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[(RE] (EHEER OV A (Low intensity pulsed ultrasound) #3BAET®BAEL BT OB L A
CHOSRTHW LD, T OEREFIITHTS 5, SEEL &, Bk (MC3T3-El) 1L il
FPORIB 2 BRZ 2P TH 2. DNA AERERHIE U @Rl 2K, 7-#iia%is & O Alkaline  phos-
phatase (LU ALP LB&9) YEHEORRHZAMLAHIE T 2 & & b 12, BRFEIA L 2815 U € SRl
BRI BT 3 B DWW THRET L7z, & 512 reverse transcription polymerase chain reaction (ML FRT-
PCR EMEY) )G afTv>. Osteopontin, Transforming growth factor-g8 (LAF TGF-8 £#§9) @ m-RNA @

FEERE LTz,

i3 C &I

BB B3 2 W5 1871 2D WolffV?
IEZERILARE . B3 & OBIRERE N7 & OB
R BV F IR & U CBEEMIgE A . AR
EHUEICE B & TRR RIS R 3T 0w 5, Biokt
T HESAREE LT, 1953 FEITFA &9 03 FIc EA
ZhNZ % & MHADSEARI . MElDSBE I AT R S 0D
FEESEHROMES 28 2 | BB 2 (8 X
DI EWELICOBBRITH 5, LHE (ERY,
B, IEH i) 1B WT b BB BT
Bc 5.2 2B DOWTEHRE L T X T2,

1983 £F12 13 Xavier"® 35 X UF Duarte® 1= Xk 0 . JE%
AR T OFEE I SV AR BT IR LT
Th 5 LRE SN TLER, AR T OV 2 HMaBE
HICBAEEH T OB L CTIA e s &
D27 o Tz BTS2 1Z—FE D mechanical
stress TH D | BHITEEGEIRC B U 5 NECE a1
T2 (endochondral ossification) WZ/Ef L TIRE TR %

RELTWE EFZ 5N TWw A, ZDIFFRKFEILE
PR ENZ 0, &7z, BRIGH S T 58350
HEORIBEFIET—ETHY . BER2EES ¥ 2 E
TFREEE EPHS D TRVOPEIRTH %,
FRIEA BRI (MC3T3-El) ki L
T, BEPRE R 5 T5 2 DNA AEHEZHI
iE UBBRNESE 2 R D . £ - M5 L O ALP IE
TEDORRFZALZHIE T 5 & & b1o, TR (LE
% U CHEEEARNE B BIZ T8I v
THEET L7z, & 512 RT-PCR i 217> Osteopontin,
TGF-8 ® m-RNA OFE 23U 72,

WIS L UFHE

1 fEferssE

EBC &, BYLERITET & D 5% 5207 Bl
FRAlfEbk (MC3 T3-E1) 2B L7z, Rl 1981 48
I Kodama'® 512 & V| C57 BL/6 B~ 7 ATHHE
W OFE ALPIEIEZE Y 54977 n— v 23R T 2
RIZE D 7 v —Aban, BFMBIDSERE R 7R

2002 4F 11 A 20 H32ft, 20032 A 5 H=ZwM
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L T\ 2 MO EERHIRE A DS EREIZIE < | BPEZEFE

AR Ok % 3 2 Mgk Td %2, MC3T3-El
SR (SRR EE Tl ALP SEIEILE < . BRI
FELLOME #7753 A, confluent [Z7¢ 5 & ALP 1M
BERICEENNL . in vitro |2 B W CITAKAVEEE 2T
BT AHEEERHEREL T, & 51 confluent D S&fF
T 40~-50 HIEMERE 3 % & . AIKALEE NI E IR
VI S R IRE RS THEUORSE 2K T %
HEEET 26T %,

[E#MRE % 10% FBS(Sigma). Penicillin-Streptomysin
(Gibco BRL) ¥/l a-MEM B (Sigma) 12T 37°C,
5% CO, ZAE T 0.05% Trypsin EDTA (Gibco BRL)
THBL . MRESEET > 120 EBUTI passage 7~10
PERLTz,

