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HE. BH W ERKS (55X MC3T3-E1 sl A e sE , ) UIRes- L H BMP2/BMP7 (W20, J53% Wi /N RNA
A FFIHAR (sIRNA) YTER ERKS LK, 2351145 4 BE >~ 20 .40 .60 .80 nmol/L () ERKS siRNA T MC3T3-E1 ALHE 40, i %
ERKS siRNA B YL () Ee AR s, WEMR A 5280 ( MTT) K55 YL 5 12 h 24 h 36 h F148 h 40 AT B I, SEi 9% % & PCR K
T ERKS .BMP2 #il BMP7 mRNA )31k, Westernblot &z JUA [/] T HiZH BMP2 J¢ BMP7 & Rk, &R 2 ERKS
siRNA ¥} 60 nmol/L s}, MC3T3-E1 ALH 4N AY ERKS mRNA (93635 N h 3, UTERE R 76.8 +2.2% (P <0.01),
ERKS5 siRNA #%4/5 12 h .24 h 36 h, sUE- AN A3 58 32 2B B0 H (P <0.05) ,{H 48 h #54H K R B B A4k (P >0.05) .
ERK5 siRNA #3424 h J5 , SERF9¢EE 1 PCR 455 BN . 28 HAH 5 X R siRNA 2 A A1) BMP2/BMP7 mRNA 284k /K6
BEWZEF(P>0.05) {H ERK5 siRNA #5420 () BMP2/BMP7 mRNA HJ B4 ( P <0. 05) ; Westernblot 455 7R, 25 F12H 5 %)
fi siRNA ZH B4 Y BMP2/BMP7 25 [ R & B 2846 (P > 0.05) , {H 5% YL 41 j 1 40 il i) BMP2/BMP7 5 & BEAIR (P <
0.05), #5if ERKS siRNA X MC3T3-El J§H 40 R HE5E LU KBS BMP2 Al BMP7 (%3557 B S 3mHIFEH
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Effect of ERKS siRNA on cell proliferation and BMP2/BMP7 expression in MC3T3-E1 osteoblasts
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Abstract: Objective To investigate the effect of extracellular signalregulated kinase 5 ( ERKS5) signaling pathway on cell
proliferation and BMP2/BMP7 expression in MC3T3-El osteoblasts. Methods The technique of small interfering RNA ( siRNA)
was used to silence the gene expression of ERKS. In order to select the optimal silencing effect of ERKS siRNA, the concentrations
of 20, 40, 60, and 80 nmol/L ERKS siRNA were used to culture MC3T3-El osteoclasts, respectively. Cell proliferation at the 12
hour, 24" hour, 36" hour, and 48" hour after the transfection was detected using MTT assay. The expression of ERKS5, BMP2, and
BMP7 mRNA was detected using real-time PCR ( RT-PCR). The expression of BMP2 and BMP7 protein was detected using
Western blotting. Results The expression of ERKS mRNA reduced significantly with 60 nmol/L siRNA, and the silence rate was
76.8 £2.2% (P <0.01). After silencing ERKS gene, the proliferation of MC3T3-El osteoblasts was inhabited at the 12" hour,
24" hour, and 36" hour (P <0.05), but no significant difference at the 48" hour was observed (P >0.05). After 24h transfection
with ERKS siRNA, the expression of BMP2/BMP7 mRNA and protein decreased significantly in ERKS siRNA group when
compared with that in the blank group and siRNA control groups (P <0.05). Conclusion ERKS siRNA can significantly inhibit
cell proliferation and the expression of BMP2/BMP7 mRNA and protein in MC3T3-El osteoblasts.
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WAk 205 5 1 T 30 40 ol S 2 B A o, 2 A AR
EEMESHSRE . BT, CHIMPYS MAPKs
{55 18 B A . 4 A5 5 98 99 B (extracellular
signalregulated kinase, ERK) 1/2  ERKS5 | p38 . cJun
SR T A Tl

ERKS {5518 2 MAPK 21 1Y f W6 ¢ B0 ) B

O, R SR S R 45 #9385 ERK1/2 [R)JE , (H L4y

AR H A MAPK B 53 B9 A%, I LA SRR K
MAPK j#i % ( Big MAPK/BMK) "' . #F5% & 3, ERKS
TELEIE PN B AR5 M 2e 2B RBRAE K ke e
YER], Regan 25 WF5% KN, w4 ERKS 2R (4718
B IR O A H Mk T IR, W]
ERKS TEJEiG & B iR B & 2 m/E . B, X
ERKS 15 538 B i 55 282 h e O A4S s IR
RGN BRI,

