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ORDT M KU RERKY AT
(OHE I 2 E WO E A R E I, WOt A f B A A S E N SEI =, T 5106315
M KR B s — I B BE B, Wk 515041, PP g KRR Be i BE Kvb 430078)

BE O T (SW) 155 CE S T4 1 (hAMSCs) 7ESAR A B VERT, MR AT LR 2 5, T e B b ik
A0KkV, 500 /%) kb FEARAMTFEK hMSCs, 3% SW 2L HEZH hMSCs 550 3L K A (HA) R 5 & RSN G3E 2 A, RAHH
i VUBE (SEM) R I 21 B 75 2 4 2 10 10 26 KA L. KF hMSCs-HA 3R & AR R L R, 0 F ARG 4 . 8 M 31741
2z PUBREROERRT. SEM MEE. Bl MERERR I G . RT-PCR K45 2% mRNA £k, 2550 L0, SW 4106 4140 i 5
HA AR AN A R A K R, L SW ALAN 7 WA 2 A i AR R S RS R N G, SW ALk m A 25
HHLULRG, o A HA BRI EAEUER: SW 41550 A1) hMSCs-HA #1534 Mol i 18 i ah 17 35 0k 72 S

(P<0.01); SW 41 hMSCs-HA #AE SN 4 J15 8 MR LEE5 % mRNA, 1A RAINITERIA. $275 hMSCs 4818 F R i

A E G 5 HA SRS SRR BUA N A SE e, &

J T TR U

LR (b A — BB (e 2 hMSCs et AL ik, wl

KEIA s NERER AN, FRIEREACL, ALUTRE, MEER

ZRH9ES Q81311

R BTN B A R A R WL )
FRGWNRIT Tk BIRE A, (AR I RIE
A B A LSS H . 75T s R R I &
TR, Urist 1 5G4 W 0 78 Al B /e B S k2R
HF A (BMP) I/E R R 0T 1) s BUSCERCE 7 1) 204K
IS5 B N AMR 2 25 8 A0S T T T 2 IR ER
R B I AN L A SR AT U A R N — ]
AN, Har S RIS — w15 SR E T Al ) R
BN, e, oo, g, R4
N G 21 TR 1 TR = 921 R 411
SR A2 7 7 o4k, phili & VAT W R R 4
AT, AR —Se R s e n] s gy
s, kPO AENLR],  mIAE S SE R
FM, WEEAERE I (500 K, 10 kV) AT REAA
HPEE IR N BBl AE 4 i (WMSCs) 19 5 2 73 Wik 4
i o i T = il 1 i AL N 5 e o v i
by NS BB b iV FH A4 R 8 3R 1) hMISCs
Jr SRR A AR (HA) Z4A, HABRAN,
WS IR P R 1 .

1 MRERE
1.1 hMSCs 1&3F

BRI T — % B, HERRARU I A
ML . 12 S5 DR SIOAE B 7 75 1 AR A T S0 Rl
HGAR, FAREE S, NHEEA 5 ml AR K
(1 U/ml) 1) 20 ml Jo R {3 55 25 W% 1 B fiE 15 ml,
SLRIVRAT, Bk kR AEEESE. 2% Majumdar J5 i,
B TAEG WEUEBEM 5 ml 8987 15 ml &
FEOE N, FIMASERN PBS MRS, AW
BROEWRETES), Eil N (1 000 r/min, 10 min),
2 LW, TG R PBS WEE, AT,
0 B A 4107 A /ml. AE B0 T e I
5 ml 1.073 g/ml [¥] Percoll ¥, 5K 5 ml 41 ffd &
WAl T IL F, 2.0 (1 000 t/min, 30 min),
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2 B3EWL ARSI B 4n e, i\ DMEM K 9%
WIEYE, B, RN, N DMEM 1 9% &
WETFANM, PR R R 1.6x10° A /ml,
BT 50 ml B3R, AE 37°C, MANERE, 5%
CO, B4 h i 1B RE 7. RO 3 & 8 A e W 42 4
M, 53 ORPESE, AR, DUSRR 3R
A, R0 PRETERUS 90%,  LL 0.25% 1 it
1 8 V1 A2
1.2 R IR A

