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ERKS signaling pathway mediates the effects of fluid shear stress on the expression of MMPs and
TIMPs in MC3T3-E1 osteoblasts
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Abstract: Objective To observe the expression matrix metalloproteinases ( MMPs) and tissue inhibitors of metalloproteinases
(TIMPs) in MC3T3-El osteoblastic cells induced by fluid shear stress, as well as to study the effect of ERKS5 signaling pathway in
it. Methods MC3T3-El cells were treated with FSS or XMD8-92 alone, or in combination, and were subjected to fluid shear
stress (12 dyn /cm®) for 0, 15, 30, 45, 60 minutes. The protein levels of extracellular signal-regulated kinase 5 ( ERK5),
phospho-ERKS5 (P-ERKS), MMPS and TIMPs were detected by Western blotting. Results For MC3T3-El cells cultured in
vitro, loading of 12 dyn /cm’® fluid shear stress for 45 minutes could up regulate the expression of MMPs, down regulate the
expression of TIMPs, but the effect was blocked by XMD8-92 (a highly selective inhibitor of ERKS activity). Conclusion
ERKS signaling pathway plays essential roles in the expression of MMPs and TIMPs induced by fluid shear stress in the MC3T3-El
osteoblastic cells.
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1.1 FPR

SCHAAAE  MC3T3-E1 2 ( b B4R B ) o
350 B 2F M7 ( PAN-Biotech , 75 ) ; a-MEM 1% 5%
F:(Hyclone 25 A, ) ; BE R £h 2% vh W PBS (42
SMr, D B (Sigma AR, KH)  HER-
B R (S DUE -5 d ) s RIPA 58 77 4 i 24
il (B = RAEMBEARAGRA A, ) ; PMSF
(Genview, 3 [H) ; il B-actin — T ( Sigma, F[H) ; #
MMP-1-#i ( Abcam, %% [# ) ; % MMP-3-$1 ( Abcam , 9%
) ; & MMP-13-3C ( Abcam, 3 [/ ) ; fl TIMP-1-3t
( Abcam, B¢ [ ) ; ¢ TIMP-2-3 ( Abcam, T [H ) ; 4
TIMP-3-4 ( Abcam, % [8) 5 1L H0 5 —H0 (A2 &
B D RN S (PR e P ED . SR
0 AR IR AR (L ) R A AR A R A |, o
) ; 3 B H UKL ( Bio-Rad , 3¢ [#) , L% {Y ( Bio-Rad

EH) ,
1.2 ik
1.2.1 4UEEs3E 5/ MC3T3-E1 4 i mh 3] 6

FIGEFRT , o-MEM 53R 5P U0 10% a4 17
100 U/mL 5 -85 8 R il 8 &R 25, 7R R %
37 °C .CO,MAIE 5% M5 3556 Th o & 400, 15 0% 2
d~3d W 1R, R4S 2 80% ~90% B, H
0. 25% [T I 1k , 52 Fh 2 20 I 85 5% i b 4k s A2 AR
g%,

1.2.2 GRS (FSS) : in# FSS I fdf I i
ERATLE E BRI F L2 W FSS R %
(S2HH 378 & F) 5. Z1201520637211.6) , % R 4 &
B ARSI RS 6 NE M II/NE BB
RERC A 18 M5 3028 AR R P IR 22 46 ) AF

