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[# ZE] BN BT e RSN 3% i K RS 1) 70 51 40 i ( BMSCs ) B EF 26 4N i 2F K 1 72
(FGF-2) Fl AR 4E 4 a2k K P F32 K2 (FGFR-2 ) mRNA Fik MM, J3E RIS B R 9% K BB 1) 50 i
T2, BUER 3 AR 5320 28 H R R A B, R 5 SR 336 2 3% - 3R 4 Wt % ( RT-PCR) 4R 43 3G T 45 4
LAY FGF-2 F FGFR-2 mRNA ik JF#AT @ T, S8R 15 00025 S PR 8] 4 H 12 3 il T K B
B 78T T 40 il FGF-2 F1 FGFR-2 mRNA Rk R 3%, F 15 Hz 1. 0 mT HL#E 3% 01# BMSCs, FGF-2
mRNARYFIATF 10 min BHAEKAE, T FGFR-2 mRNA 192535 0 F 30 min B 35 K AH ;7 50 Hz 1.0 mT H#
YT, FGF-2 mRNA Y335 T 60 min I35 KAA, i FGFR-2 mRNA (%235 0] F 30 min Ik KAH ; 76
75 Hz 1.0 mT LRI T ,FGF-2 F1 FGFR-2 mRNA (35353 F 30 min IHARR KAE ;1.0 mT HLRE 43
30 minZ& 4R, ARG N 50 Hz Z2W44H BMSCs (19 FGF-2 mRNA ({383K ki KAA , M RGN TS He
&4 BMSCs FUFGFR-2 mRNA fYikA R KM, €518 834t 17 1Y B A7 il o (AR A0 15 5% 1 R B s )
FJF T 40 FGF-271 FGFR-2 mRNA 32354 W 8 8 E 16T .

[R@R] BB TR T, B4R KN T B

The effect of electromagnetic field stimulation on the mRNA expression of fibroblast growth factor and it's
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[ Abstract] Objective  To study the effects of an electromagnetic field (EMF) on the expression of fibro-
blast growth factor ( FGF-2) and it’s receptor ( FGFR-2) mRNA in rat bone marrow mesenchymal stem cells
(BMSCs) in vitro. Methods Rat BMSCs were isolated and cultured in vitro. The subcultured cells were divided
into different groups to be EMF stimulated at 1.0 mT. The expression of FGF-2 and FGFR-2 mRNA were detected by
reverse lranscription-polymerase chain reaction (RT-PCR). Results Different frequencies and durations of 1.0 mT
EMF exposure induced FGF-2 and FGFR-2 mRNA expression in comparison to blank controls. The expression of
FGF-2 mRNA reached a peak after stimulation at 15 Hz for 10 min, 50 Hz for 60 min and 75 Hz for 30 min. And the
expression of FGFR-2 mRNA reached a peak after 30 minutes at all frequencies. At 1.0 mT with 30 min exposure,
the expression of FGF-2 mRNA peaked after 50 Hz stimulation, and the expression of FGFR-2 mRNA peaked after
stimulation at 75 Hz. Conclusions Moderate EMF stimulation can significantly increase the expression of FGF-2
and FGFR-2 mRNA in rat BMSCs in vitro.

[Key words] Bone marrow mesenchymal stem cells;  Fibroblast growth factor-2; Reverse transcription-

polymerase chain reaction; Electromagnetic fields
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BMP-2 mRNA F A1) A7 SCHRR T8, 2T 4t 240
H: K Rl -2 (fibroblast growth factor-2 , FGF-2) H. A i
i A A K I F-B ( transforming growth factor-B,
TGF-B) {538 I 1 5 2 42 . BMSCs 1] B 40 Jig 43
TRIPERT o A, AT T8 T AR5 | B AR 05T
R R PR A1 15 5% 1 K BUBMSCs (1 FGF-2 il A £F 4 21
HuA: K A 732 442 ( fibroblast growth factor receptor-2,
FGFR-2) mRNA ik A 520 , T Ay HL % 37 5 4 3 2
Tl R SR

