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ME: BH B FEEAERH RT3 KR R (theumatoid arthritis, RA) #1857 & (osteoarthritis , OA ) BLEF 4EH:
4 Bt (fibroblast-like synoviocytes, FLS) B IEA K4 H-2 (bone morphogenetic protein-2 ,BMP-2 ) ik B2 , 5
WA RSEAR RIS RPN EHRNEA, FiE AEIEEKERMRESG T Flex cell 4000 JF##: 5
ZINERG, 577X EH RALOA SRR ABESRTT FLS i fNiESE 2 h A1 6 h ¥ 6% 0.5 Hz MR 7, H A &
BMP-2 mRNA £k ZE T, &R 2 h WYLHHRT 3 # FLS 1 BMP-2 mRNA F/K TR EMHF M ,6 h fI
WAL RERS & FHE RA FLS 1 BMP-2 mRNA /K-, RAERF (IL-18) EMI 2 h XHEH FLS JTREZ W, /EM6 h
ffE I BMP-2 mRNA F)/KF R ETHH; IL-1B /EF 2 h 16 h ¥4 RA FLS # BMP-2 mRNA F/KFEETHE,HR
EVYER 2 h A OA FLS &5 BMP-2 mRNA 7K F B EFA 5, /EH 6 h % OA FLS &8 BMP-2 mRNA /KL B EH
M 5 SAE BB 71 7 2 RIS 3E FIYE A 2 b R IE % F1 RA FLS +h BMP-2 mRNA /KB 2E T, /6 6 h fFIE% .RAOA
FLS 41 BMP-2 mRNA /K P BEFAF, 48 1EH RA,OA FLS 1 BMP-2 mRNA Xif F J7 24 I BUFN S AE B 14 e i
AL SR BRRTE RA R OA RIRALHI o, RAE H F RIS W0 v] §e L 1 2RISR R ; 2= HsoR 1L-18 SkEEA 6 h )i
X} OA FLS 1 BMP-2 mRNA =4 i [E 300 , 3R I & B G1E X OA /B R B EA —EE .
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Effects of cyclic mechanical stretch on BMP-2 expression in RA
and OA fibroblast-like synoviocytes

ZHOU Wei*®, LU Yong-gang®°*, Gurinder K Singh®, YAN Yan®®, LIU Wan-gian®®,
YANG Ning-ning®®, ZHANG Fei-fei*®, YANG Li*° (a. Key Laboratory of Biorheological Science
and Technology, Ministry of Education; b. “111” Project Laboratory of Biomechanics and Tissue Repair, Bio-

engineering College, Chongqing University, Chongqing 400044, China)

Abstract; Objective To explore the role of mechanical stimulation in synovium under different pathological condi-
tions through studying the effects of cyclic mechanical stretch on the expression of bone morphogenetic protein-2
(BMP-2) in rheumatoid arthritis ( RA) and osteoarthritis (OA) fibroblast-like synoviocytes (FLS). Method 6%
and 0.5 Hz stretch generated by Flex cell 4000 tension systems was applied on normal, RA and OA FLS of hu-
man knee joint source under normal and inflammatory conditions for 2 h or 6 h, respectively. Results Cyclic
mechanical stretch of 6% , 0.5 Hz had no significant effects on the expression of BMP-2 in normal, RA and OA
FLS at 2 h, while in RA FLS it increased significantly at 6 h. Inflammatory cytokines (IL-1p) didn’ t influence nor-
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mal FLS at 2 h, but made BMP-2 mRNA significantly increased at 6 h. IL-1p increased BMP-2 mRNA of RA FLS
significantly both at2 h and 6 h. IL-1B increased BMP-2 mRNA of OA FLS significantly only at2 h, but had no sig-
nificant effect at 6 h. The co-effect of IL-1p and cyclic mechanical stretch induced the ascension of BMP-2 expres-
sion significantly in normal and RA FLS at 2 h, and in normal, RA and OA FLS at 6 h. Conclusions Response
of BMP-2 mRNA to mechanic stimulation and IL-1B in normal, RA and OA FLS were different. Inflammation may
play a more important role than mechanical stimulation in the pathogenesis of RA and OA. Synergetic effect in in-
flammation and mechanical stimulation were found in OA FLS at 6 h, which reveals that they may co-act in the

occurrence and development of OA.