HIEA K48 H 2 (bone morphogenetic protein
2,BMP2) Fl BMP7 S i 40 i foe e 22 14 B 5 S o4k
DRI, b B 400 14 346 5 2 A AT S B A R
2K R H /N RNA 70 F T4 R (Small interfering
RNA, siRNA) L8R MC3T3-E1 AUH A1) ERKS 3
RS, LS MC3T3-E1 80 40 i it 15 58 LA K H Ty fig
43AEEE H BMP2 I BMP7 BYZFEIKTEAL

1 #RFTFTE

1.1 SEEpbk

AR /N MC3T3E1 AH 20 i Bk I A [
e e Rl AN

FEAH] B DMEM 153535 ( Hyclone, USA) |

AR I (GIBCO, USA) , 125 3 58 3 AU (X
1 %) ERK5 siRNA ( Sc35340, Santa Cruze,
USA), siRNA ¥4 44 i 5] ( Sc45064, Santa Cruze,
USA) , B-actin (11114247 ) . BMP2 ( Bioworld,, USA) |
BMP7 ( Bioworld, USA) —¥t, BRAR 1 %A AL P filg — bt
(Pl #r) , & RNA $2HUR ( TaKaRa, Japan ) , PCR
S 8% 51X 57 & ( TaKaRa, Japan ) , B-actin, BMP2 |
BMP7 .ERKS 5|4 ( TaKaRa,Japan) .

FEALES AR T4 (Heal force, USA) K59
WG A (L 4k ), B B AH 25 W BT (Olympus,
USA) , PCR 1L ( ABI7500,USA) ,

1.2 Zfifukss:

ACE AN MC3T3E1 4N bRAE TR 37 1 . 4
TRRABFNEE 5% R & A PG 10, I 10% i
A 1037 , H 100 U/ml, 55552 100 U/ml A8
DMEM X% 3% W 35 5%, F¢ 4 f il & & 90% B, H

0.25% IEEEN AL, M 2 25 em® 553 ML 08
Fro
1.3 s

W XHB A KB B AR A 3 % 107 /L0
HeRh R 6 FLIEFRAR L, FRAi A= < 2 80 — 90% K it
Y % Santa Cruze %% YL U6 W 45 4T 55 2
1. BOW, WA A2 -8 wL siRNA + 100 pL #54Ll 95
WA B .6 L FE YA + 100 L R e g dt F
AWE BWEIRA], ZIR A 30 min, FRXNA 0. 8
ml FEYLEFR PRSI R, 2. RHUE 2 ml B L
TR OP YRR AR R, IS — 2D A AR,
WABFEFEHRIFR 6 he FHIMA L ml &4 2 5 EH
MEMPUAE R A K IR QhL 9% 12 - 48 h,
SCHGAR 3 2 2 HAL (IE R A ) X REZ ( Control
siRNA + 71 ) Ml siERKS ZH ( i1 A ERKS siRNA +
) .
1.4 WERRESZI (MTT) W 200 R 7 17

SRS ANE DL 25 L X siRNA 4 | siERKS
Z1(12 h 24 h 36 h 48 h) . Kl 20 o IR
FL200 pL(2 x10* %5 5T 96 fLAR , BRI E
5 5L, 2936h 5, diAl TP EUE R, 3T
Yuo MPITEREYLS 12 h 24 h 36 h 48 h J5 A 20
pL MTT(5 mg/ml) ZKZEHFH 4 h, SRIE A 150 pl
TR, =R RIR Y 10 min, BEAR ORI
0D490 nm Ab#FLATIRSEAE
1.5 SEE2OEE = PCR

