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[ Abstract] This study investigated the early mechanical adaptability and osteogenic differentiation of mouse bone
marrow mesenchymal stem cells (M-BMSCs) under micro-vibration stimulation (MVS). M-BMSCs were stimulated by
MVS in vitro, cell proliferation, alkaline phosphatase (ALP) activity assay, and cytoskeleton were measured, and cell
apoptosis was observed by flow cytometry. Early osteoblast-associated genes, runt-related transcription factor 2 (Runx2),
Collagen I (Col- I ) and ALP, were observed by RT-PCR and the activation of extracellular regulated protein kinases 1/2
(ERK1/2) was determined by Western blotting. The results showed that MVS had no significant effect on the proliferation
of M-BMSCs. The early apoptosis was induced by mechanical stimulation (for one day), but the apoptosis was decreased
after cyclic stimulation for 3 days. At the same time, MVS significantly accelerated the expression of F-actin protein in
cytoskeleton, the synthesis of ALP and the ERK1/2 pathway, also up-regulated the expressions of Runx2, Col- [ and ALP
genes. This study indicates that MVS could regulate cellular activity, alter early adaptive structure and finally promote the

early osteogenic differentiation of M-BMSCs.
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TR s (micro-vibration stimulation, MVS) J&
— o Az A B VR ) A AR, R RO R R <
50 pm, 5REE < 1 x g, FPRJEHLE 1~ 100 Hz A9 IK0E
FE AR | AR Ty 2E i, B kB IR A
ARV o WFFE 0 4 SR B nT DR 4 s B 2
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M-BMSCs Hi U125 AR W ip Rk TR H AR5
oAt BRI Eh 2% i (phosphate buffered
saline, PBS) . a-MEM ¥ 5%k (GIBCO & HJ, 3
E), G4k (fetal bovine serum, FBS) (Excell 2
A, H[E ), AlamarBlue /A . Annexin V I8 Tl
W H & (Thermo fisher A H], SEE) , Wik
(PI) . #5 ¥4 (Calcein) . FITC #ric i R B
4,6- 2 Kk —2 — R EEN|WE (DAPD) (W2E A H],
), #45m 7Y RIPA i 2% W . BCA SR 1IN E it
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cDNA Synthesis Kit i{ ] £ . iQ™ SYBR® Green
supermix A & . PCR & W {¢, ChemiDoc™
XRSHk27 & AL A . BD accuri C6 Plus (Bio-Rad 24
A, EHE) .
1.2 AEiEFR SR

M-BMSCs i #=7E & A 10% FBS i a-MEM %
FREEN, N 1% FTHER/BHR, BT 5% CO,.
37°C MAWFIRE R AE R B . AR R 2
55 HARTEAL, 08 1.5 x 105/FLAY % FE R T 24 fL
M, #E 24 h ]I TR SN E .
1.3 fRzh N

KA E A AR B 1 R — A 27
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FAFHF AR B R, A AT oA
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state, SS) ZH . PR BHFEN EE TR & & L,
PR SHBEE R PRIEH 50 um, #EH 0.3 g,
R 40 Hz, I35 0] S PV b 8 B E 5% o K
Pl S A FLAR BERS 24 h B TR sh 1 9% — IR & N
B TG 6L, 4 PR3 30 min, Jf[F
B 453 37°C., 5% CO,. MR EE IR 55 .
1.4 HIREHXT M-BMSCs 1858 & M 220

#2565 109 M-BMSCs 4 B8 AL 0.4 x 10* -4
M3 T 96 FLAR, 400 VS 415 SS 4, A4 5 4-F
TFE. A 1.3 W=, 76568 1 ~ 7 KAG T4
MutsE s . A 10% AlamarBlue V5, ZHMIEFE
R, TEREFRIE K 570 nm/600 nm K MEE 525
J& (optical density, OD) {H.
1.5 HIREHXF M-BMSCs J& =240

B2 518 M-BMSCs ## IR BEINL 5 x 10° 2 il 422
PT35I, 43 VS 405 SS 20, WA 1.3 351y
g =, S 1, 3 R s A0 A PR T I
0.25% JBETG AL 40, PBS e —IK, 22 miisTE—
K, F I8 5 x 10°/mL %% & B 200 pL MR, A
FITC/APC 4 5 uL % & 10 min, & IS UE—
W, FAEANMEINA PT Y4 5 uL, LML,
1.6 M-BMSCs AT-W e

26 518 M-BMSCs #2181 x 10* 4~/ F 5 Fh T
HMEF, BT 24 LR, 43 VS 45 SS A, W H
13 Wz S8, 56 1. 3 Kot RE DM T
LA T . A PLIAHGEECHF A 20 min, PBS
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TEVE 2 K, fINA Calcein # W EEEIEH 20 min, PBS
HUE 2K, 3R, BOGIERAE WA T g, PLIK
K IESHFEAR K 535 nm/615 nm, Calcein #{A& /& 4
Kk 490 nm/515 nm.,
1.7 M-BMSCs R B 2K KL E

