AR A S A 245 2009 4F 8 14 31 B4 8 ] Chin J Phys Med Rehabil, August 2009, Vol.31, No.8

- FLAR AT ST

HL G 0B e R 7o T4 o SRR R B 1
IT YRS AT Sox9 S5 FE IR 2R 3k B 52 1)

MF R4 N Fk RIEA BF
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[ Abstract]

row mesenchymal stem cells exposed to electromagnetic fields (EMFs) and it’s mechanisms involved.

mesenchymal stem cells

Objective  To study the expressions of aggrecan ( Age) T and II collagen and Sox9 by bone mar-
Methods

Bone marrow mesenchymal stem cells were isolated from Sprague-Dawley rats and cultured in vitro. The third passage
cells were harvested and exposed to 15 Hz 1 mT EMFs for 8 h/d. The semi-quantitative reverse transcription-polyme-
rase chain reaction (RT-PCR) technique was used to measure parathyroid hormon receptor related peptide (PTHrp) ,
Age I and II collagen and Sox9 mRNA. Western blotting was used to measure type II collagen expression. After the
inhibitor of protein kinase A (PKA ) H-89 and the inhibitor of protein kinase C (PKC) Go-6976 (12 wm) were
added, the effects of EMFs on Age I and II collagen and Sox9 mRNA expressions were measured again by using RT-
PCR, and Western blotting technique. Results The EMFs induced significant increase of mRNA expressions of
PTHrp, Agc I and II collagen and Sox9 in comparison to the controls, and promoted type Il collagen protein expres-
sion. The Age I and II collagen expressions decreased after PKA pathway inhibitor H-89 and PKC inhibitor Go-6976
Conclusion This study shows 15Hz 1mT EMFs

can promote mRNA expressions of Age I and II collagan and Sox9 of chondrogenesis differentiation markers in bone

were added, but the mRNA expression of Sox9 was not affected.

marrow mesenchymal stem cells. The effect is correlated with PKA and PKC pathways.
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67 Hofiv iz B A1 B 458 K A P 114 4 5 3 s 1) 2
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TN R A A, BT IR AT
EMFs 2] G52 -8 0] 78 5+ 290 3 1) 0w 240 i A4
I3k, AHRSE BT EMFs 58 18] 78 5+ 41 i A%
BE AR S A FE A R AR B 1 R B (aggrecan, Age) 11
AU HN Sox9 S5 (K FEMA , I X5 & 75 AT LAGE 2 i 4] 78
Jo 440 g FR TR 5% R 8 2R 32 AR A SR K ( parathyroid hor-
mone related peptide receptor, PTHrp) ) 3% ik, DA K&
EMFs X SR 36 bn 2 38 14 52 ) 2 75 () 4 11
A( protein kinase A, PKA) FI#E H 4 C ( protein kinase
A, PKC) S5 5 % HA A T 5T
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1. F27) : L E Hyclone 28w 7= {I0H 00 75 15 ¢
% ( Dulbecco minimum essential medium Dulbecco-low
glucose, DMEM-LG) , #0575 55 7% 5 ( Dulbecco mini-
mum essential medium Dulbecco-high glucose, DMEM-
HG) ;Gibeo 2 B =4I BT iR 2F L ; Amersco 2 ) 7™ i
A ; Amersco /A 7 P72 10 5 SRl U R R R &
fifH4% 52 V7 ( polymerase chain reaction, PCR) &5 ; 9 12
YNGR REIE 7/ P el G S o /N i e 8 S N L LR
P BB I FEL K (sodium dodecyl sulfate polyacrylam-
ide gel electropheresis, SDS-PAGE )i & . TBST 2% i
W RHBRAT LR bt A2 A 1 B —He , — .
Super 23 Al 7= ECL & ; Biosource 23 H) 7= H-89 ( Lot
Number : 1402330) ; Sigma A Fl F= Go-6976 ( CAS Num-
ber 136194-77-9) 4E/E % C, HIZEKFY, TGF-B1 JH
YA E . WARER A4 034 H 8L H (bovine serum al-
bumin, BSA) . TNERFRER

2. FEAE G TR AR 5 &
LT e A 2% 3 18 R 22 W S5 ( Olympus, H AR ) 5 Ep-
pendorf ** PCR 4 ; BIO-RAD &E /i 5 73 7 22 4¢3 7306
JGHETF (B 1240 2840, HAS) S BFRLAE

S 1251 /)

SD K6 H 4 ~5 JHik R4 100 ~ 120 g, HEAE
ANBR e [R5 B2 B S sh o it

L. BB (R BT T A0 B i o3 2 S AR A s 57 . 2 RS
BR8], B R BRBUAE I AL BB J5 , T 75% 9 4 3= 1
10 min , 7ETCHRAE & B2 8OO B, BRI A F
WP ZHZY, 5 2560 A5 B A E 9 00 PR o . T 20 ml
TESS a5 10 ml ¥R K 10% 1) DMEM-LG 15 57 5
(NEHHZE BIRHES 100 pg/ ml) thE8EE . &

EWRFT B R MRS, THEOT R 4 % B2 5 x
10° A4~/ ml 5 HHEAHAZERN T 50 ml (935FREA, & T
37°C 5% CO, FRFIGE L /) 40 M 35 S48 rh AT 35 5%, 42
PG 24 24 h FFIRIRIE, LAS & 3 d i, B TEaEnp
VR P LT A0 | 40 i DA R 3 i 40 i A AR b R
RTEARAS SO AT R A B2 A M 3% 57 5T 1 )R
LR, BT A% 0 I e A K 4 i = A i ) 78 5T T 48
M, 257 ~10 dJ5, Y40 U2, H 0. 25% ik
FIREH AL,

