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Proliferation of MC3T3-E1 cells promoted by fluid shear stress via ER-a-ERKS signaling
pathway
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Abstract: Objective To study on the effect of estrogen receptor-alpha (ER-a) on the activation of extracellular signal-regulated
kinase 5 (ERKS) and the specific molecular mechanism of ER-a-ERKS signaling pathway in the proliferation of osteoblasts
promoted by fluid shear stress (FSS). Methods MC3T3-El cells were treated with specific ER-o antagonist MPP (methyl-
piperidino-pyrazole, 1 pmol/L), highly selective ERKS inhibitor XMD8-92 (5 pmol/L), and or loading FSS of 12 dyn/cm’. The
proliferation activity of osteoblasts was detected by MTT assay, and the protein expression levels of ER-a, ERKS, phospho-
ERKS (P-ERKS), Cyclin D1 and cyclin-dependent kinase 4 (CDK4) were detected by Western blotting. Results Physiological
FSS (12 dyn/cm’) exposure for 60 min promoted the proliferation of MC3T3- E1 cells significantly and increased the
expression of Cyclin D1 and CDK4. Meanwhile, the expression of ER-a and P- ERKS increased significantly. After being
treated with ER-a antagonist MPP, the expression of P-ERKS5 decreased significantly, so were the expression of Cyclin D1 and
CDK4. After inhibiting the ERKS activity by incubating with XMDS8-92, the expression levels of Cyclin D1 and CDK4 in
osteoblasts promoted by FSS were significantly decreased. Conclusion FSS up-regulates the expression levels of Cyclin D1
and CDK4 via ER-a-ERKS signaling pathway, resulting in the proliferation of MC3T3-E1 cells.
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S A : MC3T3-E1 4 A (AL 5 B A2 A o
D . 3R« R 1 (Sigma A 7, 36 ) 5 a-MEM
K73k (Hyclone 28 A, 2 H) s B4 1L 3E (102,
) ; 5 2 -HE s 2 oW (RO, ) fhiedh
ZZ oh il PBS ("R A2 4 M, HE ) s MPP (Sigma, 2 [H ) ;
XMD8-92 (TOCRIS, 3 [ ) ; — H & 7 8K (DMSO)
(Sigma, J¢[F ) ; MTT (Sigma, 3¢ [F ) ; RIPA 5% 7 21 it
S R RAEYHEARARA ), E) ; B B-actin
—Pi (Sigma, [ ) ; % ER-a—Pi (Sigma, K[ ) ; f
ERKS —#i (Bioworld, 3¢ [ ) ; %4 p-ERK —# (Cell
Signaling Technology, 3 [# ) ; f& Cyclin D1 —$1T (Ab-
cam, 32 [H ) ; %t CDK4 —4T (Abcam, L [H ) ; IIFEPT R
Zhi(PESN B ED RN TSP AZ SN, T
B o S90S : ARG 5740 (i T W B2 AR
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MC3T3-E1 I 7 4k , I DL 1< 10° /1> 4 it 2% 2 42
F 20 mmx>50 mm R w3 A L BPE 20 1 h 4
SEAS N RE IS N EE FR LAk S 1 55 . TR AN MRl % 80%
~90%)5 , HUE w3 BB P I /NS b U R
TR /INE I L 1 B AR A R B0 28 b A
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FSS IR}, 433 410,515 .30 .45 .60 min, 7£
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ZH ,MPP+FSS 21 ; F 41 , XMD8-92+FSS 41 .,
1.2.3 MTT &M AIEEER TS T Bt
Jiti X5 BB MC3T3-E1 40 i 3 58 6E 1 19 52 0, & H
MTT 4 B MC3T3-E1 40 il (3 st hE /7 . Fie
BB SN E AL, e M4 FL 200 pL (2x 10° 41 it 25 B ) 332
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96 h) A 20 uL MTT % ¥ (5 mg/mL) ¥ & 4 h, W 5%
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F1 ABMDARERE S ODELE (x+s)
Tab.1 Comparison of OD value of group A and D at different time (Mean+SD)

Group 0h 24h 48 h 72h 96 h
A 0.494+0.057 0.634+0.059 0.834+0.042 1.142+0.056 1.654+0.042
D 0.495+0.062 0.855+0.045*** 1.260 0+0.046 7***  1.669+0.058*** 2.055+0.068***

Group A: Blank control; Group D: Fluid shear stress (FSS) group; OD: Optical density; ***P<0.001 vs group A.