MR 5%

— MR

1. SEG BN W) . 3 i 2 SD KRR, Hh [R5 B 2 e 5K
55D R EE 100 ~ 150 o, M HEARFR

2. WL S A A A R T TR R 2 R, R
Helmhohz £% Fl , BEA= UM N O ~ 75 Hz B9 3% 25 7]
1 1.0 mT A9 IE 5% 0% G, G 39 % BE 34150, o0 Al 22
F<1%,

3. 3% 7 : Dulbecco % BR 5 55 1% 7 £ ( Dulbecco
minimum essential medium, DMEM ) fi& B 15 3% %
(HycloneZy &), I 45 17 ( Gibeo 23 ) , JHE 25 1 /il
( AmerscoA F] ) , TRIZOL( Invitrogen /A ) ) , 180 % 5% il
( Promaga NI ), 2O A K T R-18 ( Invitrogen o
A]), RNA g 4100 il 50 (48 35 28 ")), B4 B T IR
(InvitrogenZy /)) , Tt # DNA R & (EAEYHE AR
W), O BEE R (TBD A A | 3R B R
(Amersco/y Al ) , DNA bRic -1 (J7 M R A W B
FHIRAFIRBEAR)

4. 519 Invitrogen A &AW, 519 FAF . D
FGF-2, I ¥i# 5] #)—5'-GCA GCA TCA CTT CGC
TTC C-3', F#F 51 ¥)—->5'-TTC GTT TCA GTG CCA
CAT ACC-3', 7# ¥ K J¥ 375 bp; @ FGFR-2, I i 5l
¥——5'-CCA CTG GTG AGG ATA ACG ACA-3', F
W59 ——>5'-CAT GAC TAC TTG CCC GAA GC-3',
PP 165 bp; @GAPDH NSRS F51, L5
Y)——5'-GTG CTG AGT ATG TCG TGG AG-3', T iif
5% ——-5'-GTC TTC TGA GTG GCA GTG AT-3', 7~
YK 301 bp,

Tk

1. BMSCs [1)43 B5 AR Z1 855 7 4 R BR300 i o7 4k
Fee , H 75% BYBAE IR 10 min, 750 R 4E & L4
BB SR, ABRBE R BN ES, 8
FERRTE N B W B, % 10% BG4 1L /) DMEM
fRCHE 3 % 56 op v B B i, JH 3K1-8 AUELLHLLL 1000
H/min B0 5 min ( BEOEREN 8 em) J5, 55 B
W SRIGIMAGE 15 97 3, 552 W T T B 400 i A

W BT E B 5 x 10° A/ml 5 H 2R
AR 50 ml BTN, & F %MK 37 C 5%
CO, EFNG R () A5 TR Th a5 9 e 52924 h i/
U IR, DA 25 2R AR I BE 1) BMSCs, LA 5 48[
3 AT AR 1 R, SRR 3 ~4 WE,
A 58 42 F SR ARG BE () BRI B 5 1 10 240 i, 70 4% 7 0l B
1 N B B Y BMSCs, 595 7 ~10 d, 2441 i
T PR AT 0.25% MR RSN Ak, HEAT 1245 4K
S S o e T Gl AR %41 e e VN T

2. LRG3 BMSCs . ORI 4758 5 (1.0 mT)
b 3G o N N e i g R ks 4R b QR =R Y N |
DL 1, R BEHLEL 6 ISR 3 1C AN, 5 41 i ik
A HL 37 S e A P vh o ) FE R SR R B R QM
Iﬁlﬁﬁiﬁi&“( 1.0 mT) *ﬂﬁ”/lgﬁﬂﬂ‘lﬁj(ﬁ) min ) v OEEN A
[ 0 37 M1 2% 43 A ) B ——>SE 368 354> D, . D, . D, . D,4
20, Horb D, 4 oM AR R L R PEAT R R0, D,
200 15 Hz HRES 4, D, 400 50 Hz H 7537013
4,D, 4170 75 Hz FLBEA R, BRI BENLEL 6 5
3 AR, F 20 T FL R 3 A e 2 P e (1 R
SHRHRE R

1RSI B R R LA

M P (Hz) KT8] (min)
Ay 0 0
A H 15 10
A, H 15 30
Ay H 15 60
B, 4l 0 0
B, 4l 50 10
B, 4 50 30
B; 4 50 60
Co 4l 0 0
C, 4l 75 10
C, # 75 30
C; # 75 60