W55 5 48 M-BMSCs %1 1 x 10° A4~/ 50 T
M b, BT 24 fUMR, 7008 VS SS A, i
FA L3 WRINERSE, 55 1, 3 KDL & B s
TSNS . FAERIRAE, 37°C T PBS
TR 2 Uk, 4% PV RIS 2 41, PBS T4
fitl 2 ¥k, 0.5% Triton X-100 & fLALHE, PBS i UL 2
X, FITC hric iy Y2 2B PRI S5 40 i 3 ¥ & 30 min,
PBS ¥t 3 K, DAPI & Y4 fi%, WL A, &
J, WO IR A B R R ISR, FITC WUk /& Sk
K8 496 nm/516 nm, DAPI 3 %k /&S K 364 nm/
454 nm,
1.8 M-BMSCs fi {4 BEERER A 144G T

M NER MVS J5, TE5 7 KA I 2 i e P
PRl (alkaline phosphatase, ALP) fR H &k & . H
BasR 7 RIPA AR ALPE, 12 000 r/min &0 10
min, B FIEW . 50 pL 40 LMW N A 50 pL
ALP I %E TAEW, 37°C ##F 15 min, LA 3 mol/L
NaOH # LB, TERFR{X K 405 nm T A& OD
1B, I BCA 305 & D A i i 2 R BE, IH
NP/min/& H & .
1.9 RT-PCR #:illl M-BMSCs i & X EE RKiE

AN MVS J&, T2 1, 4, 7 KAGIN 4 AL
HEMN runt HEH F K TF 2 (runt-related
transcription factor 2, Runx2) . I HYJiEJ5i (Collagen
[, Col-1).ALP iy3kik. FEFEIEE, PBS THIk
20K, ML RNA $2 U & 2L 40 i, 48 BCE
mRNA. F| [ iScript™ cDNA Synthesis Kit ¥ $2H
) mRNA & #%5% K cDNA, KA iQ™ SYBR Green
Supermix IR & V1T RT-PCR A& . i A5
YIFHILEE 1,
1.10 Western blotting #ill ERK1/2 {5 5 18 &%
7344

K56 5 1R M-BMSCs i IR MLEEFH 5 10° 4
B, 5k VS A5 SS 41, 7% 1.3 Kikfr
Western blotting il 40 iy 4 i 15 &4 ¥ il
(extracellular regulated protein kinases, ERK) 15 %
IR, 7RI FREE, PBS VL 2 K, AT
1% J* i P00 1) 550 55 B A W41 1 0] ) 1S 5 8 RIPA
A 2R T 4y 24, 12 000 r/min B0 10 min, 47
B LI . BCA ILINE RE AL BV FIVREE, BCH 109
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Tab.l1 Primers sequence of Runx2, Col- | and ALP

EJibE~35 1Ef S 1l

Runx2 AGAGGTGGACTCTGGGTCTG TGACTCTGTAAGCGGGTCTG
Col- [ ACAGACGAACAACCCAAACT GGTTTTTGGTCACGTTCAGT
ALP CCAACTCTTTTGTGCCAGAGA GGCTACATTGGTGTTGAGCTTTT

SD-PAGE & 95°C MR F 4 &, RIGHEA
PVDF [ I, M E T —PiEE, HE T IiHaE,
GBI E T ChemiDoc™XRSHb2F & G ES P 1
. A Tmage lab ic 5% B 125715 K (E
F A5 Z AN B-actin FUAE.
1.11 SitFahE

BHFEG N 54, A SEBIMMUNER + 15
59, P<0.05 NZERAGI2HE L,

2 SRS
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TR 225, R4S 2 KM 3 X, VS 4l 2B
AU S AR S A R A e AELR A n g ] Y
FER (5 4 RS, VS 440 AR K3 R A I
%, FE5 6 K VS A A0 A FE TG PR SS A, i
HAb A A VS 45 SS 4HhY OD o & 2 5.
TESF N R (55 1~ 3 K), VS Z4M7E R 3h i
T FE P I BRER 43 1 238 N A 22 AN 1 0 T, AH
XF T SS ZH 4 B Ay EL A T AR AT Ry, X 1
MV 75 R RE 6% b 25 B8 oy HAT g 238 1o P %) 248
AYIEFETE R, XA T2 1 R iR s (1)
MR BB (55 1K) o i E] TRl 2 1
T B 25, U MVS 7k i 02 4 58 1E F 3 2k
IAELEHEAZ T3 40, MR AR R — R PR . 3X
AT RE AR P Ay i 300 4 B0 g 2 ™ A 3 vy e 28 I
TG T T AR 28, DRI B 0 T A T [ 5 281
LS R UL MV'S I A 0 240 Jf % 186 58 T35 7 3 il 61
EEA