JEAR AN L 0.25% 8 BV AL 5 i 4 i
BB RN R 1x109ml, E T 15 ml L
BN LIHEW, BEO. 40005 Jphipl kb FE 2
(SW ) HxFIA. RIS R g %, & Swd
W CIRE RS E T b oh e A AL, e AE
HAEE M (10kV, 500 ¥X) ALFEA0 0,
1.3 EfRaysLE

$ HA AR H% S mm x 5 mm x 3 mm 37518,
FLA% 200~500 pm, FLBRHA 50%~60%. 251 K
R MPAT IR MICAT, il iy FR 9 25 J5 R
WAETLH K D'Hank W 24 h, 46T, 3985 B
T B R WAE T & 10% /8 I35 () DMEM 1
e .
1.4 ZAAE¥EFRD

MM 22 i A PR IS, K SWZH ) FEZH 4 Jifg
BRI N TR AL B AT () HA #AA ) 24 SLIE TR,
FEAUIMN RN ARSE, 8592 BEMH Y = T HA ik
3 mm.
1.5 FAEEWE (SEM) ARSHAKEESHER

SW 4LRIXT ZH 40 Ml 5 HA AR & 5 R Ah R
7%, rul T 1. 2 JABENLECH hMSCs-HA 54 1k,
5 T 2.5%% W, RAIOK, HRREE, I
ST, RMEWE4)5 T SEM R M % hMSCs 7F
HA SR 5 FLER P 2R KA 0.
1.6 AABE

hMSCs -HA #h 5 & e s 5595 2 i, 1
W LRGP L, S50 % 0 30 HAREL, MEk
N 2% % B HE 240 (30 mg/kg) MRIE e, TS
T m P, 435K SW 4l 5 X% B 41 hMSCs

-HA ZE AR, BRI 3 &
&, RESRE TR =N ETE.

1.7 MIREWRAIFIC
TARJGE 3 FIFEANTUIEA 2 (50 mg/kg) T#R BUE

JE, dReRiFE |G s I AR AR, A B
F, TR0 W T WA TE BB R K 50
Fric.
1.8 XI5 SEM W2

TARGH 4. %8 Akwshy, B
hMSCs -HA 51K, PRAA B B, 6.
HE 410, 6B 5. SEM MLk A & T 2.5%)%
TR, RAINOK, IR, WSS, K
545 )5 T SEM R A%< hMSCs 7F HA #4410 1 %
GO
1.9 EIEREERES N E

REHFR AT S, E TN 0.2% NP40 %l
& R 0 (1500 r/min) 10 min, HC BT
7 L 1 R a7 kP Tk R T )
O FE S N e . RMIEE SR A, T
Beckman DU-640 736G L, W5 OB,
HR A 22 2 AKP=I 5& B WO JE / bR WO B2 ) x
0.005 mg x (100 m1/0.05 ml), H5-Hu I i i il 5 ..
1.10 RT-PCR 1l &$52% mRNA FRik

KRG 4 J15 8 MU A B k= &4, BHEEA
Z1. 3t17 hMSCs &t RNA $H, Wi gk, RE&5
fify % X J B (PCR) AT PCR P=4) FELIK. 15485 25 1)1
5%k 5" ATG AGA GCC CTC ACA CTC CTC 3/,
NUE 51 A 5° CTA GAC CGG GCC GTA GAA
GCG 3', ¥ #4774 % 303 bp (GenBank, X04143).
AT B-actin B3iF5 19000 57 GGC CAA CCG
CGA GAA GAT 3", Fii#51%)°h 5" CGT CAC CGG
AGT CCA TCA 3", ¥ 34 K /N4 168 bp
(GenBank, M10277). S5 it F 8RR 6 ¥ H 0.1%
DEPC A3 JF w2, I =it 180°C 1k 4%
4 h. V.| Eagle-Eye IT P&l 3C AL BE A A1 5 HL vk 4%
CREEIE, K SW A 5 X A E R mRNA 5
B-actin mRNA W & A I ELAELEAT ZE Tt 2% 3 #r.