fdiFH Takara £ RNA $2BORHEBUE RNA, Hf 4
M RNA Mo #2 B4 10 L U6 SR & 500 ng i
RNA S 5% N eDNA, JUE 5 40 F ;. 37°C 15
min,85°C 5 5,95°C 30 s,60°C 30 s, 3 40 MEH,
51%1. W% B-actin I i, 5’ CATCCGTAAAGAC
CTCTATGCCAAC 3, F %, 5’ -ATGGAGCCACCG
ATCCACA3’; ERK5 I, 5’-CCTGAAGCCTACTG
TGCCCTATG3 ; F i, 5° -CCGAAGCAGCTGGTAC
AGGAA3’; BMP2 | %, 5° -TGACTGGATCGTG
GCACCTC3’, F %, 5 © CAGAGTCTGCACTATGG
CATGGTTA 3’ , BMP7 Liif#,5° AACATCCGGGAGCG
ATTTGACS3 *, F {i#, 5’ -TCCTCAGAAGCCCAG
ATGGTG3’ /3 MRS 45 4 HE K CT /Y418, 4%
JEHE BT AR L ACT (1) = (TSR
YA CT-=TM4 B-actin Z&HFIE CT) ; ACT(2) =
(X} FRAUREAR FL R PE CTXT FRZH B-actin FEK I
CT) RGP A8 AR AACT, B AACT = ACT(1)
~ACT(2) , feJatie oA 27" e ) 1idl
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mRNA (R IR A%, A BEE 3 4
AL, SR EE =R,
1.6 Western blot EJRSE56

FBRANFUAR H B B 37 3, Y PBS ohik =k,
AN ZAFIE 100 (8 FIBHMEIR 1 ul) 32
MRS PR, BCA B Ik, He R4
VKB FAEEEE 40 e, FEVRAE IR 5% (16 % 80
V) AYEEIEA 12% (TEE 135 V) B+ b R B M
SN I O Mg 56 e R AT LYK, 1H I 200 mA R 5% =
PVDF 5%, 5% (W IR 05 83 = iR B0 2 b J&, n A
BMP2(1:500) .BMP7 (1:500) f)—4i,4°C i 7%, —
PU(1:10000) H iR TWEE 2 h, fb2E EZOENE RS
(ECL) KM # FHENI . FH B-actin 7K B9 ik #AE
HHNZ:, Quantity One BI85 Z5007 K EEAHEL
1.7 Sit#ath

JI A EE AISE + brifE 22380 R SPSS19. 0
ST BAE AT B R 2R O 229381, P < 0.05 -
oA B2,

2 #R

2.1 AR[EWE ERKS siRNA #5844 %F MC3T3E1 i
B4 ERKS mRNA JTERE 130 5

Pk .20 nmol/L 40 nmol/L .60 nmol/L F
80 nmol/L [ siRNA , FZ YL sl 20 24 h &, W5
YL i ERKS mRNA BYRINE AL, 5 Bon . &k
FEREYLL 525 4 % IR siRNA 4 AH HE, SE 241
HEGiT2#2E5% (P <0.05) ., {H 60nmol/L 5 80nmol/
L 4 ERKS mRNA 0 FREEA G245, M
HIUTER RN 76.8 +3.2% F177.5 +1.3% (P
>0.05) (K1),

1.4
1.2
1.0

*
0.8 *
0.6
0.4 * *
0.2
AR NN
40 60 80

ZAH A 20

ERK S mRNAFI & i& (L4

ERKS siRNA¥ A (nmol/L)

BEl1 AFHEE siERKS XF ERKS mRNA #3k 520
" S AR IR LA 3 k22 5, P <0. 05
Fig. 1
siRNA on the expression of ERK5S mRNA ( * .
with the blank group and siRNA control groups, P <0.05)

The effect of different concentrations of ERKS5

compared

2.2 MTT A 60 nmol/L ERKS siRNA % 4 X
MC3T3-E1 i S FE R 52 . MTT 25 R R, 5

235 F AL R HIPEXT ATAR EE, 12 h 24 h 36 h AYFE 3
ZH S A B P A2 BRI (P <0.05) ,{H 48 h
FeRe R B WA (P >0.05) .
F1 AFEHMNEEFRYL 490 nm WCEME (v +s,n=5)
Table 1 The 490 nm absorbance of enzyme microplate

reader in each group (xx s, n=5)

A% A X FE 20 siERKS 41
12h4l  0.371£0.048  0.366 +0.042"  0.29 +0.034"
24 h 4l 0.455+0.019  0.449 £0.043" 0.371 =0. 061"
36 4l 0.522+0.023  0.518 £0.029"  0.444 0. 057"
48 h#l  0.634+0.014  0.631 £0.041"  0.608 +0.028

a5 AU, P >0.05;b: 53 I siRNA 41AH L, P <0. 05
a; Compared with blank group, P >0.05; b: Compared with siRNA
control group, P <0.05.