Key words; Cyclic stretch; Mechanical stimulation; Tensile stress; Rheumatoid arthritis (RA); Osteoarthritis
(OA) ; Fibroblast-like synoviocytes ( FLS); Bone morphogenetic protein-2 (BMP-2) ; Inflammatory cytokines;

Pathology

K RIB LT 4 (theumatoid arthritis, RA) 56
KR (osteoarthritis, OA) B2 R TIHER
iE o HRAE PR 0 ) O A1 T IR AR I , R
HREHMAEERER, —W,B I AE
Mo E AR (IL-1) R SR SE ] -0 ( TNF-a) 45
RAEEHE T, 2T SRR (PGE2) | 40 T [ 2 {27
(ICAM-1) F: 5 4 /R 2 H 5§ (MMPs ) 2544 Jfd Xl - B¢
T, 5 R RRE JR | 7 0 7K B B ok 2 4 A A s
MR . 55— J7 T, A B E T B R AR e
FEEIE A=, 2 MRV AL IS BT INE R AE. 5 IEW A
o, RA OA FR 3 B 1 TR 2F 4 4% 38 JI 40 Y ( fibro-
blast like synoviacytes, FLS) 3 %8 3 R I B w5, &
FRIEN T R K H IR 2R K, 10 TNF-a.,
Interleukin ,MMPs ICAM-1 %20 ¥ et o 40 35
FEIA R ) R, S KT E RO R K
ERXIEHE T (rheumatoid factors, RFs) , X6 T-7F
FEAF UL BEAS I B B3 855 AR SR, FLS #A
RGO MALEMR Z B4 . 1
S AENNEFERZ AR Z —, RTEN 1%
PSR 2005 A0 B R S 5E AL FNFE T, A
NZBARIEX MHLR BTN I1ER, 14 ES
BAHEMEES BRI T i R RE R E
BEENY,

B A & 4 % B (bone morphogenetic proteins,
BMPs) j&J8 T k4= K A F B (transforming growth
factor-B, TGF-B) KR —K LI BEMEE 1. BMPs
EME—BEEE R AR E WARRE T R ERT £
ol 44 B A A G oAk R T T o AR bk O B AR
BMP-2 & BMP ZKIKMEBEEN L Z—, ZE1F L4
RS R B . T4k B 5E R B,

BMP-27E RA R I3 BA P AR G T BB A R
RERIK, TS T R 7= 53 A B
R, BRI, (AR IR ATEAE F1 24RO RA
OA RREFHEFETE IEAR I BMP-2 IR IR . 453
FEIE AR RAE N 12 AF T H A Flex cell 4000 J&
HIE 22 INE R GE 7 B IEH (RA L OA SRR B R
T FLS #4572 h A1 6 h B EEffifil 6% 0.5 Hz i L
71, A€ BMP-2 mRNA sk i) 22 5k, i 4B
I RFEAEA R B AR F I R R B