2 EEERRIEEEE (Fig 1)

BEIRNEEEE X, VA4 RSB EDREE %
Wiz, REEIEHIISAEE 13 Function  Generator, Pulse
Generator, 4 ¥ 0 A3 —7_ NT—7 7 5fides &
D 72 0 frequency (&% %0). intensity (R & H J7).
pulse repeatition frequency (&0 K U, pulse
burst width (/N—2 M) D 4DDNT A—F—%H
FICRRE T & 2RRICEET ST 5, EEERBIIES
By — LV ERETV— FOERK DTV, IR
2053 & Lz,

3 DNA &HGEENAIE (Fig. 2)
96 well microtitreplate 12, 1 well H72 1 3.0X10°/

Fig.1 Ultrasound stimulator

AT 34 BRI N3 2R SRR O
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100 g1 DO 2 FEFE U 24 IFREIRERE U 7o, SIS RS
HE LT 0.3% BSA VRN «-MEM BEHI T & 512 24 ¥
572 L. sub confluent DIRRE CHEFFABL A 20 53
TR o7z, ZRBEERRBIE. 1) A%E; frequency
% 0.5MHz & L. intensity % 10, 20, 30, 40, 50 mW/
cm?, 2) BEE; frequency % 1.0 MHz & L. intensity %
10, 20, 30, 40, 50 mW/cm?, 3) C Ef; frequency %
1.5MHz & L. intensity % 10, 20, 30, 40, 50 mW/cm?
LSRR T o7z, 7z pulse repeatition  fre-
quency 1% 1.0 KHz, pulse burst width i3 200 gs & —7E
& L 7z, DNA & ke @ #ll & I ¥, 5-Bromo-2'-
deoxy-uridine'? (LA T BrdU & W& §°) Labeling and
Detection kit Il (Roche) % L7z,

A I EHE 1 BrdU % 10 gM/well GRinL. 37
"C, 6 BFHA v F 2 RfTo Tz, PR T0% =5
/—)/0.5M HClIZ T —20°C, 30 HEE L. P
# Nucleases 100 yl/well Z 1 2 & 512 3050 fH A >~
FaN— N B{To 7z, Yt Anti-BrdU-POD 100 1/
well /12 30534 > F 2_— b L, Bk perox-
idase substrate ABTS 100 y1/well ZH1Z . HiRkICTE
RIS % M To HIEIX 490nm 21 7 7 LA E L, 405
nm TOY > 7NV ORSE % microplate reader (MPR-
A4i, TOSOH. Japan) [ CHIE Lz, =B, HIEMHE
EOWTIHHREEZAWTHEERE Z1To 7z, %72
DUFO%EETlX. DNA GEGEEALE TR o Mk E O
AT H B frequency & intensity 12 CTERBREITo 72,

Ultrasound stimulation was applied by varying the frequency from 0.5 to 1.5 MHz and the intensity from 10 to 50 mW/

cm? of the ultrasound stimulator.

(2)
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Fig.2 DNA synthesis

The ability to synthesize¢ DNA was measured with BrdU

4 TEREFHVEIZES L UHElagnZ1{t

EZ35mm D ¥ v —L 12 10X 105 D #f fil % £ fd
L. 24 [RHIRSR U 7o %% 20 S s 21T - 72, 48
BRI L, DNAERRED R EDEMETH % fre-
quency 1.5 MHz, intensity A0W/em? £ Utz, HRETH]
B L OIEEHE 30 53, - 12+ 24 - 48 IR O %
HIFEL . 0.004% b Vo8> 7 —Fem A 4T IEkEHE
I X é%&lﬁ@%ﬁz@?ﬂﬂi BiTol, E7c. BEHIB L O
F2 30 43, « 12+ 24 - 48 [KFfHIEE OO LAHZE
AR X B 4’5‘%%% E{To 72,

5 ALPEM4DAEIE
EE35mm DY+ —1 12 10X 10° O il % 7 FE,
24 IRFRTEERE U727 H 14 HRE S s 2170 g
ST, BL U 14 HE T2 HB SRR ALP M
DWTE 21T > 7z . B ERI L . DNA GREED IR D
AT H 5 frequency 1.5 MHz, intensity 40 W/cm? &
L7z ALPIEPEDRITEIZ 1Z . Bessey-Lowry 1512 [ZHE L
TEHIEETH LT VA VERA 7 7B-T A bV a—
(FDEHESE) 2 vz,
HHRE %2 PBS 12T 3 [BI¥EER L 7215,
CCHERT 2 HIEEL . 0.5% Triton X100 %A 0.1 M Tris-
CLUBHER (pH7.8) %Nz, HHEE Ry 7 A
P TR 30 O H BALE % 2 [\lT 7% 5 7z,
12,000 rpm, 4°C 2T 10 S LAHEL . _LiE 2 EER
WeLTZ2D ALPIESES L O EHEZHIE LTz, 0.1
M carbonate buffer % fll 6.7 mM  p-nitrophenel-
phosphat 23 & U T [FEERFHER 0.5 ml ICBERTR

