ZR G853 HT BMP3 X FLS 2 i & AE K - (4 IL-
6. TNF-a) X ¥4k K5 G [ C-C e #a A0 PR e 4 2
(C-C motif chemokine ligand 2, CCL2) . IfiL % 40 i &
[ff 43 F -1 (vascular cell adhesion molecule-1, VCAM-
D TR AE R, L8 s HAE RA P i3 7ER T
AXIE®

S HE— B ERGT BMP3 7E RA T PR T, A B 5058
i 3 1G58 24 57 (Freund’ s complete adjuvant, FCA)
R R ATA LAY, 455 AR5 FLS 21 %t 3 P g AT
DU IR T2 5, R G853 BMP3 X R AE S N 11
P

1 MRS

1.1 ##

L1.1 %%z 40 H 3% 7 4% - 18 Al K R
(sprague-dawley, SD) K B (HEVE , 14 BT & 120 ~ 160
o) W [ LRER R 2= sh Py bty 8 A 35 24
SRl B S S O A K RIS T A R ER B
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T B 7E (2242) °C L MR BE 40% ~ 70% , Sl 3738 K,
KRB 782 . AW LRI R R =55 5
YIeBEZE G2 AL (it : LLSC20210150) .
1.1.2 £2XA 5% FCAIYH 3 E Chondrex
I8 Al (5725 :7027) ; BMP3 Fil TNF-o 5t 44 g [ 3% [
Abcam /A 1) (525 : ab134724 .ab307164) ; 1L-6 . IL-1p
FIL-17A Fi 4K W B 9€ [ Bioworld 24 & (58 %5 :
BS6419 . BS6067 . BS60297) ; B-actin HT A [ 3% [
Cell Signaling Technology 2~ & (485 : 4967S) ; Vimen-
tin LR A B =8 AR E ARG R A (575
CL594-60330) ; Alexa Fluor 488 8¢ 4 1L £ 31 % TgG
(H+L) PR F 365 thAZ S0 A 0 H R A R
P95 ZF0511) ;4" ,6- "5 5L-2-HHLIB| U (47| 6-di-
amidino-2-phenylindole , DAPD) W4 ] |73 = KAEY)
HARABRAE (555 :P0131) ; TRIzol IR FI A [ H A
Takara 2> 7 ($2 % : 525-0058) ; BMP3 , TNF-a.IL-6
IL-1B.IL-17A .CCL2.CCL3, VCAM-1 Fl B-actin 5| ¥
M LR TAYRH A R AR A . Evo M-MLV
190 Bt 3 TR AR G 1 9 e SR e A ) TR AT B
A (585 :11701) ; BMP3-RNAL g [ | 1 55 3 24
HABMWAR, B BMP3(Ad-BMP3) F1%f B (Ad-
NC) () B 35 1 F 0 DUE A= R A FRA D L B
5 BMP3 i 8¢ B K 9 % ) 91 2 % [ SE 1 E K 2B W)
AR AE B 0 (National Center for Biotechnology In-
formation, NCBI) % ## % ( %% & A& ID i NM_
017105. 1), 2364 & B A H A Olympus
Corporation 2y A (%15 . 1X83) ; Kt 74k PCRAY I H 55
[ Thermo Scientific 23 A (%15 : QX200)
1.2 FHi&
1.2.1 AIA K RAEAZE 5 I T LRIERK#
ST E ) RO AR R R 140 g+20 g B AR ME1E SD
KEBENL A F 5 R —58 3 N M) 5% 18] 5 A
PR BRUAE S B3R Bk 3 B N 33 FCA L, 55 3 A 1)
P & 5 & (adjuvant-induced arthritis, AIA) £ &Y |
FCA R M 0. 1 mL/100 go X RELAL K FUFE 72 5 i e
A8 B2 PN T A ) 5 1 PR A B R K . FCA 7
BPMRNE 0K 725 8 KT ATA KRB I N v
$10. 1 mL#47 BLUE BMP3 (Ad-BMP3) 5 Ad-NC 1Y
NRIPSEE , ATA BB HE ST (1) 575 24 RN R BREAT % SR K
IFWCEREA . DL B 525 7 R AN D BRI & %
BUERI RS Y E P ZE 51 25506 2R
1.2.2 BEALBEFINR  ERGIERR,
T 43 R RO DG Wi I AL 2, ) 4% 22 3% W I [

JE 48 h J5 4 EDTA JB 858 B85 , Bl 5 2647 A i 3
Yk @81 5 I HE G4 €8, 5 53l 58 08 25 1 A 20 21
i ERAR AL