P

2.1 SEM NEMBEHAESIHER

hMSCs 5 HA # ks 2 &8 9% 2 i),
SEM WL %% J I 4 Wi AE 80 Ak 2 1 AR K I 0 R 4, 4
i L B R R TR RN B AR FLB N, 4l )
SR B, 40 M Sk B ARG . SW 4L n] WL MSCs
S WA TR K S 40 W RS ST A7 A T 40 M S i 2 R TR, g xof
FEL AL A0 PR R 20 W AN I Yk (T 1)
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Fig. 1 SEM photomicrograph of hMSCs-HA composite
before implantation

(a) The HA surface of SW group is almost covered by flat cells as well

as a dense extracellular matrix 2 weeks after culture (Bar = 20 pm). (b)

The HA surface is almost covered by flat cells, but few extracellular

matrix than SW group 2 weeks after culture (Bar =20 pm).

2.2 MERERKIRIE

KJG 4 FPBSERT 1 BNV Z 108 AR N b
AT B, 96 e FEE, KIL SW 41 1]
WEILHO AR, PR AR E e, M A G
B T 2).

() (b)

Fig. 2 Undecalcified section of composite 4 weeks after
implantation under fluoroscopy

(a) Tetracycline labeling administered 4 weeks after implantation in SW

group, and arrows indicate new bone formation (x200). (b) Tetracycline

labeling line is not seen in control group (x200).

23 KEUWE

SW ARG E 4 AR V) HE 3 80 52 K
B, HA MRS FLER NG RS R, Hmmy i
BB AN, SR D, T ALk kR T S AL
B T AR R . RIS 56 8 Ji, SW 41 HA 2%
RIS LB N T A e 2, e 4 e e 1
S, XA HA Bk SR T S FLER P )k 21421
2, RNBCE A B (e 3, 4, 5).
24 FIEEBENE

SW 1% 4 5% 8 Ji HA kR A4t

BRI KR EE TS, ik AL

HA SRR 1) 58 R LT Y S5 A A Uk, AT LK

AR (A 6).

Fig. 3 The histology photograph of decalcified section of
composite 4 weeks after implantation (HE stain)

(a) Composite of SW group 4 weeks after implantation . Indicate active

new bone formation in the HA porous area (x100). (b) Higher

magnification of the rectangular area in (a), indicate osteoblast and

extracelluar matrix (x200).

f
Fig. 4 The histology photograph of decalcified section of
composite 8 weeks after implantation (HE stain)

(a) Composite of SW group 8 weeks after implantation . Indicate active
new bone formation in the HA porous area (x100). (b) Higher
magnification of the rectangular area in (a), indicate osteoblast and

extracelluar matrix (x200).

Fig. 5 The histology photograph of composite of control
group 4 and 8 weeks after implantation (HE stain)

(a) Fibrous tissue in the HA surface in control group 4 weeks after

implantation (x100). (b) Fibrous tissue in the HA surface in control

group 8 weeks after implantation (x100).
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Fig. 6 SEM photomicrograph of composite 8 weeks after
implantation

(a) New bone formation in the surface of HA scaffold of SW group 8

weeks after implantation (Bar = 17.6 pm). (b) Fibrous tissue surrounded

the surface of HA scaffold of control group 8 weeks after implantation.

(Bar=17.6 pm).

2.5 WEIHREEREEN E

RIGH 4 55 8 1, SW 215X FRZH it vk
BRI Rk WE 2T (P<0.001), 1 SW 4IAR
JEH 4 A5 SW LR G5 8 Ja I i MR - ik C Wk
FEZE (P> 0.05). TEWLE 1.

Table 1 The expression of AKP in SW group and control

group after implantation (n=30)

4W 8W
Xxts P xxs P
Sw 9.258 6 + 0.832 3° 93951 + 1.436 3"
group
Control ) 109 +1.5337 <0001 4.0715+1.0049 <0.001
group
P> 0.05.