rubber policeman

005ml 2Nz, 37°C T30 S 72, 01N
NAOH 1.0ml 21z Rt% kD RIGERYITH %
p-nitrophenol & % 490 nm % VY 7 7 L A & L T, 405
nm TOY > 7V OWSEE % microplate reader & Tl
E L. e b L2 ALPIEEREH U7z, ALPIE
PEIXEEERE D & > /87 I CTRIE™ L, nM/min/
mg protein TR L7z, 2B, HIEMEIIZ DWW T tE
RO TEEERE Z1To 72,

6 Osteopontin, TGF-38 @ m-RNA FIHMDAIFE

B3 mm D ¥ vy —1 12 1L.OX10° O % 718,
24 IFHIREEE U 7o, BEE ORI 21TV, 0, 3043, 1
2, 24 IR OMIB 2 U 7z, BEE R, DNA
EREED IR D Th % frequency 1.5 MHz, inten-
sity 40 W/em? & L 7z, Osteopontin, TGF-g ¢ RT-
PCR K %#{T72\>, mouse GAPDH #% internal con-
trol & LT m-RNA OFHE LTz,

1) total RNA isolation

RNA isolation Z & TRIzal Reagent (Gibco BRL)
= a7z, Milfldz PBS 1 TEHER, TRIzal 1.0 ml %1
Z rubber policeman 12 Cffiid % HIEfE L . pipetting 12T
N & e . ERIC T S REA v F ax— b 2175
725 Chloroform 0.2 ml ZhNz . 334 > F 2 ~— b
# 15,000 rpm, 4°C 12T 15 5350508 L RNA %43
., Isopropyl-alcohol 0.5 ml 212 10431 > % =
A=, 12,000 rpm, 4°C 12T 10 53R 045 BE L
RNA 2y & &7z, Ky L7z 75% Ethanol 1.0 ml %

(3)
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Bz, 8,000rpm, 4°C 2T 54rfliE 0o 2773w,
RNA pellet #4372, RNA pellet % DEPC ZKIZ#
L . LR 2 W T total RNA EA2EH L7,

2) RT-PCR )%

Advantage RT-for-PCR Kit (CLONTECH) % MH>,
total RNA 2.0 zg % ¢cDNA synthesis IZ V72, RIS
5N 7250 ul D cDNAEEY) % Lets go PCR  Kit
(Sawady) 12T PCR Kz %1T> 72, Primer QA1
Gene bank X D #% L 7z mouse m-RNA sequence
Y . HYBstimulator (Funakoshi Co.) %MW TIERL
7o Z DIFEMHNIEILLT O#EY TDH %, mouse
Osteopontin ; (sense primer) 5-GATGAGACCGTC-
ACTGCTAG-3 ., (antisense primer) 5-CTTTAGTTG-
ACCTCAGAAGATG-3, mouse TGF-g8; (sense
primer) 5-TGTACGGCAGTGGCTGAAC-3",
(antisense primer) S-ATTCATGTTGGACAACTGC-
TC-3, %7z internal control & L T® mouse GAPDH
I¥ Maxim Biotech Inc. Zf#Fi L7z, PCR O#4lEIZ.
Peltier Thermal Cycler-200 (Funakoshi Co) % Fw>T
denaturation94°C 543, 94°C 30, 55°C 30 ¥, 72°C
40 7% 40 cycles, extension 72°C 5430 TlTo 72, 15
517z PCR EY)IZ 2% agarose gel FCERESIKEI 21T
W, R7vA4 FigEE1T-o72