WEFE 57, Y 200 5 B T A5 448 e P 24t i i
TR, ARG AE . BRI S . AT MESER
WFFE R B 20 ~ 50 Hz MR SR RE AL 2F 51 40 B
B EE . Kim E 5T 7R 30 ~ 40 Hz, 0.3 g 1Y
PR Bl w2 UE N BMSCs 3855 1fi Zhou %58
FIBFZE ) % B 40 ~ 60 Hz. 0.3 g MR ShEME kA
BMSCs A H 434k A [ B XoF 20 it 338 7 A 00 44 46
KEEHFFE O 2k 52 (8] 3 5T 248 75 X6 157 7 il B fit

L e 7 D [T R, A2 52 1) 240 e A R 5 ) T4
LA N AR 1 5 e 30-31 i A 5 45 5 ) i
NTEREPIUE ARG T, 40 Hz, 0.3 ¢, 50 pm,
30 min/K | 1E 5% I R 2 RE € 1 20 A 00 A 3 5
170, (AR5 X AR 24 2 el 55, 3 AT e A
Sy bt S IR g 2 B, 400 ey 2 3 i AR
) Aok 32, DT o6 200 Py 445 5 30 T s %
2.2 M-BMSCs BTl 556 aMeE

TR 3h 28 5 4 A 9 T ARG T & 2R an A 2
fii7s, i@t FITC/APC 5 PI X 40 MLk Thnic, FLai
JH T 2 2 AR LRSS RE, 1T 8% FITC/APC 4%
BHUE ST, BRI R T FFE T 20 %) 20 RN
SEdk, T RERE B PT E A LS A a0 s, il ok 4L
50, DIE i X Ab T AN FPRAS R 4. hn s
1 KJE, VS A B 9.1% Ay HAJH T4 fife, 17 SS 41
L 5.9% AL T4, VS AR I T 4 il
BT SS4. 3 KIg, VS AR T4
B, BB T 12%, {H SS HIET 20 M i ik 3]
7.1%, WAL Z MBI T- 4IEE T R EE R, X
—gERARR NN 52 MVS A4 AT Gt — 45 8 i3 4
TR R, B AR TR A RIIE T4, HAE
TN MO A R SS A T TR . 454G A MO 5 G
PE, AN ERMAR S G, AT 3Z MVS 1 20 i g HE
4, B R B4 AR T SS 4 40 i HoA TR I 12
T S A TR

WL Calcein 5 PI XJAMIdE T 4L 5 (LKL 3) ,

37 mEvs
SS x

02

ODfii

0.1

t/d

1 {iRENS M-BMSCs HEMIM  * P<0.05
Fig.1 Effect of MVS on the proliferation of M-BMSCs * P <
0.05
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Fig.2 Flow detection of M-BSMCs apoptosis UL: dead cells;
UR: late apoptosis cells; LL: normal cells; LR: early apoptosis cells
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A Rmas R B A, ndi 3 Ria, WA
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AN, HIE AU A2, Ul B 40 i A i S 0 T B
%5 VS A0 M T N S IER G, T4k

IR TR AR R A A E AT,
NARER PG IE T 5233 i p PR T oA R AT
WG BIFSY 2 B IE XY B LR ) 27 T DA
A A RN RE M 2R, (I B el kR 2 it
Ti) a5 A 7 2 0 e S 2 ok 240 L ) 485 40 R ) i 3 B
PR, ARWEIE A S5 R A TR SR S i 2
e R TR R o I SR X o B IR o ||
WBET H AR 40 M IE 5 A W22 A T R i s, X ]
A T2 40 00 30 2k 465 #) RN 25 R 3K 38 N T 3K el g 2 )
W, BDARAS T S A RE R PERS3S) S MVS ffi45
AN 2 A A e A PR T TS bR, SRR R B
A Im AR A, X — G R AR5 45 T 40
HLE) MVS S — Az BEGE 1 2 38 m5, 78 /03R4y
AN 52 1 2F B A B e, R o4 B 3 B
AG Sy fdE N, DL R SRS R B S A
2.3 M-BMSCs A gzt

& 4 Fionh VS 415 SS ZH 40 5 2R ge o, in
# MVS 1 KJ5, VS 4404 SS A mi Rz &, B
BHHZ M, SS HAMMIE SR —. VS A4

3K (x100)