1.2.3 Spsate KRB Z A 175 Ak
M5 4 Cid R & BMP3 Fidk , ik HBUE G T &R
NERO0.5h, FIRMFE ~Hr2h,3,3 - “HIELHK
W (3,3 -diaminobenzidine , DAB) it {4 5] i {6, & =2k
PR CSORE , B S AT IR AR 52 Y A A%, B B 2B
WK, ZH2RE B B IS A A WK BMP3 &
KEDL

1.2.4 @miaidf WOEREBOCT RBRAS, R
FAWM: s A7 0 B8 A R IR AR FLS 40 . 2 L T
37 °C.5% CO, %4 , A F % 20% FBS i) DMEM %
TR SR, Zead 3ALARE BRI A5 23— BIE &R
SE M FLS 40

1.2.5 KA RO FLSIMZ B E 1 ~
2x10° A /mL B, {f FiJ BMP3 Hi 44 #l Vimentin i 14
(1:200) AT HFEFIEAYL . L Alexa Fluor 488 {
B9 L1 =R P %R TgG (H+L)AE i — 3T, F DAPLX) 41 fifg
b A7 2 e, 286 481 B 0 A e A I e €8 19 FLS
i)

1.2.6 ARz WE/NTH RNA (siRNA) G
F I FLS 40l ff BMP3 ()35 . BMP3-RNAi 1E S 4%
4 5"-CCAAGUCUUUGAAGCCAUTT-3" , Jz X 45N
5'-AUGGCUUCAAAAGACUUUGGTT-3" . Ff % %}
M siRNA (NC-RNAi) IF ¥ %% J& 5'-UUCUCCGAA
CGUGUCACGUTT-3" , & X #f J& 5'-ACGUGACACG
UUCGGAGAATT-3" . f#i ] GP-transfect-Mate %% 44 iz
K- BMP3-RNAi 7% YL 21| FLS 40 fg v, 4 B2 1 Opti-
MEM 3% 5% 4~6 h, 2R J5 8 i &% 20% FBS ) DMEM,
1E 37 °C B5 3% 48 h.,

1.2.7 A B kX BMP3 A £k TR i
I 25 4 AR A PR R R A R R A R Y B
TR, H BMP3 i 35 FURL (BMP3-PEX) #% 4 FLS 4i
JiL, % S BMP3 i %3k, IF LAZS 1) PEX-3 /& (NC-
PEXOE X B e YL S fifi ] LipoFiter 3. 0, 7 4420
RE“1.2. 6730,

1.2.8 qRT-PCR 4R & il i& w F Wh/bh i, i H
TRIzol i3] A\ FLS 4 At rfr £ B RNA |, S5z by AR 44 il
T ZHEAT 6 Evo M-MLV 30055 5% 1R 1 571
BB RNA 5% 5% 4 cDNA . IBAh, {0k PCR
ASCRE I AF 56 5L B Y mRNA ik K V. ] 246 4
Br H bR L mRNA B AH XS Rk i . SC5 A Y
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Tab.1 Primer sequences of related genes

Gene Primer sequences (5'-3")
BMP3 F: CTACCCTACCTAGCTACGTAT

R: GCTGGTGACATTGTTACTCATG
IL-1B F: TGACCCATGTGAGCTGAAAG

R: AGGGATTTTGTCGTTGCTTG
IL-6 F: GAGCCCACCAGGAACGAAAGTC

R: TGTTGTGGGTGGTATCCTCTGTGAA
IL-17A F: TGCCTGATGCTGTTGCTGCTAC

R: GGTGAAGTGGAACGGTTGAGGTAG
TNF-a F: ACTCCCAGAAAAGCAAGCAA

R: CAGTTCCACATCTCGGATCA
B-actin F: TTCGCCATGGATGACGATATC

R: TAGGAGTCCTTCTGACCCATAC
VCAM-1 F: GTCAGCGAAGGAAACTGGAG

R: ACCGTGCAGTTGACAGTGAC
CCL2 F: TAGCATCCACGTGCTGTCTC

R: TGCTGCTGGTGATTCTCTTG
CCL3 F: ACTGCCTGCTGCTTCTCCTA

R: CGGTTTCTCTTGGTCAGGAA

1.2.9 Western blot &M% I 19 FLS 4 Jifd F1 ¥ i
LU S 19 8 R 50 Y RIPA 2L 0 2L
vk 1 24 AU UTHE 30 min, #£ 4 °C .12 000 r / min 5%
PET B0 20 min, IR EAT BCASEHE . JR 22
SR FUIMASEFLUKIE T, 3547+ b AR R i -2
I Tk B 158 B2 B, YK (sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis, SDS-PAGE) , HI 1 % 15 1%
A% 2 B 3 & (polyvinylidene fluoride
membrane, PVDF) f5 I o 2 {5 35 P J i ACKH Bz 79—
P, 4 CHFF LR P BMP3(1:500) IL-1B (1:
500) \1L-6 (1:500) ,I1L-17A (1:500) , TNF-a (1:
500) Fl B-actin (1:1 000) () — Ak, U H VER 3
UG T BT R BN B PO E 2 he VETR 3 IR
J& , I ECL AR 7 A GG 05 6 406 L B2 FE 52
FIH] Image) A8 11 BT 450 B K FEAE