& R

1 DNA SREEDRIE
1) AR (frequency ; 0.5 MHz, intensity ; 10, 20,
30, 40, 50 mW/cm?)

control 1Z 3} L 10 mW/ecm? T 1.07 f5. 20 mW/cm?
T 1.09 2, 30 mW/cm? T 1.17 5. 40 mW/cm? T 1.27
fi5 & DNA BEGAEDIEINZ7E D . 50 mW/em?® Tl 0.98
fis & DNA SEHEIHIS LTz, &7t
WXHH S e BRI ko 72, (Fig. 3-a)

2) B#f (frequency; 1.0 MHz, intensity ; 10, 20,
30, 40, 50 mW/cm?)

control 17 X L 20 mW/cm? T 112 f%. 30 mW/cm?
T 1.06 %, 40 mW/cm? T 1.28 f%. 50 mW/cm? T 1.12
ffs & DNA BEAEDHINZFRD . 10 mW/em?* Tl 0.96
fis & DNA BEARIEIIHIS Tz, & 7o#taT R
iX intensity 40 mW/cm? |2 B \» T, control B L O
intensity 10 mW/em? I3 U T 1 % OfEBE THEZE
ez, (Fig. 3-b)

FRT 3 % BHHRERNAR 0 2 R T S R O e

— [958 —

3) C#f (frequency; 1.5MHz, intensity; 10, 20,
30, 40. 50 mW/cm?)

control {Z f L 20 mW/cm? € 111 5. 30 mW/cm?
T 128 £, 40 mW/cm? T 1.40 5. 50 mW/cm? T 1.23
fi5 & DNA GEBEOHEINZFED . 10 mW/cm? Tl 0.97
fz & DNA SRERIZINHI S Tz, HEEHFRNICIE
intensity 30 mW/cm? 1 C control 123X L 1% DfE =
THEZZHWTz, F7 intensity 40 mW/cm? 1235 1>
TI&, control IZXF L 0.5% DEMFE CHEZE Z# .
intensity 10 mW/cm? 123 L T 1% D& THEZE
Zidbiz, (Fig 3-)

2 fHERE DL

A P G 2 IR C I, IRETREI 2.54 X 10°, JEI
HIEIE 2.73 X 10° OHIFELSFESD &, T 12 KT
VEIBESERE 3.96 X 10°, FEHRGIHEIL 3.98X10° L4y 2 %
L Tadee & S I IR 48 IREH . RIS
511X 10°, FEHEETEEIE 5.18 X 10° DI FRD & iz
3. WEERE. FEIERE L B IC R CORSERHZE U T
M B & 2y B B ITRED S o 7z, (Fig. 4)
F 7o, PIAHZEVEMER I L D TEREEIE I B W TIE b U
> TN TY & B IEIRAND I R, FEHRERE &
YIRS EEZE I > 72, (Fig.5)

3 FREEAIEIES

NAHZEEMER I & 2 PREEZE Tl RETRE. FERSY
BRI EEE I B R O MR WfEsSE 2 L.
HEERE O R 2 B L T B2 CBIEROES | %
ARERIZ 72 D | confluent 2 IXHIfERIEE i % 5 72
KCEEZ 2T 28007 5, TE I S 2 il i
oz, MR OZ LIEFED S s o Tz, (Fig
6)

4 ALP EHOAIE

ALP yEMEE, TRESEE, JERGHEILIC2HE LD 14
HH % ToREH PR ImER 2R L BEETIR
% 14 H H 1 374 nM/min/mg protein O 5 5 fH % &£
L. FERSHEEC b ARCHEIE 14 HE W 312 nM/min/
mg protein & IxEEEE LTz, MEEHKT 5 & |
56 H H AR IR EEED A B IERET Ic L L Tawe
ALP iM% B2 L Tz, fatErncid, a8, 10, 14
HEIWIZBWT 1% OREBERCHEICHEEEZRD 12,
(Fig. 7)

(4)
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(Rl ;% B%/control B¥) mean=+ SD (n=18)
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Fig. 3-a DNA synthesis
(A ; Frequency : 0.5 MHz, Intensity : 10, 20, 30, 40, 50 mW/cm?)
No significant difference was recognized between the irradiation group and the non-irradiation group.

(B B/ control B¥) mean=+ SD (n=18)
1.6 L
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Fig. 3-b DNA synthesis
(B; Frequency : 1.0 MHz, Intensity : 10, 20, 30, 40, 50 mW/cm?)
The ability to synthesize DNA increased significantly compared to the control, rising to approximately 1.27 fold at a
frequency of 1.0 MHz and an intensity of 40 mW/cm?.

