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[ Abstract] Objective To explore the effects of ultrasound-exposed microbubbles (UM) on the expression of
CXC chemokine receptor 4 (CXCR4) in bone marrow mesenchymal stem cells (BMSCs) and the mechanisms involved.
Methods Mesenchymal stem cells were isolated from bone marrow taken from male Sprague-Dawley rats. They were
divided into a control group, an ultrasound (US) group, an ultrasound-exposed microbubbles (UM) group, a UM plus
catalase (UMC) group, a UM plus AMD3100 (UMA) group, and a UM plus anti-CXCR4 antibody (UMCX) group.
The control group was not given any treatment. The US group was treated with 1 MHz ultrasound at 1 Watt per square
centimetre for 30 seconds. The UM group was treated with ultrasound plus microbubbles. The UMC group was treated
with catalase, microbubbles and ultrasound. The UMA group was treated with AMD3100, microbubbles and ultrasound.
The UMCX group was treated with anti-CXCR4 antibody, microbubbles and ultrasound. Quantitative polymerase chain
reaction (qPCR) and Western blotting were performed to determine the levels of CXCR4 mRNA transcription and the
expression of BMSCs in the control, US, UM and UMC groups. Immediately, 5 minutes and 15 minutes after the inter-
vention, fluorescence intensities were observed in the cells labeled with Fluo-4/AM of the control group, US group and
UM group under a fluorescence microscope. Migration assays were conducted to determine the chemotactic ability of the

BMSCs with respect to stromal-derived factor-lae (SDF-1a) in all six groups. Results No significant differences were

DOI;10.3760/ cma.j.issn.0254-1424.2016.03.001

PR FAAL: 210009 50, AR S B R IR e O R (BRI BB S0 TR D IRHE AR AR L) 5 YT AL G IS e
SEBREERE (R IPE)  A5F R 24 Wb v R BE B Je s 20 B (B S5 AR 1)

WAE/EH . w5, Email : jytong88@ aliyun.com



- 162 - AR S 2 5 R 2 2016 4F 3 A 5F 38 %45 3 ] Chin J Phys Med Rehabil, March 2016, Vol. 38, No.3

found in the levels of CXCR4 mRNA transcription and protein expression between the US and control groups(P>0.05) ,
but the levels in those groups and the UMC group were lower than those observed in the UM group. Fluorescence in-
tensity in the cells of the US group was not significantly different from that in the control group (P>0.05) , but those
levels were both significantly lower than that in the UM group (P<0.05). There was no significant difference in the
number of cells migrating to the SDF-1a between the US (22.4+2.2) and control group (20.5+2.3). However, the
number of cells migrating to SDF-1a in the UM group (53.1+3.8) was significantly larger than that in the US group,

the control group, the UMC group (35.2+3.1) , the UMA group (32.5+2.8) and the UMCX group (30.7£2.9) (P<
0.05). Conclusion UM can increase mRNA transcription and the expression of CXCR4 protein in BMSCs, and

promote BMSCs migration to SDF-1a. This may in part be mediated by an increase in calcium influx.

[Key words] Ultrasound-exposed microbubbles

Bone marrow mesenchymal stem cells;

Calcium ion

CXCR4;

Fund program : National Natural Science Foundation of China ( grants 81070083 and 81070265) ; Jiangsu Prov-

ince Natural Science Foundation ( grant BK2012338)

AT ATk, 5 T (ultrasound-exposed microbub-
bles, UM ) #5328 ¥ I FH s 1L 45 95 9 Y 3R 97 4o
ZMST%@?H B 4 B, 7 (ultrasound , US ) £ )1 iaa
R Y mT DA AR o B 6 18] 38 5 T 48 2 ( bone marrow
me%enchymal stem cells, BMSCs) [a] & fiL 0> AL %) #2 [m] U5
BB O RS DI EE, $27 BMSCs (RS RE LR >,
Zhong 25 F1 Xu 250" 15 2S5, = UM $
X BMSCs FAH 1T GE 5 Jay 41 6 40 1L A8 1A B (8] B 1 5 4
PRIZEA S HEABLH & UM Xt BMSCs 19 B4k
Ve i i — 2P e
TR AT A A F- 1o ( stromal cell derived factor-
la,SDF-1a) /CXC 2410 F 32 & 4 ( chemokine CXC
motif receptor 4, CXCR4) {5555 J& K F BMSCs 677 &
PO U FE Y 60 BMSCs #9 CXCR4 #3534,
A RIEE BMSCs A S5 Ry df e fiCo WL, 683 708 =6 48 it
R RERG N LA AR BE DS i — P GRS 0 )
e SR BFST R W], BMSCs H@WE’J%%?(&V“
i, Tﬁ H & CXCR4 HyFRAAK TR =, AR5
L A AN B EE UM X BMSCs CXCR4 A (54
FEERTH A AT RERLH, 5 7R UM 32801 48 M 1
Tl AR ST A B ARHE