1 ##57F%

1.1 ZHpasyBEfiEss
BRALORE T ERER K FRSE — BRI
FECTTRRRE F ARG AR & 45 ~73 2 1) RA I
OA B3 , &M RE R T ARIRBUR LW IRAH L,
RA K OA & WIERT & 3% E XIRw th 2 1987 44
TTHIZE RIS T R I8 Wrdnfi ' 1 1986 4R 2
WEB T RARUE o I FF 52 56 2 A 4 3 F AR
FEPAE AL I EAL T AEE 24 h
ZWWABER TS, TELHEFT AFAHHRE
JERAE B8 4 1ML 78\ R 7 AN LA AR ZH 1, LA PBS Wk T
o KU IR IRBT O AR 1 mm x2 mm x
2 mm 2 FAL/NR, B A 15 mL B.LE HLEL PBS
VEWRBUR, IIAE 10% R 4= Il 35 (fetal bovine serum,
FBS) .0.1 mmol/L JF N FH IR 4 mmol/L L-B 4,
Bi£.100 U/mL 5% .100 U/mL % & & 9y DMEM
BFR W, W A A B AR BE 5 mm 22 A
25 em’ BEFEM BB T 37 °C,5% CO, MIIAE P,
B 37 12 h, RrdHAUHUGRE J5 , W IHVROT [l Eo i A
3 mLSE IR, KA R RRE, TR A h gk s:
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B, 83 d EHE R FHRMNAR S KT
FRWGEFEFRICERG , A A ST B HoAh 3 T
o RIR AR SE A K, 2 R AR IR 1 40 K
R I (25 90% Rili& ) , LA B IH 1L #4712 1R 35
Fo SR RA FLS RIRHET] A TEW K
OA FLS, B3 ~6 KRR AEH TR, £
KA AT A DSMO R A7, B TRA .

1.2 FHEHZEmME

Ik B R AR E Flexer cell 24 H) 477 1) FX-
4000 ML HLH R G LABIHL FLS 1) ) 32 3R 55
P RGE N AL Flex 435 8 FX4000 hrffiEk
PR MR B, NG R L B 3hEH . R
G R EL2S 57 AR I B R R R S SR
R AR TERE IR IR E A H 2 B ik R,
TE 24 R e BE 8 2 5 A e B A R R AT E N
W FEIRE A . ASLTESARN S pe/L 1 IL-18
BIRTEN P RIESNTE, LA EES & BB H T
ML RA F1 OA BE B EAL A Z IR LG %
Wi, AsSEER e 6% (K 8 BE 0. 5 Haz [y {4
FPATINE, 5 AR T BB AL ) 23
EARW) . MBEAE 37 C 5% CO, ¥4 3 ¢
FENFTT o

KR T 25 em® BRI P IR 0. 25% fi
BEFE L, DL 3 x 10° 4~/mL )% B #:# T FX-
4000 RS FLARHERE b, BT I FRAE A EE SR 48 ~
72 ho FrA BN BE AR K % 80% & 5 , e B FBS &
R ECH 2% [¥) DMEM 55 3R MRAkZE RS 5% 12 h, ffi &
AR IE BRI . InERA R A FBS (R F43 4K
9 1% (¥) DMEM ¥ 52 ¥R, #4144 6% 0.5 Hz,
SrHIE2 hF1 6 h WA & FLAR A W4 RNA, DLk
SEIG I DA N ER A VR X BE, XoF BR 20 55 S 3 201 9 400
REL BN B g SR 4 5e AR
1.3 semi-quantitative PCR SZI§

R ARSI A1 T (40 M RNA, #2 B &
SIIEICEETHINSE 48— & & (200 ng) , {# i Takara
1) AMV 56 R RGEAE 42 CF 5 60 min, %%
SREHRE W& cDNA A5 JF LAAHRL Y cDNA
#iEFT GAPDH #1 BMP-2 ) PCR § 3%, GAPDH Fi
BMP-2 B X 47 SR 000 o ( LR TS AL
GAPDH FiFES| Y AAATTCCATGGCACCGTCA-
AGGCT;

TF¥514  CTCATGGTTCACACCCATGACG-AA;
BMP2 B34 CGCTGTCTTCTAGCGTTGC,
U514 TCGTCAGAGGGCTGGGATG,

FITF PCR LB KSR ET MR B304 1 mmol/L,
PCR 1 38 9" 3 2% {4 53 5 g : BMP-2 94 C .30 s,
58 °C.30 5,72 °C.30 s,32 §¥F; GAPDH 94 C .,
30 5,55 °C .30 5,72 °C..30 5,28 &3, JEHLEH/G
FE72 CHM T 4kLEY 48 10 min, PCR =Y BT
4 CHRAT, IF ABTRR R SERS AR kAT I E o
1.4 HiESH

