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[Abstract] Objective To observe the effect of low-frequency vibration on the osteoblastogenesis of
mouse bone marrow mesenchymal stem cells (BMSCs). Methods —Three-week old C57BL/6 mouse was used to
isolate and culture BMSCs. The cells were divided into the control group and low-frequency vibration treated
group, and they were induced by the osteogenic induction medium. At the 7th day and the 14th day, the cells
were harvested. Alkaline phosphatase (ALP) staining test was used at the 7th day and alizarin red staining at the
14th day. The genes expression was detected by real-time PCR. Results The ALP staining positive area in low-
frequency group was increased at 7th day as compared with the control group. The alizarin red staining showed
that the formation of calcium nodules in low-frequency group was increased compared to the control group. The
genes expression levels of collagen type I, osteopontin, osteocalcin, osteoprotegerin were increased in low -
frequency group compared to the control group. The gene expression of receptor activator of NF-«kB ligand was
decreased by low-frequency vibration. Conclusion The low-frequency vibration could promote the osteogenic
differentiation of BMSCs and influence the osteoclastogenesis by secreting cytokine.
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2 1.5ml EPS, A 0.2 ml =2 W &%, 85 3 min,
49,1200 x g #5015 min, ¥ FEEREBR R —4
B EP & JEINA 0.5 ml SENEE 4 °C. 1200 X g
B30 10 min, EP A HRED R RNA, 58 13, P11 75%
CBEVEGITHE RNA — U, I I RE P 2H 5 RNA VR BE
— 2, SR AR G T 57 h cDNA . Real
-time PCR A : T %Y fit )55 11 (collagen type 1, Col
[ ), 8 ¥ # A (osteopontin, OPN) , ‘& 45 % (osteocal-
cin, OCN) , B & £ (Osteoprotegerin, OPG) Fl % B
40 g 43 Ak I T (receptor activator of NF-«kB ligand,
RANKL) & 3L A [ Rk (WS EH 18S) . TS
FRHANEE 1 BTN

o35SR I B S W S (ELISA) 3B

TEE S L A 12 KW BB A R IR L
FCS &5 54 0.5% , 15 7% 48 h i , 8 A TC L TE WL
PR REL 24 h R EE W . He IR ELISA 50
& (USCN) #: 1E 45 p U 22 K5 5% L35 W OPG K&
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#&1 Real-time PCR AT 5 ¥ 751

M L1 Rl
18S 5'-TTCGAACGTCTGCCCTATCAA-3' 5'-ATGGTAGGCACGGGGACTA-3’

Col I 5'-GGGCAAGACAGTCATCGAAT-3’ 5"-GGTGGAGGGAGT TTACACGA-3’
OPN 5'-TCTGATGAGACCGTCACTGC-3’ 5'-CCT CAGTCCATAAGCCAAGC-3’
OCN 5'-CTGACCTCACAGATCCCAAGC-3’ 5"-TGGTCTGATAGCTCGTCACAAG-3’
OPG 5'-GGAAGACCACTCGCATTCCTT-3’ 5'-GTAATCAGCAACCATTGGGTCA-3'

RANKL 5'-GACTGTGGTTACCGTCATGGC-3’ 5'-ACTTGGTTTTTCATAACAGCGGA-3’
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FKFRE) Scal-1(+) .CD29(+) .CD11b(-) .CD45

(=) (E2),

— ARSE S 2 BMSCs BUE ik

SRR IR S 7 4, I 4R EA T ALP Y
o ARATIRSh AL ALP 36 P B 0 = T BB A 3%
14 dJ& AT R sh 445 15 45 T8 il B 38 22 10 B4
(&13) , B HAAR A5 415 55 % BMSCs [i] 8 Ak e g 2
YEM .

= AR B RE O B A AR DG R R

AR B 1190 14 d J5 O A e $E B RNA |, 33 4%
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CD29 (91.2%)

FSC-A (X1 000)
CD11b (4. 6%)

Scal-1(90. 1%)
—r —ye—

100_ 150 200 250 50
FSC-A (X1 000)

100 150 200 250
FSC-A (X1 000)

B2 FEARGI R R EY  a: XA ;b~e:Scal-1(+) .CD29(+) .CD11b(-) .CD45(-)

100_ 150 200 250
FSC-A (X1 000)

CD45 (2. 3%)

S0 100
FSC-A (X1 000)



<460 HE20194E9 A4 1045555 Orthopaedics, September 2019, Vol. 10, No. 5

B3 AU R a: X HRAL ALP e (b IR 41 ALP Yt s o X IRAPE RLTYL (0 d AR G A1 96 R4 e

2.0 . 2.0 A 2.0 1 2.0 A 2.0 1
% *
1.5 1.5 1.5 1.5 a 1.5 1
2 ) ) X "
i~ i %‘e’ i
1.0 1.0- iné{lo wﬁml.o Eﬁ*lo
3 2 8 5 z :
© 05 0.5 - 0.5 0.5 - 0.5
T @6 ‘T %.D ‘T %o ‘T %@ ‘T %e
% P 7 PN Nz PN N PN % PN
& & & 3 &