3. K 4% 4408 FGF-2 #l FGFR-2 mRNA ()%
ik O RNA BIHEHL, F TRIZOL — 25 ik $2 H 4%
ZH AN A RNA (EL R A B 4% TRIZOL #5115 BA - it
1) e g g BT - 80 CUkAETR &, QK
A PAEE B 48R B R ( complementary deoxynucleic acid,
cDNA) 196 B, A 4 JIr 0 A W A% 17 TR Wk B, 45 41 L
2 wg, AN Oligo (di) 18 (0.5 wg/ul) 1 pl, #hE
DEPC AbFHZK % 12 wl, B2, T 70 °C T 2815 min, ¥
VKIS min, VK E3AE . 0 SN 5 x 33 5 S il 1) 2% o
W4 AR BRI (40 w/pl) 1wl B A% 4
2 (10 mM)2 wl,#R2))5 37 °C 5 min, F i1 A M-MLV
WG S (200 w/pl) 1 wl,42 C A 1 h,95 Chnk
5 min £ ARV SRIGHCE 4 °C VKRR IRAT ; @ A ik
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SR, B4 41 ¢DNA 2 ng, 435 A L/ F 51 4
(10 wmol) 4% 1 pl.2 x PCR TaqMix 12.5 wl, #b /2840
KZE 25 pl, 95 CHAZPE S min, 794 C A1 30 s,
60 CiE:k 30 5,72 CHEAH 30 s, RIKFEAT 40 MG,
5T 72 CHEAH 10 min,4 CAR-AFE; @K, il 45 vk fir
H2. 0% TEPEWEEERE , 7E 100 V HJE T XF 44 PCR 7=
Y T HTK , 45 R ) B2 H 28 B BIO-RAD /A ] GelDoc
XR BERE G R GE o A i (WA < 4. 6) BRAH T XT 4-H
VKA WO FE B AR 5317 o

= GeiteE

S B (UK H R SIS AF IO b
{85) (% +5) %o~ , R SPASS 13. 0 fRGE #4017
PRI 25307, P <0.05 HESAG 15X,

# =X

— 15 Hz HL 7% 3 A [m) i ¥ i 1] X% K Bl BMSCs
FGF-2 } FGFR-2 mRNA 23K 5% i

LKA I S 7S, 45 ZH 4D FGF-2 \ FGFR-2 N &
GAPDH mRNA A AR FEEE R FRIB (K1), it
TR, 32 15 Hz G RIS, A, LA, 4 FGF-2
mRNA [ FRIEE A, AR, ZF BA S22 E X
(P<0.058{ P <0.01),A, 5 A, HEF LG ¥
HEX(P>0.05) A, 4 FGF-2 mRNA A3 iAik 3 & K
fH, A, A, A, 40 FGFR-2 mRNA [JF K5 A, 411
WL EFEAGIHE X (P <0.05), A, 4 FGFR-2
mRNA fJFRIA R R, A, A5 A, ARG
HE(P>0.05), W2,

A A AA A4

Fer-2 e R A I H 375 bp
FGFR-2 165 bp
GAPDH 301 bp

1 15 Hz #4301 FGF-2 . FGFR-2 & N2 GAPDH %3k
ESLEERY & 3iv3
F2 15 Hz ARG ML FGF-2 J: FGFR-2 HL UK 447
WS 55 WO LU (% L, % +5)

25 FGF-2 FGFR-2

Ay H 0.32+0.04 0.28 +0.03
A4 0.44 £0.07* 0.30 0. 06"
A, 41 0.36 £0.04" 0.37 £0. 06"
Ay 4l 0.31 +0.03 0.32 +0.06"