1.2.10 RRAXF Lpofe Lpriknl & w#aill
R TUREFE AR, SPA OG5 28 12 i i iy ™ i AR
JE o BURBBROCHTE 4% ZHRHREDEE 48 h,
XERIEAT BEAT Micro-CT 148 , 2R Jm A T RU{R L A
Bt o B o H AT BRI A B R AT BR 2w A
SCANCO MEDICAL pCT100 {X#AA T4 47 %
1.3 ZEitF4i®  HdRfii i SPSS 27. 0 FfF i AT
PEAGFNGETT 20T, 45 R LA H + Bt 22 (s ) 3R o

KRR Ty 22 0 Wb b Al m) 22 5 . eah Bl
GraphPad Prism 10. 4 WA X B s AT b, P <
0.05 W ZEFAGI2-E L,

2 #R

2.1 BIKRRAIABER  SD KRGS WM HE IR 1
Ja , FREZEGE BTN ST FCA H#57 ATA K EUR
R, YERE AR MR, 25 0B VE W, il 4 ELISA i
F) 5 46 I 1f ¥ Y 10-6 IL-1p I TNF-o 2 3k 7K °F .
ELISA 258 7R , ATA A7 R BRI 1 1L-6 \TL-18 F1
TNF-o K P2 0E H H R 3T+ (P <0. 01, B 1A) , It
AhHE Y 2 50 7R ATA 41V 5540 290 13 B0 ot 75055 B o
I« Vi 6 J2 Y S 4 UL | R A 0 RLVR U I A B T
(F1B.1C), Bk g5 R IL[E 50Uk T ATA B8 B 1)
.

2.2 AIAKXKRABEALBMPIHRIZER »
T WIHR BMP3 765G R AW it R b iy A28 4k,
SR T ATA K B B 4 20 rh BMP3 B ik 7KF
G AUk 2A 25 S B 7R, BMP3 76 ALA ¥ 4 21
FKIKTI(EIDE) . Rik— 85Uk BMP3 7E FLS
0 Y FR IR E O, A A O L A BMP3
(4:(%) 5 FLS 40 i b 5% Vimentin (£ (5 (3 5 47
T, 45 B R, ATA 4 FLS 40 g 7 BMP3 2¢ 6155
5 I B T R A S (L 1F) |, H Vimentin 78 99 2 40 g
T4z ek HANMOE S 2 SRR | IESE FLS 41
MLy BRI ) . IR AR, ATA #E A h BMP3
(335 T P8 7] BE 2 5 RA 5 5 48 5F (105 BREFE , hy
J& SEHR 5% BMP3 X FLS 41 it Uy B8 1) I8 3 4 H 25
FERl

2.3 AIAXRBRHRERF. . EUEFRFEMEF
RIRIEER TR R U], ATA K BRI A
2 b BMP3 ek FEAG (] 2A) , JE— 4800 T FLS 41
A Hf 28 5E A G T F B9 Gk A8 4k . Western blot Fl1
qRT-PCR &5 R W, 5 IE R AAH L, ATA 41 FLS 2l
FRARE 28 7 (IL-6  IL-1B . IL-17A 1 TNF-o) B4 25 1 K
mRNA 7K 21 75 [ 40 11.-6 mRNA : 1F % 41 1. 00+
0.49, ATA #H 5.78+1.09, F (1, 4) = 48.014, P <
0.01,&12B.2C], [FEF, BRIy 20 R, =
55 G 8 40 M S5 10 a4k R - (CCL2 . CCL3) F &k Bt
51 F (VCAM-1) 1) 2% 35 B 0] & F 9 [ ] 4 CCL2
mRNA : [E% 4 1. 11+0. 59, ATA 4 3. 97+0. 51, F(1,
4)=40.10,P <0.01,F 2C], XLe4E R 4R, BMP3
FE IR T A8 1 S FLS 20 0 A4 28 E PRl T2 0 56
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Fig. 1 Expression of BMP3 in FLS of AIA rats x20
A: Detection of the expression of 1L-6, IL-1p and TNF-a in serum of AIA rats by ELISA; B, C: Representative pictures of HE staining; D, E:

Representative pictures of IHC-BMP3 staining; F: Immunofluorescence detection of Vimentin (red) and BMP3 (green) expression in rat synovial tis-

sue; P <0.01 vs Normal group.
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Fig. 2 Expression of inflammatory factors, chemokines and adhesion factors in FLS of AIA rats

A: Western blot detection of protein expression of BMP3 in FLS of AIA rats; B: Changes in mRNA expression of inflammatory factors, chemokines

and adhesion factors in FLS of AIA rats detected by qRT-PCR; C:

rats; P <0.05, P <0. 01 vs Normal group.

Western blot detection of protein expression of inflammatory factors in FLS of ATA
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W55 (R BEUE R 31X R S5 SRR BMP3 19 D) g AL il
PRAL TSI AR
2.4 Bk BMP3HIRIEXT AIA FLS 40 5 4 iE /2 B2
G N I BMP3 X FLS i i 48 AE 52 1) ] 4%
Y& R, 38 3 BMP3-RNAi /) T 3 #i % FLS 28 g o
BMP3 1Y) % i5 . Western blot fil qRT-PCR # B ,
BMP3-RNAi 5% 4t 41 # BMP3 At &35 7K F- 4 NC-RNAi
Xif HE 20 6 ik B AR (181 3A .3B) . Western blot £ qRT-
PCR 43 Hr 2 B, T2k BMP3 Ji , FLS 41 it Fh 412 46 48
Jfd P - (IL-6 . IL-1B . IL-17A . TNF-0.) A& 1 2 mRNA
FEiR Y FE [ 40 TL-6 mRNA : NC-RNAi 4H 4. 15 +
0.94,BMP3-RNAi4H 7.97 + 0.87,F(1,4)=17.76,
P <0.05, & 3A-3C], [A] i} a4k F 7 CCL2 . CCL3 Al
VCAM-1 () mRNA 7K ~F 3 B &2 3 i [ 6] 40 CC1.2
mRNA: NC-RNAi %41 4.67 + 0.66, BMP3-RNAi %
9.12 + 0.68, F(1,4)= 66.13, P <0.01, 5 4A] .
ELISA 25 5 on , 5 X BATA H L 1-6., TL-1B LA &

AIA
NC-RNAi
BMP3-RNAi

BMP3

Normal  +

IL-6

IL-1p

IL-17A

TNF-a

B-actin

1.2F

0.8

Normal

AIA
NC-RNAI
BMP3-RNAI

BMP3 mRNA expression

L+

L+
I+ o+
+ 1+

TNF-o fEAM IR 37 LW b i & =3 (P <0.01),
WE 4B 7R . X SEZE RN AGIER] BMP3 X AIA FLS
20 f 5 0E S R PEAE I, i 4878 T BMP3 A g
3 2o (7] s 00 ] 22 288 ARORE A JoT 1) 7 A o A R i AR
o X —45 B FE# BMP3 16 RA 95 5 B 42
HE 7Y SIS R

2.5 3 FRiXBMP3 %t ATA FLS 20 A B {2 4 48 A [
FRELEFHIFM 5k BMP3 X FLS 4l 4
i SN ) L2 AR M T BMP3 3 383k Tk
Western blot Fll qRT-PCR 45 % i 755 , 5 NC-PEX 414
Lt , BMP3-PEX 41 FLS 4 Jifd v BMP3 i 355 /&, 4N
K 5A 5B i . BL4h, 5 NC-PEX 414 It , BMP3-
PEX T T fi& & 40 it X 7 (IL-6 . IL-1B . IL-17A #l
TNF-a) i mRNA 7K [ 7] 41 1L.-6 mRNA : NC-PEX 41
7.91 + 0.99, BMP3-PEX £ 3.37 + 0. 64, F(1,4)=
46.68,P <0.01], & 5A .5C i, BRIL=Z A, 1E
ATA FLS i fig i, i %35 BMP3 Ji , #1LIK 7 (CCL2 .
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Fig. 3 The effects of BMP3-RNAi on inflammatory cytokine secretion in FLS of AIA rats