El4 Col I .OPN.OCN.OPG K RANKL :H 2635 (L 18SHE NN B HATARMELALIR)  SXFBRZIAH I, P<0.05

1.8) pg/L3 5, RANKL 7 (3.5+0.1) pg/L, BT OR[RIA S04 0T 2k ke mr 0 e 0 I 400 B 5 Ry
A (5.2+02) neg/L T, HERHASIIE L 4%, BA —E TR A5 i 4
(P<0.05,41& 5) . RANKL GBS S0 i,  B8alsEERE R R I T /N BMSCs, ZEAR M Al )
I OPG 3 i 35 PN ] RANKL F/E ISR I HIBE- S HA S sl 40 s o 200 A S o 4 i ; TRl st o
oAb . X R WIBR S REHE 25 BMSCs MUl FHUR R MORAS I T H R mHT5An &), 45 R WoR
fit 77, Bfici it 70 W OPG . RANKL 285 3k 2 5%F  Scal-1(+) .CD29(+) .CD11b(-) .CD45(~), 5#H5&

) AN BFgT ik 80", BMSCs o] R A it B
w; oy 1 Z R R AT MESE R LA T R
= = CPIES b C
5 0 : Eey LRI 2015 5 S (AT 1
a P AR T A AR EAE R . BMSCs R 11171 J1 2
S ] % . g e P IOMIDCE 11, B 125 15 S 5 AN 4 e 4
: gZ FISAEH QIHE@H%LE’J%A% G 4 118 73
m i SRR B SN S5 38 ek S 5
%] e &, (o) Eﬁhﬁvﬁ%ﬁﬁiéﬂiﬁﬂwJ”EFFJT?H&E@@“GJ,EEPE%

& & $ ft)— %Zmﬂﬁﬁvﬁ%ﬁMAPKsﬁ% " b EER )
& > & TR p38 M ERKBEVRHCH A, A S AR

i @ﬁ%ﬂ’]b’?ﬁ(@@ﬁ@:%/\?ﬁiﬂ@&,ﬁﬁ{ﬁﬂc%%
EARR LIPS JISLE S e NI E ke R Ut 0N
W 0 S 2= AN MOAZ , A T A R 4 R A

(matrix metallo proteinases, MMPs) 7£ PN i) 22 Fll R JiE
BMSCs /& fEFE T RBEE N FZAIZ — 78 B0 [RI, S0 500 R & 2= 4 s m]

5 PHALEEIRIE VST P OPC & RANKL & h: S X IR A L,
*P<0.05



HEF20194E9 HEE 10855 5] Orthopaedics, September 2019, Vol. 10, No. 5 <461+

BEIR L 1-xB, S 2 1-« B B S5 A  1-xB 5 NF-kB ff 2 |
NF-kB G I &AL, L) p65/p50 S — R IR
G5 A 2 DNA _E A AH 57 A5, 45 R Ui 5 43 NF-
KB 255 74 5 DR ) g S 3, DT 52 1 240 i )
Ite™ .

AR S by T3 2 R —Ff e B 7 B
Iz o ARSR Sl AR A T T O LR 4 A AT 9T
2, FEALH A 300 3% WL IR 2 5 2235 IGF-1, MyoD , Myo-
statin [ IR 80/0 , 38 L HE S B BULE B 6 8 B
B LA (A 2, DT A sl B A LS 48 i 2 Y
AR B T BMSCs & , 7617 S H 1) il o0k it
P, ALP IS PR & , HLASSS Y50 H 14 m, OCN .OPG
FIRHIIN, RANKL 1K TR, ALP 2P - 4
ol ad i bR R 2 — AR A A S I R A
IHEERME IR bR , TE A4S 1 1 22 /0 5 i 40 i Th
B IEAHOC . RANKL J2& BAA% 4H M 1) i B 448 i 1k
SRR A —Fh R, OPG /& RANKL iy —Fh 354+
PERIRIFN >, A 55 245 TR B, (RATR sl iR
EIEMEIR VR, —Jr e kB AR R, 5 — 7
A3 o R 00 3 P A S P R D o A 4
A A o

AHIFGE TRAFFEAA AN I, FAF R 3 2 i 42 1F
BRI, IR TR ABESE , HALH W] A
NF-«kB . MAPKs i f# ) 2 58 A5 . AT
T PRSI T AR OIS . R TARAIR Sl A %
FATECR T —FpaaR , R FRATT B0 56 5 A
BB T RO

Zx b AR S A B 5 S5 i ) 7
S0 16 BB A D, L 3 o T 3 A D B
A A T ) A R TR R R s EL A T
BIVE /NP 5, 78 B BRI R A A
(==

2 % x W

[1] King LK, Almeida QJ, Ahonen H. Short-term effects of vibration
therapy on motor impairments in parkinson’s disease [J]. Neuro
Rehabilitation, 2009, 25(4): 297-306.