2.3 ERK5 siRNA #4L % MC3T3 - E1 B8 41 iy
BMP2 BMP7mRNA ik i 505

RT-PCR #:ll 60nmol/L 1) siERKS %% % 18 B 41
Mi24 h J5, 45 R WoR . YL S BCE 40 BMP2
BMP7mRNA 7KFH i TR, A2 B 225
(P<0.05) (K 2),

14
g 12

2 10

08 oZ A4

® 06 %} i siRNAZL
g - osiBRKS41

< 04

Z 02 *

2 0.

*

0

BMP2 BMP7

B2 siERKS # YL 40 BMP2/BMP7 mRNA k1Y
A0

TE: 528 LA RIS B LA P22 5, P <0. 05
Fig.2 The effect of ERK5 siRNA on the expression of
BMP2/BMP7 mRNA in osteoblasts

( *: compared with the blank group and siRNA control

groups, P <0.05)

2.4 SiERKS5 ¥4 MC3T3-E1 i H 40 il BMP2 |
BMP7 & 1R 520

Westernblot 25 3 i 7~ , 25 FI 241 5 %F B siRNA 41
() BMP2 .BMP7 ¥ A7 2 P22 4k, T 60 nmol/L 1Y
SIERKS $#5Y%)5 MC3T3-E1 B 40l BMP2 .BMP7
W1 R (1A 3)

3 he

HILA R EA RN TINE B A —4U8 s
AT BERE A R A 2R 1 A MBS B A,
TETR B BB IR 8 G B Bl 2 40
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BMP7 H * ' -49 kDa

BMP2

-44kDa

-42 kDa

B-actin - - -
BA4 X4l siERKS4

B3 Westernblot #lA[H] 1 20 BMP2/BMP7
BELiDESIN
Fig. 3 The expression of BMP2/BMP7 protein in

different treatment groups using Western blotting

AR Z N A, B RT3 1 20 43Fh BMPs,,
PIFERFGT 2R, BMPs F2 238 3 £ ML) Smad {5518
BRAL IS S T R I 2 i T BE ' IE4E ok
K I, BMPs i4 0] DLiE i MAPKs  PI3K 4538 #% 47
EEEES PHIFRZ O BMPs (HAEZ s s S

ERKS5 {5538 % J& MAPKs ¢ % & 35 i 11
%, R H AT oY e 1) — 253 . ERKS # R 1k
WY T MEKK2/3 , MKK5 %3¢ 52 1 0% |, 8005 5
HEALHEMIRZ N, e C i i B A e SR IE PR 22 AR |
BRIRS N i pgILEAEH TS cFos .eJun DA
AP SEFEALIR T A 2E A A () 34 58 43 Ak, H Rl
ST CIESE, ERKS 76 P9 K2 A0 s AE 3285 DL RGHT If
B K A T, ERKS 3 PR k2 14 /N UK
PTG IR P R Gk e e

T340 ERKS ANALE ST 1E # 40 i D) 66 o & 4% &
T, WS 05 AN A B4 B AR T2, Kim” B
SERIL, UTER ERKS SRS 5 e 42 2840 DL R 4
JE K 1 (MMPO ) B @0k 2, [, Kato' ™ L J
Ramsay[”: e B B Hela 208 A KRG B 968
PC3 i &L T ERKS (198 B 3K AH T
T ERKS FIRESEANIRY T G Irhed (1) — A~ E ZL A
R ORGSR R AR R A MGe3 T E
IESE, 8 LB, ERKS (F Sl F T AN 6 X
MG63 4L HEFE 734k, SR, ERKS J& 75 8 9 IE %
B YA A= PRI R H AT 4G

siRNA AR EA [F U5 P A 3UEE RNA 75
SUCERFFEESE ) B AR, 1T T i 3 P Y
T DT UL 3% 35k PR X 40 i A 2, ASIF 9 R
siRNA THEHAR , UTER MARKs % %1 ERKS LA %)

FEIR VI T ERKS {55530 1 ) B 40 i 34
MR AR, 45 R En, UUBR ERKS 3
RS, B A 3 5 27 31 T BH A0 a1, [RIE, BMP2
F1 BMP7 JEPRUFNIER (10 2RA W B TR

S ERKS 553 i 2 175 s B A A 3 5 )
RERIBME LT S HE A, IR LW RS 5B
Yraw G AT B B A TR AL T R SR
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