.5 A, HEH#,*P <0.01,°P <0.05

.50 Hz H 1 3 A [F) i) 3% B 1] 65 K BL BMSCs
FGF-2 % FGFR-2 mRNA 351540

HL KA I 2 7, 45 2B FGF-2  FGFR-2 KN 2
GAPDH mRNA ¥WHAFREERFIL(E 2), &5 1T
ORI, 2 50 Hz G RIS , R B, AFGF-2
mRNA [JFIRE B, H 30, ZRASRITFE L (P <
0.05),B, HAFI B, 415 B, HHER LG #E L (P>
0.05), B, B, Z FGFR-2 mRNA fIZ A% B, 454,
ERAGIFE L (P <0.0580.01),B, 4. FGFR-2
mRNA {8 E8 R KAE B, 415 B, 414, FGFR2
mRNA 358 B (DR 22 R a4 E (P >
0.05), W3,

B4 B4 B4 B

o n e hp
o _ o bp
eAThE - 201 bp

B2 50 Hz BR53%0# FGF2 . FGFR-2 X 2 GAPDH #ik
FRI LK 2 HE
£3 50 Hz RS FGF-2 }2 FGFR-2 HLIK 44 Al
WS WOCEME (% ,x +5)

2051 FGF-2 FGFR-2

B, 41 0.37 +0.04 0.26 +0.04
B, # 0.34 +0.03 0.28 +0.02
B, 4 0.35 0. 06 0.39 +0.06"
B, 4 0.44 +0.04* 0.31 +0.03*

.5 By AlH#,*P <0.05,°P <0.01

=75 Hz HL 1% 3 A ) J) 3% i 18] %K B BMSCs
FGF-2 &% FGFR-2 mRNA FEik 150

HL KRS 7, £ 4140 i FGF-2 \ FGFR-2 M N2
GAPDH mRNA ¥4 R FFRE K FE (K 3), Gt
ST R, 475 Hz RESRIE, C, . C, 4l FGF-2
mRNA BFRRH C, dom, ZRAGITFE X (P
<0.05 8 P<0.01),C, H5 C, HEFTLGI¥E L
(P>0.05),C, 41 FGF2 mRNA f{) 3 ik ik 3 & KA,
C,.C,.C, 41 FGFR-2 mRNA By iAH C, 41 i 35
(P<0.058 P<0.01),C, 21 FGFR-2 mRNA {5k
INBIRKAE, WLk 4,

P4 .30 min A [F] 43 % B g 37 381 906 K B BMSCs
FGF-2 % FGFR-2 mRNA 23515

L UKR T S 7R 45 4L 40 D FGF-2  FGFR-2 X N &
GAPDH mRNA A RFEE LKL (KF4), Giite¢



- 256 - rRAE P PE S SRR 24 2010 4F 4 4532 555 4 ] Chin J Phys Med Rehabil, April 2010, Vol.32, No.4

ST, 4 30 min LR MIE S, D, D, D, 4
FGF-2 mRNA HYFIEE D, 413858, 2R A 5115 X
(P<0.05 3 P<0.01),D, i FGF-2 mRNA £ ikik
FHKME, D,.D,. D, 4l FGFR-2 mRNA AJ £ L% D,
B EFAGIFHE L (P <0.01),D, 4 FGFR-2
mRNA [JFRIBB A, WHES,
(o | CcH c.4A (o2
FGF-2

375 bp

FGFR-2 165 bp

GAPDH 301 bp

3 75 Hz BLRE M FGF2 [FGFR-2 N2 GAPDH % ik
ESLEERY &7

D D4l D,#1 D4

FGF-2 375 bp

FGFR-2

165 bp

GAPDH 301 bp

4 30 min HLEEH FGF2 FGFR-2 XN 2% GAPDH ik
1) L VK Sty
£ 4 75 Hz LREZ ML FGF-2 J: FGFR-2 HLUk &4 1l
WS 55 WO U (% , % +5)

2057 FGF-2 FGFR-2

Cy 4 0.28 +0.05 0.12 +0.05
C, 4 0.41 +0.06* 0.26 +0.07"
C, #H 0.63 +0.11" 0.57 +0. 10"
C, 4 0.28 +0.08 0.49 +0.04"

F: 5 Cy 4lHE,*P <0.05,"P <0.01

%5 30 min HEEGHNY FGF2 K FGFR-2 LUk 5545 il
WAL AR (% , % +5)