(B E¥/control ) mean= SD (n=18)
%
:: ‘ X% — 1 ¥ P<0.01
' * \ ** P<(0.005
14
1.3
1.2 T

1.1
0 1

0.9
0.8
0.7
0 10 20 30 40 50
(mW/cm?)

Fig. 3-¢ DNA synthesis
(C; Frequency : 1.5 MHz, Intensity : 10, 20, 30, 40, 50 mW/cm?)
The ability to synthesize DNA increased significantly compared to the control, rising to approximately 1.28 fold at a
frequency of 1.5 MHz and an intensity of 30 mW/cm?, and 1.40 fold at a frequency of 1.5 MHz and an intensity of 40
mW/cm?

(5)
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( X 10 /dish)

—a— stimulated

5.0
—— control

4.0

3.0

0 30min 1h 2h

Fig.4 Cell numbers

AR A3 4 BRI 9 2R T o O 2

12h
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mean + SD (n=5)

48h
(Time)

24h

No significant difference was recognized in cell numbers, between the irradiation group and the non-irradiation group.

b

Phase-contrast micrographs of MC3 T3-El cells on Fig. 6
trypan—blue

staining

a: non-irradiation

b : irradiation after 12 hours.

No significant difference was recognized on trypan-blue

staining, between the irradiation group and the non-

irradiation group.

Fig. 5

(6)

b

Phase-contrast micrographs of MC3 T3-EI cells

a: non-irradiation

b : irradiation after 12 hours.

No change of cell appearance was recognized in the
irradiation group and the non-irradiation group.
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(nM/min/mg protein)
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Fig.7 ALP activity

Fol# Hi3s

mean=+ SD (n=5)

* p<0.01 “
%
%
8 10 12 14
(Days)

From day 8 of stimulation onward, there was a significant increase in ALP activity in the group exposed to ultrasound

stimulation.

5 Osteopontin, TGF-3 ) m-RNA FIENBIE

TGF-BIZBW T Id, HEFMIESE | B »T
FEBAMEIN L CuaTens, 2R, 24 BREH] & W L T
7zo Osteopontin TIIHEEF IS EL 1 KFE & D FEHO
BEMASTESD © AL, FUEREE 2 1P, 24 IRFfHE] & [RIBRD FEEL
ERLT Wz, (Fig8)

% o

BEWIE. PEk & DR RO, TR v
SNTEIW, B o255, %
ZHNEAY 5 212 02~100 W/cm? o H 719101719 ¢ F
WHN, BRI SN2 5E1E. AR E ORI,
BE. OMREER LT 08~150 MHz OFIPHIT, %72
H 7 R o0 i % BE VT % A1 0.5~50 mW/em?)'
DOFPHTHW STV 5, BINAEIC B T 285 A
WoOBERNEE., Xavier? B X OF Duarte? A3, {ARIfHIIC
XL C 30 mW/em? & K HS T o0 B8 BRI 2 1T .
70 % DIEFNCENTH o1z LG LI DOBRAIITH
5o FEEHITO2ETMRT A 2B W TiE, Heck-
man?9?) |3 g B R g ricd LT, & 7z Kristian-
sen?? 3B AL E T IR UC B 1,5 MHz, H
7730 mW/cm? OFEEF RV, & b ciaRIHM
DI 38% JEfE S iz B L,

SRS OERRERE £ L Tlid. In vitro DFFLEIZ
BT Wu® [ ZHEHIRTIC 381> T aggrecan mRNA &
DNA f5&EE OB & CHIFEHN D Ca DA D
TLHER RS LT H D | Ryaby?92920 (3 EHIRT. B2

JRMIE D 2 IF SRR R I B U 2 e
D Ca uptake DFLADILHE, D F D Ca A7
MBI R 2 1EE LT 2 "Rtk % . %72 PTH X
T % [t TGF-g AR OMNz#eE L T b, F7z
LN FERGRIBR O BITERC B T 2 EHEF L LT
. IER 5999 1% DNA &EHES® ALP &M, TGF-8
EECOENN, A Ca ADIEEE, 74 71 a5 —~7
CEEAREDMEE, A A T A A vy v EAREOIIR]. M
BISANDEE/ NI DEENI72: £ 2 LT B,