KHAERLL % +5 U8, KA SPSS 13.0 it
BTk LA BN 3 J5 22 A e , 4 0 45 2 =2 TR
BAFFEZES P <0.05 FEAGEIH 2R,

2 #R
2.1 BMP-2 mRNA 7ZEIFE .RA.OA FLS EHRER
KSR AE 1 PR
BMP-2
GAPDH
Normal RA OA
(a)
3.0F .
2.5F
= 2.0F
i=]
=]
S 15t
& 10l
0
Normal (n=3) RA (n=3) OA (n=3)

(b)
B 1 BMP2 #ZIEE .RAOA FIS RRIZMERYE (a) Lhrr K
Bl h, (b) MKk OD fH, * P <0.05 HIEFH
Fig.1 Different expression of BMP-2 in normal, RA and OA FLS
(a) Electrophoresis results, (b) Electrophoresis band opacity
density (OD), * P<0.05 compared with normal group

HIE®HAAHE, RA FLS §1f) BMP-2 mRNA 7K
FELBEMEZERE(P >0.05);0A FLS 1y BMP-2
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mRNA [k 275 TIEH 4R RA 41(P <0.05),
ZIIEH AR 2.3 15,
2.2 FHEAFmMmEFT FLS i BMP-2 mRNA #j
A

INERSEY WoR , FE A e A R, IE
#  OA RA FLS B3 %k A A B 4%, 40 A2 45 38
FAR R SGE I B34 %, B R3S RN TT 1
e, AMHS AT — 8. X — BB EEE Iz &)

Normal

BMP-2

GAPDH f

BMP-2

GAPDH

BMP-2

GAPDH

2.3 REEREFRRKESE G TR B /3 mEk >t
FLS fi BMP-2 mRNA {9220

&l 3 FLIKEE IR B AAE B R S T 2 i 2
FyFLRIVE XY IE# \RA Fl OA FLS Jir =4k By i A
Ao 5 we/L B IL-1B fEFI 2 h F1 6 h J5REH B2 3
fin RA FLS # BMP-2 mRNA #)7KF; ¥EF] 6 h B g
i 21 N IE % FLS 5 BMP-2 mRNA f{7KF-; /EF
2 h B EERE B2 i1 OA FLS # BMP-2 mRNA 7k
SE- {BAVEFS 6 h X} OA FLS # BMP-2 mRNA [#]7K -
TREZW(WE 3(b)) . ERIEHRTEH,0.5 Hz,
6% W) J1E R VEAE A 2 h B3 fNIER (RA FLS
BMP-2 mRNA /K, i %} OA FLS # BMP-2 mRNA
KT BEZREH 6 h BEHINIEFR .OARA
FLS 1t BMP-2 mRNA JKF-(ILIE 3 (¢)) o XK,

S T AN B ., BB FLS 32 ) J5 &5 & A 38 I
B HES) 5% 177 [

PCR 3 B AR HU{ESEH 22 TR, SR EL
HAHEL, Wy 0.5 Hz Jrfi i B 6% B R )
FOMEBAER 2 h X4 FLS 33k BMP-2 mRNA %76
BENER N, 0.5 Hz 6% KR HIME %R 6 h i
RA FLS H¥) BMP-2 mRNA FJ} T2 2.8 £i%, Xt IE
# OA FLS BMP-2 mRNA JGB & ( JWE 2) ,

[ == Control (Sy)

e S,
4 | m. S

Ratio control

1

OA (n=3)

Normal (n=3) RA (n=3)

(b)
B2 FEEiEAZmEFTEE RA 1 0A FLS Fik BMP-2 fJ5 M
(a) SzbredkE A, (b) BTk OD {H (X4 JREL S, , LB 4 3%
SR 2 mEBAE 2 b (S,), P12 MBAEH6 h (Sg), =P
<0.05 Fx§ M4 HEK)
Fig.2 Cyclic mechanical stimulation on the expression of BMP-2
in nomal, RA and OA FLS (a) Electrophoresis results,
(b) Electrophoresis band opacity density (OD) ( Controlled FLS
(8,), cyclic mechanical stretching for2 h (S,) and 6 h (S;),
# P <0.05 compared with control group )