[2] Yuan Y, Zhang L, Tong X, et al. Mechanical stress regulates bone
metabolism through micrornas [J]. J Cell Physiol, 2017, 232(6):
1239-1245.

[3] Rajapakse CS, Leonard MB, Kobe EA, et al. The efficacy of low-
intensity vibration to improve bone health in patients with end -
stage renal disease is highly dependent on compliance and muscle
response| J . Acad Radiol, 2017, 24(11): 1332-1342.

[4] Rubin C, Turner AS, Bain S, et al. Anabolism. Low mechanical sig-
nals strengthen long bones| ] |. Nature, 2001, 412(6847): 603-604.

[5] Corrie H, Brooke-Wavell K, Mansfield NJ, et al. Effects of vertical

and side-alternating vibration training on fall risk factors and bone
turnover in older people at risk of falls[J]. Age Ageing, 2015, 44
(1): 115-122.

[6] Liphardt AM, Schipilow J, Hanley DA, et al. Bone quality in os-
teopenic postmenopausal women is not improved after 12 months
of whole-body vibration training [J]. Osteoporos Int, 2015, 26(3):
911-920.

[7] Leung KS, Li CY, Tse YK, et al. Effects of 18-month low-magni-
tude high-frequency vibration on fall rate and fracture risks in 710
community elderly — a cluster-randomized controlled trial [l
Osteoporos Int, 2014, 25(6): 1785-1795.

[8] Iwamoto J, Takeda T, Sato Y, et al. Effect of whole-body vibration
exercise on lumbar bone mineral density, bone turnover, and
chronic back pain in post-menopausal osteoporotic women treated
with alendronate[ J ]. Aging Clin Exp Res, 2005, 17(2): 157-163.

[9] von Stengel S, Kemmler W, Bebenek M, et al. Effects of whole-body
vibration training on different devices on bone mineral density [J ].
Med Sci Sports Exere, 2011, 43(6): 1071-1079.

[10] 5137, UK, Aest, 55, BB 52 B+ A0 R R 7 RHOR
AR ERE (T ], B, 2014, 5(2): 121-124.

[11] Huang S, Xu L, Sun Y, et al. An improved protocol for isolation and
culture of mesenchymal stem cells from mouse bone marrow [11.J
Orthop Translat, 2014, 3(1): 26-33.

[12] Soleimani M, Nadri S. A protocol for isolation and culture of mesen-
chymal stem cells from mouse bone marrow| J |. Nat Protoc, 2009, 4
(1): 102-106.

[13] Ross CL, Siriwardane M, Almeida-Porada G, et al. The effect of
low-frequency electromagnetic field on human bone marrow stem/
progenitor cell differentiation[J]. Stem Cell Res, 2015, 15(1): 96-
108.

[14] SR, E4%, B 53, 45, M ZE KA T 251 ) 5 T 40 N1 5 S
B SNSRI RN [T ], B R, 2017, 8(4): 302-308.

[15] Almalki SG, Agrawal DK. Key transcription factors in the differen-
tiation of mesenchymal stem cells[J ]. Differentiation, 2016, 92(1-
2):41-51.

[16] Hotamisligil GS, Davis RJ. Cell signaling and stress responses [Jl.
Cold Spring Harb Perspect Biol, 2016, 8(10): a006072.

[17] Fahy N, Alini M, Stoddart MJ. Mechanical stimulation of mesen-
chymal stem cells: implications for cartilage tissue engineering[J ].
J Orthop Res, 2018, 36(1): 52-63.

[18] Liu Q, Hu X, Zhang X, et al. Effects of mechanical stress on
chondrocyte phenotype and chondrocyte extracellular matrix ex-
pression[J ]. Sci Rep, 2016, 6: 37268.

[19] Nichols RA Jr, Niagro FD, Borke JL, et al. Mechanical stretching
of mouse calvarial osteoblasts in vitro models changes in mmp-2
and mmp-9 expression at the bone-implant interface[] ]. J Oral Im-
plantol, 2016, 42(2): 138-144.

[20] Agarwal S, Deschner J, Long P, et al. Role of NF-kappa B tran-
scription factors in antiinflammatory and proinflammatory actions
of mechanical signals [J]. Arthritis Rheum, 2004, 50(11): 3541 -
3548.

[21] Ceccarelli G, Benedetti L, Galli D, et al. Low-amplitude high
frequency vibration down-regulates myostatin and atrogin-1 expres-
sion, two components of the atrophy pathway in muscle cells[J]. ]
Tissue Eng Regen Med, 2014, 8(5): 396-406.

[22] Boyce BF, Xing L. Functions of rankl/rank/opg in bone modeling
and remodeling [J]. Arch Biochem Biophys, 2008, 473(2): 139 -
146.

(i F139 : 2019-06-10)
(AR SC o BT