2.6 RT-PCR #iE45% mRNA FRik
SW AL T ARG 4 5 8 J¥y vy K ) 15 45 %
mRNA (5 (K 7), T 4RI,

(b)

Osteocalcin Y Osteocalcin

B-actin LI B-actin

Fig. 7 The expression of osteocalcin mRNA was found
in SW group 4 weeks (a) and 8 weeks (b) after

implantation

R IR 5 N
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N R i D VA = = R L w4
(10 kV, 500 ¥X) AbHAKANEE 7 1) J5 A8 hMSCs, il
WA A5 Uk B R AW A =
mRNA [Pk, GF S8 s 9 o] g 2 44 o1 55 5% 41
) J B 5 TR 23 A0 g ) ot i A BE AT S e AT
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SRR A BT AR TR 2 AR LT,
W% SW 2H 1556 1 20 40 oA A4 o i VR

M5 HA ka2 &1 9% 2 MG, SEM
USRI, U MAE AR AR KIS A R A, 4
A0 AR T R RN BB AR FLBR . SW 4L nT WL
hMSCs 73 WA I K 5 4 B RS 0T, 1 %o e 4 40 i S
WANHA (2., BER SW 20550k e 20 40 o 7 s Ak e i 2E
KA CAMIA, $#78 hMSCs 5 #iih &2 4 )5 144+
BB A RAT b, Bl SW 4l 5 x5 A
hMSCs-HA & &R 7 s R vE e ity , R ILER 4
SW 21 5 0 f AL Bl tE i iR i 7 B &M E R (P <
0.001), %5 8 J& SW 41 55 x:f W 20 1 il M i 1R g R A
BEVEZRMP <0.001), 1 SW 415 4 J& 52 8 JH
WITEZE (P > 0.05). VYR FE 2 ehrid K, ARJEEH
4 55 8 i SW AL FR LK A Bk R Sl Sk
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Extracorporeal Shock Wave Promotes Postnatal Human
Bone Marrow Stromal Cells Osteogenesis In vivo"

HU Jun", XING Da"", ZHANG Ai-Bin?, ZHOU Jiang-Nan®
("MOE Key Laboratory of Laser Life Science and Institute of Laser Life Science, South China Normal University, Guangzhou 510631, China;
?The First Affiliated Hospital , Shantou University Medical College, Shantou 515041, China;
The Department of Orthopaedics of Xiangya Hospital, Central South University, Changsha 410078, China)

Abstract It is known that extracorporeal shock wave (SW) may promote healing of fracture. A previous study
reported that SW promoted human bone marrow stromal cells (hMSCs) towards osteoblasts in vitro. To study the
osteogenesis ability of hMSCs treated by shock wave in porous hydroxyapatite (HA) in vivo, primary hMSCs of
SW group and control group were cultured in the porous HA for 2 weeks and then implanted into subcutaneous
sites of nude mouse. These implants were harvested and prepared for the biochemical analysis of alkaline
phosphatase activity by AKP kit, histological analysis of decalcified and undecalcified sections and morphology by
scan electric microscope (SEM), as well as osteocalcin mRNA expression by RT- PCR 4 weeks and 8 weeks after
implantation. It showed that cells of SW and control group almost covered the rough surface of HA before
implantation and the extracelluar matrix of SW group was abundant by SEM photomicrograph . The histological
analysis and SEM photomicrograph showed active bone formation 4 weeks and 8 weeks after implantation, as well
as tetracycline labeling under fluoroscopy analysis in SW group. Alkaline phosphatase in supernatants of the
implants detected 4 weeks and 8 weeks after implantation in SW group was higher than in control group
(P<0.001). The expression of osteocalcin mRNA was found 4 weeks and 8 weeks after implantation in SW group.
The results suggest that postnatal hMSCs treated by SW could form bone tissue in vivo using tissue engineering

technique, and this new method would be applied in the field of bone tissue engineering.

Key words human bone marrow stromal cells (hMSCs), hydroxyapatite, tissue engineering, osteogenesis, shock

wave
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