25 FGF-2 FGFR-2

D, 4 0.29+0.12 0.33 £0.04
D, 4 0.43 +0.15° 0.46 +£0.04*
D, 41 0.60 £0.11" 0.59 0. 06"
D, 41 0.44 £0.10* 0.44 +0.08"

H: 5 Dy L ,*P<0.05,"P <0.01

i

B e B35 R R AR & S EOH B i, 5 R
LHAVGEN S DL UG A2 B, A o
KB, RG] U AT BT, AR R A TR
S S I S5 R, SR LG S A S AR A ML
— HEA SR YIRS,

BMSCs A [6] 22 Fh 41 i 2 B34k i i gt | ik fefi
A B TR B e F FA, FGF A ZFh
Y1 IRE AR TR 22 4L 8L N A 4 s i BT A7
TG LA B BB AT & B, FGF 78 Z2 Rl 1 41 g
(A RSB o R v 4 A O RE VR, FGF-2 B & 3
AR A 2 F A VE T, AT LA 2 BMSCs 1 43 24 38
B JE ELAT LU A BMSCs (19 % 3%, 4ERpg 5 T
B A 5 DA B 1) B A A A R T RE L S 2K
AR F3Z K —FE, FGFRs # 2 % 22 B2 134 i 78U 2 14
FGF i1 Fll FGFR 454 Wois W4 i, i J5 5 | e 32 ik 2
FH FRS2a A1 FRS2B @2 At , 1 1M i 2 Fh Grb2/Sos
AR, B G B0E MAPK {55314 ' Choi
2 E S S I, FGF-2 383 0% ERK1/2 il PI3K-Akt
T e iF BMSCs Y3458, T RS 5 S 576 S I 7
c-Junf¥ iR,

A8 T AR ST A SR, 40 R 3R 7 B AT
A T HAE F BMSCs N FGF-2/FGFR-2 13k,
T S EL A B 400 A Vs B 1 s 1L 400 i RS i 34
i, S0 45 R R B, W R 3% BB i BMSCs FGF-2/
FGFR-2 mRNA i} 2 3Rk, A, £ A L4518 %
B, AN I] 8 1 30 550 % i 4, FGF-2/FGFR-2 mRNA
FIk B FTTT A s B) IR AS R[] 5 I LA AR TR) A 300 3%
IR R RESA IR S E T, SO IR AN AR R, P R AT
WIZANH, G AU BE R #F FGF-2/FGFR-2 mRNA
(R , T FL AR FHHLAG — 2 R s ) AT AR st e

HARTRAT] B B 5T A Ok R 3 HL A R U FGF-2/
FGFR-2 mRNA FRik/E A, (E X A/ R i BRI S B
FIRAS 433 28, I L3 Rl 3k 1 6 A PN S 56 B 754K
SRAFAEIB AR, fie BRAR (R RE S R 78 117 18 7
BP0 R R ARG R FRATT LS B9 Y
] RN p , LASR R4 7 H R 3 0 B 5500z (R B
Rl R FH PR B 48 5

Z £ X #

[1] Midura RJ, Ibiwoye MO, Powell KA, et al. Pulsed electromagnetic
field treatments enhance the healing of fibular osteotomies. J Orthop
Res, 2005,23:1035-1046.

[2] Selvamurugan N, Kwok S, Vasilov A, et al. Effects of BMP-2 and
pulsed electromagnetic field (PEMF) on rat primary osteoblastic cell
proliferation and gene expression. J Orthop Res, 2007,25:1213-



AR E S SRR E 245 2010 4E 4 14532 54554 ) Chin J Phys Med Rehabil, April 2010, Vol.32, No.4 - 257 -