T FRERZD?929 12 BT L, Wang®® 17 v b KRR
BHEHE T MTBWTHST 30 mW/em?, EFEC 1.5, 0.
5MHz I & 2 EEE R =T B 21 HE
W RENEREICHENT 2 LG LT, £72
Pilla®V®2 13 HESKAROPFEETID €7 MB W T, L
5~45mW/cm? O S TR D H 71 X % S R =
TV, ZOJ1FHIEE % control & il U 7255, 30
mW/cm? S D3R DOWEHTEREE %7~ L7z Lk Lz,

BICA BB BT BRIET BRI S x £
DEITERFICIL S v 6T 2 88 EITRIESR
VL R 1,5 MHz, 7 30 mW/em? & —7E O
PSIVAERT 5 HDTH B0, BRI BT %
RO TIREE WO OFXHEIPHIE. 30 mW/
em?~1.0W/ecm? DI H YD . £72 1.5W/ em? LI ET
AR 2 LT T LR ST 5999,

PLEDORRIZ ., BGRB8 2 BEE R OB R
V. N in vivo IZ B B H DFIFHIEERE DYEEE & e
U 72 BRI FEIC EE DN T W B8, in vitro W B W T

(7)
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TGF- 3
a
<« 541bp
— 30min. 1h. 2 h. 24h.
Osteopontin
b
— 30min. 1h. 2 h. 24h.
. GAPDH

— 30min. 1h. 2 h. 24h.

Fig.8 RT-PCR
a: TGF-p
b : Osteopontin
c: GAPDH
In TGF-3, no expression of m~RNA was recognized in the irradiation group or the non-irradiation group. In
osteopontin, the expression of m~RNA was recognized at I, 2, and 24 hours after irradiation.

( 8)
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DNA &RKEEIC & 0 S HARROBR: 2 M5t L /-3
FHEFED SN, SEL BEAICHERD THEL ST
% L b 2B EE R R 5 2 . DNA &
BEE & D i RO T & IR e L, Mlasce e
U BTNl OBETERE I 5 2 B 58 D W TR L 72,
S oI, HEEEARE B ALP G RER
F. BEEHY NI WCEZ BB DWW TR LT,
({EH FBERRE ) DNA SRS & USHRRaIETE (I
KT HE]

DNA &R DOHIEIC AV /2 BrdU 1%, R B
WT SHIT®H %2 DNA GO D DNA 2HL D
AENLHEEE D> THBY ., DNAEED L  13HHf
BT v A DIET A Y b —THIREETDH %,

R E R 2 DNA SR, RS
1.5 MHz, /7 40 mW/cm? DZFIc B\ TR b BEAIL
TWwieh TIITEWIERIC B W TE O I2ERBRE I
EOWTHREICED SN BEWEME L ITIF—F L
Tz, 512 DNA SEEEIE. control 123 L C R
#01.0 MHz, 77 40 mW/cm? I BT 1.28 2. s
1.5 MHz, #7730 mW/cm? 12 5T 1.28 %, IR
1.5 MHz, 40 mW/cm? 1238\ T 1405 &L <8
D, —EDHEHHANORBEL NI CREE IR
X DNA G EEEL T3 EF 2 57z,

MBKEHE# I & 2 B OHE B WwTid, BE
BEL JEMEETRE L b icHfEsuc B EE IR sk s o
T2tz FEEERRENC X 2 MfaEsErE R B U i
ESND EHEZ BTz, MEREFEIZ LD DNA &5
PMEREL TWB 22 H b &9 MfEE0EssimL 2 »
WSROI U, ZOFEREE LTt
MOFERS 7 R b — Rk ENFZ iz, (iFAEE
WHIC X D FERBEZEIC BT MY S T =T
Bk DICUI X HRATRE, FERESRE L bR s n e
BEERIEL ST TOBENTH o7z, PIEITX D,