T AHUEE T LS FR P A R A, B A Kk
80% ~90% I LA |- Rl %) Wi B 4 B, 45 40 A 1% 57 0
H ) S A R E F S, S e T s A B
P IRAT g () 210 BBV (VR 2292k 4 000 >/ mL) £z
F20 mm x50 mm RSB A L, #E 2 1 h 7R
i 5E AR BE 5 AN A RS SR IL AR S b 5% L TR R A &
80% ~90% J , U E EHE 7 BB AN 1/ N 415
SRR/ IR % B AT AR B 2R b
I AERAE A 200 mL T (37 C) B o-MEM #
iR FRIL LR Eh 58 S 30 01, AERT RO 50 B, gk
/NH 12 dyn/em® /) FSS, 43 5I4EF 0,15 ,30,45 .60
min, 75 J5 22555 T N 4% FSS 45 min,
1.2.3 HEH R PEEEN L 5L 5 ( Western blotting) ; 1
R 55 1 A L R 35 2, TS (4 °C) /Y PBS %%
FEMPRAN A 3 Uk, AR5 W b SRR B B R
PBS W 1K, # % i A RIPA #l PMSF &R & W&
(100: 1) 2f4nfe, B T oK B 221845 5% 30 min J5, H
YA TR R AR SE T 1.5 mL B9 EP S
SRIG ,7E 4 °C 12 000 r/min 514 F &0 15 min, HF
WSS B FIE W T EP &b InA BV 1/3
PRFUE B (A RS IR, S AR /K 6 3 min
~5 min, ZRJGHE] - 80 CUKFH R ., LA B-actin /F
KNS Bl R VR IR EERS ( SDS-PAGE BERZ ) , 9K
Ja it BRE RIK B B W E P R O E
B URRE MRS RIS I S
1.3 Stk

JIFA W SR BRI R =R, SR A%
+ RIEE (v £ 5) o, R SPSS 20. 0 R FiE1748
T12#50#r, F Tmage pro-Plus 6. 0 A4 4 25747 JK &
H, PR B BRI 2R 5 225007, P < 0. 05 &
NEGIEE L,

2 &R

2.1 HNZCAIEETE] FSS X MMP-1 #1 TIMP-1 & [
FIRMF

BATEE L AT 5T 28 B, 12 dyn/em® FSS
ST B E A B 3 R R, O T SR Y FSS
TN (|, X MC3T3-E1 40 Hdfin2k 12 dyn/cm® FSS
- VERT 0,15 .30 .45 .60 min, & JH Western blotting
J7 A MMP-1 F1 TIMP-1 K 4 R k500, LL B-
actin YE NN Z, WK 1 ~ A 3 fF s, MMP-1 Al
TIMP-1 5 1 128 52 U R . MMP-1 A 15
min JFURIZEHTIG N, 22 5 A it 8 L (P <0.01),
1E 45 min IKFE % 60 min © & TFIE T W, HAR
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Fig.1 Effect of fluid shear stress on the expression
of MMP-1 and TIMP-1 in osteoblasts
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Fig. 2
expression of MMP-1 in osteoblasts
Note: * P <0.05; ™ P <0.01
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Fig.3 Effect of fluid shear stress on the expression
of TIMP-1 in osteoblasts
Note: * P <0.05; ™ P<0.01
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HIFL; aniE 4 B, o TR FSS XF MC3T3-E1 4]
LN ERKS 1AL, inzk 12 dyn/em® B FSS 1
F 45 min, 7] DLBH 42 9F MC3T3-E1 40 il 9 ERKS
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Fig.4 Effect of XMD8-92 and FSS on the expression of P-ERKS
Note: * P <0.05; ™ P<0.01
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1 h,Western blotting 453 & ¥l XMD8-92 A{LAE T 1
1EH MC3T3-E1 4 i) MMP-1 MMP-3 [ 3£k (P
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Fig.5 Effect of XMD8-92 and FSS on the Expression of MMPs
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Fig. 7  Effect of XMD8-92 and FSS on the
Expression of MMP-3
Note: * P <0.05; ** P <0. 001
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Fig. 10  Effect of XMD8-92 and FSS on the
Expression of TIMP-1
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Fig. 11  Effect of XMD8-92 and FSS on the
Expression of TIMP-2
Note: * P <0.05; ** P <0. 001
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Fig.12 Effect of XMD8-92 and FSS on the Expression of
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VAL XU N FSS 45 min 2 0 A S0 R,
FSS Al LI #E MC3T3-E1 40l b MMPs Y 35, [
fif B BE R T AR S A 1 B W B PSS
ARG AE R, MMPs 23k i, AT DU Hopk s
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