N

B3 BotHREVEM-BMSCs FET (. MR, 460 PUbRE. HESTEORIEMANNE, 5O LR R 40

Fig.3 Laser confocal observation of apoptosis of M-BMSCs  green: Calcein; red: PI. White arrow: late withered cell: yellow arrow: withered

cells
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ETEPN

(%400 )

(x100)

4 {BIREIXT M-BMSCs H F-actin EHRIAMHM  H0O. MEE; 6. RabHe
Fig.4 Effect of MVS on expression of F-action in M-BMSCs cells  blue: nucleus; green: F-action

N LB B 1 22 i A A Bt HE 2, A SS A A
KATE, 2RI MT N5, Uil VS 4 F-
actin fE AR IXF B E & T SSA. WdRshin i 3 K
J& , P20 5 B 4G BT REAIR, SS ZHREARTE
Wi, HoAnfAr i G aE, HEP K%, dii N Lsh
B ML AR TCY, VS AT SS 4 il e i
Wi, ML AA Ty B9OsE R T SS 4.

S P 4 LA A B L B A AR 4R 4,
AR RIE A Sz s Thhe, il . e
MAF4EH . WlshE SRS, 5G4 11EH
TUIMIET, J15 {5 5 S di IS E - 6 3R -2 kMG
RGN, BRRG R M R EE, 71 k4
TEAARARB38 ) 3G g i L 4, 51 40 M A
K EARA AR RN R . ARS8 MVS 7]
SFRGE 5 A A B SR A | F-actin 25 1 22154
K mHEA G R T M-BMSCs B 28107284k, I
TR INEE T AR R 3G G AT R o B A 2 R D
Z 1 — B S, MVS 774 055 5l i A Y
B AR — 0 X AR D, f A At B ) o3k LA
KA MR RERGR, WP e T AN 3 s . AT
25 R BN M SZ B RS S R A S IEAS
B PR A S T RE I R, 2 A0 R R R R T 3
PERAE HWE BRANT 32 7 27 R AN, A0 A 2
LA 23R4 72 R 32 Pk, Xt S A 5 S
BRSSP AR PR 2 T R 3 7 A A 2 B T
f el
2.4 WRENIAIE M-BMSCs RIS BB EE R 14

ALP {H P skl 25 3 o (WKl 5), VS 4

ALPf 1/ (NP-min"-pg™)

7
t/d

5 RSN M-BMSCs R MERBRBR I 1EHIRNE  * P <0.05
Fig.5 Effect of MVS on ALP activity in M-BMSCs * P < 0.05

TESS 7 K ALP Kk B35 T SS 4 (P <0.05) , iX
UL V'S ZH 4 A HL A T A BE . M-
BMSCs 4L Wi 2Rt ALP /9 T, ALP & M-
BMSCs /b B B bR, ALPAE NS MR LT
AR R, AR KT, 5 An i s Ak K 4N
WIS AT 5 BRI R . WFFERM] MVS 7] L
R 2 1) 78 0+ A0 i kB AR R ALP. B A .
Col- T LIRS W AR K RT3k, X SR
) ALP A 4h S e — B0y, Xt 5 A 5 b 41 g
BETE A 45 R R EDIE . X — B4 H F Sk e
) &4 B 3 AR A 7 () s 2 1 75 40 4 B 30 2 R A1
MR A—B, HErTaEg A 2ol JRah e e ik A
BMSCs U 70 A0[RI, 2 3 I 200 B Y 14 5 05 2
ARG KB, MVS FEAE#E M-BMSCs Wi B b1
[Fi] s} B A% B2 e 200 M %) B8 9% 1, 3 P R Hh AR F
FERT IR Sh 3% 95— Ahe B fE AR e 4552 MVS 1Y
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R T 38 FL A A= PRERSE, HEBR T 40 PR IR 55 AR
AT AR A RIS A S8 oAb, ONTR] Y i R
JERT e 23 X285 SR — 0 S
2.5 M-BMSCs BRI HHAXEREFKIX

F RT-PCR Z5 5 AT UL (ULIE 6) , AHXTT SS ZH 4
M2, VS H4MI Runx2., Col- I Fil ALP fY 3[R ik 1E
554 KM 7 KB FH T SS 4, Runx2 7E55 4 K}
Fikf, Col- [ Fl ALP 765 7 Ry Rk (P <
0.05) o ‘B FRYHMITE LB 731k i) 2 v 3 w42 RERE AL
4T P 3R R R R AR FIAE 2 . — B 0E, Runx2
VB B A e S e S R 7, R T A R i )
BB R Rk R T, 76 E T8 RN e A
R HEEZAEN; ALP Ml Col- T J2& il 240 i 43 1k
(1 32 SR B A BT A 1, R SR 2R A A gl A
AL T & BB B e 1R300, WA RT-PCR 455 A,
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