HE ORGSO DNA SE 2 (et 2 58, i
B IBBES LW EE 2 ST,
B SIBEZRREHD ALP SE4%IC KT 4 52

ALP X BIEMlE CrEA S N, BRI BT~
ST RO YIAC HL T 2 b~ —h —TH 3,
IR TRBE RO B 5 ALP G ORI ZE 0
BT, REGHGE 6 HEH 72D 5 ALP DY
IS EECEE D . DIRIRETED oIt L
TRV ALPEMEZ 2 L Tz, 2 BRI
&V B IE AR Ok 25 3 5 MC3 T3-E1 #fl
He2s, B & U CoEEE B o Efiig~ME L T

1l

Folk B35

WL EFZ 6Tz, L L, BiCHlEEE? S
EFoTWARZTOHBEED B S, PLTERICB WL
T RT-PCR & £ % Osteopontin ® m-RNA O F& i %
HRET L7z,

(& H ST RB =R @) Osteopontin & & U TGF-3 (2
ylEan-2)

Osteopontin (& "HEFfESEAE L B EREEEN
WKEEnsHEa 7 —7 R T, BEE Y E
~AHMET 2R T ALP X D b BREICHIA T 2 9k
Y —H—THY ., TGF-A, IL-1, vitamin D 7 2 &
D FEHHMEES L, PTH I X W HIfls 3, 204
HERNE. ARIETAPAEIHATF & L@, FEO
HIEHSZERR U 7 IREE, & 2\ i collagen % Tk & L7z
MRS FAE T DRI A K b 2 e L. Z bl
HoGECEHcAXbEEE S 2 LFEZ 5T
%o

SHOERB B W T, BEKBHEZ IKEO
Osteopontin @ m-RNA FEIRAEIN L 7220 5, #835F
PRIELIC £ D MC3 T3-El filLO S EMERE S iz b
DEFZ HNTz, T OFERIGHTHRL 72 ALP IEHEDHY
MEFIELRERTH L EFEZ oMb,

FEFERIBIC & 2 BB S 9 5 BRERT .
Fibroblast growth factor (FGF), Platelet-derived growth
factor (PDGF), Insulin-like growth factor (IGF).
E,(PGE,). TGF-5 % Bone mor-
phogenetic protein (BMP) 7% E RS T35, 4
EERClE. BEEOFCIGFI IcRWT2HHICS
{HFET 2HRERTTH % TGF-B 2 DWW T EER %
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The Effects of Stimulation with Low-intensity
Pulsed Ultrasound on Osteoblast-like Cells

Kyosuke MORISHITA, Kengo YAMAMOTO,
Toshinori MASAOKA, Atsuhiro IMAKIIRE

Department of Orthopedic Surgery, Tokyo Medical University

Abstract

We investigated the effect of low-output ultrasound stimulation on an osteoblast-like cell line (MC3 T3-El). After
subculturing MC3 T3-El cells, they were exposed to ultrasound stimulation through the bottom surface of the plate for 20
minutes. The ultrasound stimulation was applied by varying the frequency of the ultrasound stimulator from 0.5 to 1.5 MHz
and the intensity from 10to 50 mW/cm? and ability to synthesize¢ DNA was measured with Brdu (5-Bromo-2" -deoxy-
uridine). Ultrasound stimulation was also performed for 14 days, and ALP activity was monitored. TGF-gand
Osteopontin mRNA expression on RT-PCR was analyzed 30 minutes, 1,2,24 hours after irradiation. No significant
difference was recognized between the irradiation group and the non-irradiation group at a frequency of 0.5 MHz.  The ability
to synthesize DNA increased significantly compared to the control, rising to approximately 1.27 fold at a frequency of 1.0 MHz
and an intensity of 40 mW/cm?, approximately 1.28 fold at a frequency of 1.5MHz and an intensity of 30 mW/cm? and
approximately 1.40 fold at a frequency of 1.5 MHz and an intensity of 40 mW/cm?2  These findings suggested that ultrasound
stimulation may have contributed to cell proliferation. From day 8 of stimulation onward, there was a significant increase
in ALP activity in the group exposed to ultrasound, suggesting that cell differentiation had been promoted. In TGF-g,
expression of m-RNA was recognized at | hours after irradiation. In Osteopontin, the expression of m-RNA was recognized
at 1,2, and24 hours after irradiation. This study suggested that low-output ultrasound stimulation was promoted DNA
synthesis and cell differentiation on bone formation.

{Key words> Osteoblast-like cells, Low-intensity pulsed ultrasound, DNA synthesis

(12)