A': Protein expression map of BMP3 and inflammatory factors in AIA FLS after silencing BMP3 detected by Western blot; B, C: mRNA expression
map of BMP3 and inflammatory factors in AIA FLS after silencing BMP3 detected by qRT-PCR; "P <0. 05, “P <0. 01 vs Normal group; *P <0. 05, *P <
0. 01 vs NC-RNAi group.
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CCL3 H1 VCAM-1) f) mRNA 3 35 i 2 &A% [ 41 40
CCL2 mRNA: NC-PEX 4 3.57 = 0.47, BMP3-PEX
20 1.67 £0.19,F(1,4) = 42.664,P <0.01], W&
5D iR o
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Fig. 4 The effects of BMP3-RNAi on inflammatory factors and chemokines in FLS of AIA rat
A: mRNA expression map of BMP3 and chemokines in ATA FLS after silencing BMP3 detected by qRT-PCR; B: Detection of secretion of inflam-
matory factors in ATA FLS after silencing of BMP3 detected by ELISA; “P <0. 01 vs Normal group; *P <0. 05, P <0. 01 s NC-RNAi group.
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Fig. 5 The effects of the overexpression of BMP3 on the expression of inflammatory factors and chemokines in AIA FLS

A': Protein expression of BMP3 and inflammatory factors in FLS after overexpression of BMP3 detected by Western blot; B, C: mRNA expression of

BMP3 and inflammatory factors in FLS after overexpression of BMP3 detected by qRT-PCR; D: mRNA expression of chemokines in FLS after overex-

pression of BMP3 detected by qRT-PCR; “P <0. 05,

P <0. 01 vs Normal group; *P <0. 05, P <0. 01 vs NC-PEX group.
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KRBT N LLAE S BMP3 it 3k . 450 18
7, Ad-BMP3 25 K 5 TP K 7 B2 48 Ad-NC T RE2H
TR W 6A TR o 414U B R Ay B W, Ad-
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Fig. 6 The effects of ir vivo induction of BMP3 overexpression by adenovirus on the severity in AIA rats x20

A: Changes in foot and claw morphology after administration of Ad-BMP3; B: Representative pictures of HE staining showing the effects of Ad-

BMP3 on inflammatory cell infiltration in AIA synovial tissue; C: Representative pictures of IHC-BMP3 staining in synovium after administration of Ad-

BMP3; D: Representative pictures showing bone destruction in the right hind paw of rats, imaged by Micro-CT.
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deacetylase 6 suppresses inflammatory responses and invasiveness

BMP3 inhibits the inflammatory response in rat adjuvant-induced arthritis
Sun Dantong]‘z, Li Xiaofengz, Li Jun?, Song Biao'?
(" Department of Pharmacy, The First Affiliated Hospital of Anhui Medical University , Hefei 230022;

> School of Pharmacy , Inflammation and Immune Mediated Disease Laboratory

of Anhui Province, Anhui Medical University, Hefei 230032)

Abstract Objective To investigate the effect of bone morphogenetic protein 3 (BMP3) on the expression of in-
flammatory factors and joint damage in adjuvant arthritis (AA) induced by Freund’s complete adjuvant (FCA) in
rats. Methods The AIA model was established in SD rats by intradermal injection of FCA into the toes of the left
hind limb, and BMP3 overexpressing adenovirus (Ad-BMP3) or control adenovirus (Ad-NC) was injected in situ
into the knee joint cavity on day 8 after modeling. Subsequently, HE staining was used to observe the histopatho-
logical changes in the synovium, immunohistochemistiry was used to detect the expression of BMP3 in the
synovium, and ELISA was used to analyze the expression levels of 1L.-6, IL-1f and TNF-a in the serum. Primary
fibroblast-like synoviocytes (FLS) were isolated from AIA rats, the expression of BMP3 in FLS was knocked down
or overexpressed, and Western blot and qRT-PCR were used to detect the expression levels of BMP3 and inflamma-
tory factors in FLS. Results HE staining confirmed the successful establishment of the ATA model. Compared
with normal rats, AIA rats showed decreased BMP3 expression in synovial tissue. Knockdown of BMP3 promoted
the protein expression of inflammatory factors (IL-6, IL-1B, 1L-17A, TNF-a) and the mRNA expression of chemo-
kines [ C-C motif chemokine ligand 2 (CCL2), C-C motif chemokine ligand 3 (CCL3), Vascular Cell Adhesion
Molecule-1 (VCAM-1) | in FLS. In contrast, overexpression of BMP3 suppressed the expression of these inflamma-
tory factors and chemokines. Intra-articular injection of BMP3-overexpressing adenovirus in ATA rats upregulated
BMP3 expression in synovial tissue and inhibited synovial inflammation and bone erosion. Conclusion BMP3 sup-
presses the production of inflammatory factors and chemokines in FLS, thereby alleviating synovial hyperplasia and
bone erosion in arthritis.

Key words BMP3; adjuvant-induced arthritis; fibroblast-like synoviocytes; inflammatory factors; AIA; adeno-
virus
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