IL-18 %F RA FLS {3 a5 4 B B 5 78 B B[R]
(6 h) NE/R X IEH FLS B2 ;48 A ] (2 h) IL-
18 MfEFI X} OA FLS BMP-2 mRNA [ 25 5%y i
ZVKEE (6 h) B/EFNIXT OA FLS TG &g & 5%
W, FEIEF F RA FLS 1,2 h.6 h i & HiH: J7 2=l
B IL-18 3L FE/ERIXTF BMP-2 mRNA ¥ B &
HE g, OA FLS VIt [FI4EFH 6 h %}T BMP-2 mR-
NA & B B e HEER

3 itig

BMPs j2—RZ BB 4T A 7, AT Wi 22
HAVAMD R TE R oL R T i A
BN BRI S AR R Iz —, BMP2 —
S A7 7E TRAFOAM IRA A M+t IR, 2 TB
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pvp-2 R N

GAPDH

1Sy I, 1S, Ig IS¢

(a)

7

[ == Control (IS,)
clEaL  x
-
*
5 L
S
E=
54
.é 3L *
~
2 L
*
1 L
0
Normal (n=3) RA (n=3) OA (n=3)
(b)
3 [ == Control (IS,)
IS, *
4 | m [Sg
€ 3 T
g 3r
g i *
.2
s 2r *
|
1k %
0
Normal (n=3) RA (n=3) OA (n=3)

(¢)

B3 L1 & IL-1p 5AZMM#FERT BMP2 MESEE  (a) SLFRAEIKE R, (b) k44 IL-18 % BMP2 mRNA $1i OD ff, (¢)
MUK 464 ¢ IL-1@ FIHLAREHL 367 /R %S BMP-2 mRNA $0 OD {4 (XHER4L 1S, , SEH414 9% IL-18 fEI2 h (1), IL-1B /M6 h (L), 3% S +
IL-1B fER 2 h (1S,), S+IL-1B /EFI6 h (1S4) , * P <0.05 5% Had [b4%)

Fig.3 Influence of IL-1B on the expression of BMP-2 in FLS and influence of cyclic mechanical stimulation on the expression of BMP-2 in
FLS under the conditions of IL-1p (a) Electrophoresis result, (b) Electrophoresis band opacity density (OD) of BMP-2 mRNA under IL-
1B, (c) Electrophoresis band opacity density (OD) of BMP-2 mRNA under co-effection of IL-1p and mechanical stretch ( Controlled FLS
(18y), IL-1p for2 h (1), IL-1B for6 h (lg), S+IL-1g for2 h (IS,), S+IL-1B for 6 h (I1S;), * P<0.05 compared with control group)

BIPNRET ERE T R A . 45 R K], BMP-2 mRNA
TEIEH (RA il OA FLS PRI RA B E M2
5, /8 BMP-2 f& OA 835 B il pd B itk Jl A i 2 o
B E BT R R DR B AR P RS
B EAEA, HALH AT RE D : OA FLS 73344 BMP-2, [A]H
HE WA B AL 0B ) IL-18 bFGF 2541
JEL PR T BT B A B R 29 BMP-2 5 T
JET AT B2 v S B I, R R R R BMP-2
55 bFGF SN 1~ B[R A A, e 2 J T 4 40 i v
ML, R BUR B A, RECERIE . 1A
ME— 9 5050 B F A 5, BMP-2 7E OA FLS H iR &
IULEA OA FLS A5 5 B li] AU 40 M - 1L B 3
AT DUE SR BMP-2 728 B8 B id A2 H R 2