2.2 MC3T3-El 48 A i) & MPP = XMDS8- 92 X
MC3T3-E1 A8 {E & 4 A0 220

A R ES FHXTIELE , B 2H X5 MC3T3-E1 4 i
575 MPP, C 4005 XMDS8-92, [0 hiif A B .C4
OD{H 2 34 P>0.05) ,24.36.72.96 hi F 2] OD {1
AH G, B ZH I C 20349/ F A 4H (P<0.001,%2) ., MPP
5 XMD8-92 | i B MC3T3-E 1 4 () 34 78 1 1 .

D 2% MC3T3-E1 4fi ffl i 4% FSS, E 2 #1 F 41

B 28 A0 ] FSS A1, 43 S B T ER- ok S5 1 461 551
MPP Fl ERKS £ 54 il 71 XMD8-92, il LI 1 0 h
i D.E.F 41 OD fH JC b 3 2% 5 (P>0.05) , 24 .48 .72,
96 hit OD{H E 41 F1 F 41 344K T D 2 (P<0.001,3% 3),
Ui B MPP I XMDS-92 B I [ % T FSS i #F 1y
MC3T3-E1 #iifitd OD {E f3% Jin , R BELIKT T FSS 4 15 21
i B A

#2 AB.CHRE R E = ODELLE (xts)
Tab.2 Comparison of OD value of group A, B, and C at different time (Mean+SD)

Group Oh 48 h 24h 72 h 96 h

A 0.464+0.040 0.952+0.072 0.691+0.078 1.136+0.057 1.310+0.079

B 0.464+0.046 0.623+0.046*** 0.556+0.042%** 0.915+0.087*** 0.954+0.052%***
C 0.464+0.049 0.637+0.047*** 0.560+0.040%** 0.952+0.084*** 0.946+0.093***

Group B: Methyl-piperidino-pyrazole (MPP) group; Group C: XMD8-92 group; ***P<0.001 vs group A.

%3 D.E.FARERE = OD AL (xts)
Tab.3 Comparison of OD value of group D, E, and F at different time (Mean+SD)

Group Oh 24h 48 h 72h 96 h

D 0.45540.034 0.85740.051 1.268+0.081 1.714+0.082 2.28340.099

E} 0.461+0.030 0.646+0.049*** 0.658+0.048%** 1.213£0.091%** 1.297+0.081***
F 0.456+0.043 0.676+0.053*** 0.697+0.091%** 1.291+£0.074*** 1.337+0.121%**

Group E: FSS+MPP group; Group F: FSS+XMDS8-92 group; ***P<0.001 vs group D.

2.3 FSSX}ER-ofMEA{Y-ERK 5 (p-ERKS) FRiEHIEMA
S K6 I FSS %f ER-a 1 ERKS 52 1, % i B
MC3T3-E1 41 i hn 2% 12 dyn/em® FSS 23 5l 4b 3 0.5,

15.30.,45 .60 min, >R H & 11 G 22 ER1E 7 32 4 0 40 e
ER-a%n p-ERKS & FH A fL 1 0L o LA B-actin i 14
Z ., WK 1~K 3 ff78, 5 min i ER-oJT 15 FiE, 2R
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ER-a: Estrogen receptor-alpha; ERKS: Extracellular sig-
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Fig.1 Effect of FSS on the expression of ER-«
and p—ERKS detected by Western blotting
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Fig.3 Effect of FSS on the expression of p—~ERKS5
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Western blotting
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Fig.6 Effect of MPP, XMD8-92 and FSS on the expression of
Cyclin D1 and CDK4 detected by Western blotting
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Fig.7 Effect of MPP, XMD8-92 and FSS on the
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**P<0.01; ***P<0.001
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Fig.8 Effect of MPP, XMD8-92 and FSS on the expression
of CDK4
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