MR 57HE
— S B K

B I 4 TG 45 22 95 SR ( specific pathogen free,
SPF) 2% Sprague-Dawley (SD) K5 10 H, ¥ H pd 52 =
BEREESLI s oS B AR SC I 2 AR KA s W Ik
PRV T 22 5t et E AT . R AR B ol
FERED Fluo-4/AM (35 Invitrogen NG fg) .CXCR4
Pifk (€ E Santa Cruz & & 7=) . CXCR4 #% $it 7
AMD3100 }% SDF-1a( 35 [ Sigma 2 &) 7% ) | Trizol 51
(5‘%. InVitrogen /A\\ﬂfn)

= KF BMSCs TR5My 88 i3 s e
VHAREE 2020 120 ¢ WHEM: SD K EAASEH S, 55

ot PR AR 010 0
buffered solution, PBS) {FF HE
Ficoll- Paque O B A B0 A W AT E Ah
i, Ve e AT R SR YR B B] Dominici 45
$& 9 18] 75 5 1 40 B ( mesenchymal stem cells, MSCs )
YoEbnife B IR 25 3 RUAEK R AR BMSCs (80
KoM 10%) , 43S m A BT BTIA CD34 . CD45 . CD29
CD44 , B Wb 7 P X B B F ok B B 5,
PBS PEER AR G5 AR, R i A0 A T A
= UM Fikb#
U R 245 3 0. 4 70% Rl 5 IR 5 B9 BMSCs, ¥
HAY R X B4 US 41 . UM 4 . UM + i S fk & i 40
(UMC ZH) . UM + AMD3100 41 ( UMA 4 ). UM + #T
CXCRAFTIRLL (UMCX 4) , XFHRZH A THEERAL L, US
ZHoR MR 1 MHz 38 %8 1 W/em® (1) US 48 18
30 s; UM Zfn A0 (244 B2 R 10°/mL) J5 R F iR
SR US 808 30 s; UMC 2 A i B AL Ul ( 0k %
1250 U/mlL) FIff (28R 0 10°/mL) J5 47 Bk S
B US 488 30 s; UMA 410 A AMD3100 ( 249 )% R
10 pmmol/L) A0 (LM BE S 10°/mL) 51T iR S
B US #5830 s; UMCX ZH A CXCR4 Bk (ki
A1 200) D (LR E R 100/ mL) 547 ik S5k
) US 4 8 30 s, UM Ti4b B BMSCs 7 & A, 3 I
Bl 1,

K IR ER 2% W ( phosphate
B, A A AR R

B RER
fBocE
—— LR SR
—— 4
—— EERL
«— K

B 1 UM ikt B BMSCs 2~ =K



AR PR A R A 2 2016 4F 3 H 45 38 547 31 Chin J Phys Med Rehabil, March 2016, Vol. 38, No.3 -+ 163 -

MY 2K gPCR FH A E BMSCs CXCR4 fi) mRNA
K-

FH Trizol 7 HEHLANME AL RNA |, 33655 5% R cDNA
AR &, BAREBRES Rt Bk, e
Bio-Rad /A H] 7™ MJ Mini Opticon FISZHf PCR {47 7%
ST PCR ¥4, 455t o Ar 8 B sk i ge it A
2. 51 % JF 5. acin mRNA F % )% %1 K 5’
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Y1 K /N A 353 bp; CXCR4 mRNA F 1 % %1 N 5
GGGCAATGGGTTGGTAATC3’, CXCR4 mRNA R 9%
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FLBEPLZE+F 6 > 40 il WL ¢ 57471 B, ] Image-Pro Plus
6. ORR 73BT B4 2 1 240 L 1) 2 DI BE AL, DAl
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Zh S 10 min, TE'E BB T LR, REHLZEER
10 LS HEF T4 T4,

VAR W2 =29 R 7N

SKHI SPSS 17.0 W4t it 22 % £ s 6 47 b 3

THEBORER ] (x2s) LR AL Z 18] LR ¢ £
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99.34% .99.35% ; CD34 . CD45 ik S BAE, BH M F 4
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f y US 2 BMSCs T 5 Bl %] .5 min 15 min AY%5 2
F(Fluo-4/AM %64, x400) ;2. h.i i UM 44
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