MEEER, S BE B RNERILEIR Y . RA
FLS 1 BMP-2 f)3RiE K AR F OA, IR P H Kk
ML B2 R, B s BMP-2 78 S F0 iR 3
HREFRW, Uit Rk K FE . BMP-2 £ 98% [ HE /)
248 L i P S TR 2R3, T AE Bl R e R B OE E
AL L BMP-2 fERIFIRE K B
S BB e Sk B AR 1 s T
B85 BMP-2 4f ffi 3 7 MR T2 M sh B F A C . 78
RA FLS #1,BMP-2 —J7 TR 34 58 , 55 — 75 Th 42 3k
BMP-2 [HM:40 s AR P PR - SR BMP-2 X F
FCET 24 20 i P 3 B AR TR ) & VR R I AN
.

WIRARE R L BT RATHEDIRE ) fE H #R
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PEREE 727, T 9 R4 1 A6 2 P R R 5 T
FEZ N TR, BETAFFE M D I 2= 8% AL Al
YA E SRR ERN, B E KRR KRB
TIE R ASAL T M %3R85, Tanno %517 BBFST FKHA,
IR RR N W S A A JS B AT 4R AN
BMP-2 mRNA ik, A< FH Flex cell 4000 41 AT
NEABINER ARG , WAL T ¥ FEE 440 7 J) 38R 4 7 2 1
TIEA I BMP-2 BRI, WK R
T A= B F3 24300, LA % 7 24 R R AR W HE R VR T
FIVETERT BB, S55RFRHH,2 h W J) =BT FLS o
BMP-2 ZEH M RETCH W22 F,6 h [ J7 2 Rl vt
RA FLS " BMP-2 FLH M RIA A B & MR #EE .
i RERENFHEENEM T, 5E®.0A
FLS #H L, RA FLS 75 55 K B [a] BB 40 o 43 4k B 9
BE o

AWM BTFIE A, 75 2 Fh 40 M b R 5E B X5
BMP-2 ik A RIEVER, 0 IL-1 1 TNF-o Y566
HRIEH & OA SRE 41l N BMP-2 () mRNA J
AR, RAOA BE MBI P ALK
KE W %5 B F (TNF-a. IL-1, IL-6 %), Lories
U HFTIESC BMP-2 76 95 B 40 L BE o 2 48 2 0
RIEFFHINZVEH, FTREXT RA IR E A ER
W, HF— bR R KW, £ RA F1 OA FLS
o, SRR R E B F R RALROR R, 1
SHMERERIERFMEESGEDS 2 ZFEEEE
KAE S BRI, TS [R] B 5 i) 52 e 48
Mg MEA W, SR R BMER WIER. 4
CHr SR E A (2 h) IL-18 B4R IR OA FLS BMP-2
mRNA AR B3, BAKETE] (6 h) iFE R X,
OA FLS LW E M, B/~ OA FLS X} TR 4EH 736
BRRTE B BB T 5 SEAE 454 1 0 52 000k g 2[Rl 4R X
1IE# \RA OA FLS %35 BMP-2 [ A [RIFEEE R 1
FRRTEIE R KON R BRI AT , RAE Rz sl Xt
TIBHERE BMP-2 A —8; RAEH 7 722 H 8%
A BEMIEA 6 h XF OA FLS Jo B & , (HALFEfE
A6 h j5 % OA FLS & BMP-2 mRNA = 4= {3 [6] %L
N, AP E L FEVE AR OA RIE EE KB E —
R RAE KM T FLS X F J1 %455 WA R bL
VAN FT BEXT RA 5 OA Y &SRl $ it — & 4R
E 4 RAOA BE BT EA TR

R RRERRRE-NZERAS 5 ZHEK

MR, BMP2 K HAE 54 TR 1E RA,0A
KM B R J R 5 0 B9 R B TR B IR 4R AR
o ASLEEERYID WK £ RA F1 OA Rkt
SR BT B2 R AT BE B 7 25 RO R AR T
BMP-2 7£ 565 R R 18 #2 P AR AR R . A
EREE TR M — 2B TR A, BMP-2 7] S 565 4 ) 2k
KB A AEa T R — 3 1 R B
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