1220. Biol, 2000,32:263-267.
[3] Haddad JB, Obolensky AG, Shinnick P, et al. The biologic effects [9] Coumoul X, Deng CX. Roles of FGF receptors in mammalian deve-
and the therapeutic mechanism of action of electric and electromagne- lopment and congenital diseases. Birth Defects Res C Embryo Today,
tic field stimulation on bone and cartilage : new findings and a review 2003 ,69:286-304.
of earlier work. J Altern Complement Med, 2007 ,13 :485-490. [10] Eswarakumar VP, Lax I, Schlessinger J. Cellular signaling by fibro-
[4] Vavken P, Arrich F, Schuhfried O, et al. Effectiveness of pulsed elec- blast growth factor receptors. Cytokine Growth Factor Rev, 2005,16;
tromagnetic field therapy in the management of osteoarthritis of the 139-149.
knee; a meta-analysis of randomized controlled trials. J Rehabil Med, [11] Quito FL, Beh J, Bashayan O, et al. Effects of fibroblast growth fac-
2009 ,41:406-411. tor-4 k-FGF on long-term cultures of human bone marrow cells.
(5] sfRfd, Jr Bl R Sck 45 T RESA /I U Bl R ST T 40 Blood, 1996 ,87:1282-1291.
Jfd BMP-2 F1 TGF-B1 mRNA 35005200, ey BirE ¥ S5HiE 2 [12] Choi SC, Kim SJ, Choi JH, et al. Fibroblast growth factor-2 and -4
#%,2004,26 ; 262-265. promote the proliferation of bone marrow mesenchymal stem cells by
[6] Tto T, Sawada R, Fujiwara Y, et al. FGF-2 increases osteogenic and the activation of the PI3K-Akt and ERK1/2 signaling pathways. Stem
chondrogenic differentiation potentials of human mesenchymal stem Cells Dev, 2008,17:725-36.
cells by inactivation of TGF-beta signaling. Cytotechnology, 2008, [13] Kouhara H, Hadari YR, Spivak-Kroizman T,et al. A lipid-anchored
56:1-7. Grb2binding protein that links FGF-receptor activation to the Ras/
[7] Choi SC, Kim SJ, Choi JH, et al. Fibroblast growth factor-2 and-4 MAPK signaling pathway. Cell,1997,89.693-702.
promote the proliferation of bone marrow mesenchymal stem cells by (&M H#7.2010-02-14)
the activation of the PI3K-Akt and ERK1/2 signaling pathways. Stem (ARt Ay B

Cells Dev, 200817 :725-736.
[8] Nugent MA, Tozzo RV. Fibroblast growth factor-2. Int J Biochem Cell

2010 FREBRRFRRE BT HARB R VHB E®E A

WEERHAF AR BRI s 2 E Bl2E Y IREMZAR S TR AW TR AR R SR K HESh T B K 2
PRI 2 J R S e B I B AR B 18 I 45 B AR I i e T BTG ) o FEARSEIRYT I BERE L, &R R 52 36 7T B H AR 19 L A i R Al
BT RE AT RO RS PR T RIFRIA TS A AR

R THET SR 2IAER i AR R S PR 2 SR 2 S F 0 HIRN B B S PR 2 5 %2 SR I
“2010 AFH 24510595055 e 52 1A 07 HE R i AT IR [ 39 H 45 :2010-16-00-127 () 14T 2010 487 H 3 B ~7 BAEHRA 22 M 2%
11, JRRPE 8 E S AN Z R G RN BB MR 1 7 AR R v, HA R A PRI R A 1E

WNEEHR)G BT B R R E 125253 10 43,

FAREZNE . (1) FEESE R (2) B S5 B2 W IR 5 (3) Bl ML AP B IR TR 5 (4) B BEH5 1752 A
BIRYT 5 (5) T EREAT IS S R IRYT 5 (6) TrWH AT (1T A2 S5 B IAYT 5 (7) MiSME DRI 2 S EREIARIT ; (8) ARG
B TR

REYIAT 4 R R I YA I7 IR PR R I B R | R R DA AR S PR B B IR AR

WRIAFE 2010 4F 7 H 2 B B5IFE 2010 47 H3 H ~7 H,

RN EEN M o5, 22 MHARIE CH AR 22 T 3RO X AR 1 PO 486 5)

WeFehnaf . B3I 2% 500 I, (L7 2 E R P 250K 2 B AR IR FAHLER A L,

AT FRUE .80 TT/ N/ IR,

R ik HOR A 22T RRDE]] 80 5 22 M K458 R BE A B, 3k 35U 5 B2 : 730030,

XM i B R R IR 42, R N AT E B I HL TS 0931 - 8942604, F4L: 13993132083, 13639392699 ; Hi F 15 i :
ldeykfk@ 126. com,
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