2. Wi 5 W% I ZE TR Rt gy
SRR R R 58 1) G S, A S0 1% 15 Hz,
1 mTHY EMFs,

3. 20 i R SR B 5 i BE SV (semi-quantitative
reverse transcription-polymerase chain reaction, RT-PCR)
K EMFs X386 18] 78 5T 40 Sox9, 1T BUAG IR, Age 1
25 mRNA [3R35  BCH 3 AR5 8] 72 5T 1 20 3 53 501 b
A 60 mm [REFRINLA , 4 f 2% B 45 I 7E 3 x 10° 4>/ml,
FEIL4 ml, 23 % FRZH EMFs 20 4075 541,46 3 1L,
i MG BE 5 EMFs 470 A 15 Hz 1 mT EMFs H |
W,8 h/ds UK B S LI A S CE R R (=
¥ DMEM % 10% FBS &) & 6. 25 wg/ml &M
6.25 pg/ml, WAL 6.25 pg/ml BSA 1.25 pg/ml N
FifREE 1 mM , Vite 37.5 wg/ml HiZEXKHS 10 "M TGF-
B, 50 ng/ml) ., fER 3 d 5 HEANM, #2H RNA, 47
RT-PCR,2% S5 NEA&E I HL UK , LA R BE I A B 53 AT
SRR 1,

F1 5195 PCR 444

. B A 7Y
] ¢ ] l =t h
s 1 5-CACTCATCTGTTGTGAT-
FI HRs ~ 1.
1T B i ( Col2al ) GAGTTCTCC3 60 28 180
5-CAACACACACCAGCG-
CAGTTT-3
5-AAAGGAAGGAAGG-
Sox9 CAAGAAAGG.3 56 30 201
5-AATATG-

GCATCTTTCGATTTCTG-3

REETE W (ag- 5-ACGCGTGGGAAAT-

grecan) GAAAGAAATG-3
5-TCCCACTCACATGGT-
GTCTTCT-3

FUIR SR 2528 5-CGGAATTCTGGAG-

HMERR(PTHP)  GCGCTGATTCCTACA-3
5-CGGGATCCAACGTGTC-
CTTGGAAGATCT-3

R MBI A A 5-GTGCTGAGTATGTCGTG-

(GAPDH) GAG-3
5-GTCTTCTGAGTGGCAGT-
GAT-3

56 30 216

60 30 600

56 28 301

4. RT-PCR A PKA F1 PKC 38 #8300 700 %5
a8 0T A0 AE Age 1,11 RS JFE AT Sox9 55 mRNA 119
FER R BR300 BE 1A) 7T 5 T 40 e 43 ) A A
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60 mm[PEEFE ML AT, 4 i 2% BEd il 7 3 x 10° 4~/ml, %
M4 ml, 43%F BB SRE 175541 EMFs 4 . EMFs Jf
fi H-89 (10 wm) ZH 1 EMFs J-/I1 Go-6976 (12 pm) 4.,
FRAN MG BE S | 75 2 EMFs 34 A 15 Hz 1 mT
) EMFs H 2 w5135 ,8 h/d, Ll 3 d JF e,
FEHU RNA | 54T RT-PCR FIEEIE 1% 53, 15 8
WATGE 25T

5. GRREEN I A I A 1 Y 2R3k L SR 3 AR ]
FE T A BIFP A 60 mm YB35 L rp | 20 ff 25 3
HIAE 3 x 10° A4~/ml, 70 % B4 4K B 5 3 4 . EMFs
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FRERCE S AR R AL I R A AR N A R, AR
FH 2 A5 4% 0 F 25 B A . O40 i FH 7174 1) PBS ¥ 3
A M 2L 200 l, 7K 247 30 min; QK IR
BOHL,4°C 12000 g 15 min, B F i @K 1Mk 4%
BCA 7 & Ut B B A I ; D HL 40 g BT 12% 1)
SDS-PAGE #E i I H ik, W46 5,40 V, 1 h, 43 B I8
120 V,2 h; ®HIKJG 350 mA #5151 h; @F Bk A
5% WEREWI Ky (TBST KLl ) 3564 1 hy OHI & A Ui
P (1:1000% %) 855 NC 5, 4°C 137 ; @ TBST ¥k
15 min x3 ;@ P EEFF 2 h; OTBST ¥ 15 min
x 3 ;&R ECL, I A B,

W9 Geit2= i

BAHRILL(x +5) Fow, WA SPSS 13. 0 ik 4 it
TGeit 240, N R 285 25 Wit AT e 24 Ab
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1.2
K08
=
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AT ERA ENFs

1 EMFs 7E 15 Hz 1 mT,8 h/d AT, SEls 3 d, xR
AHXT IR BEAE ] (0. 724 £0. 135) , FCALAH X AR BEE R (1. 336 =
0.263) (n=3,P <0.05) , & 41K E{EFH 3 ( GAPDH) #xifEfk

2 EMFs {2 k540 75 5 T 41 PTHP mRNA #9FRiA

= EMFs feif5fim e i T4 Age 1,11 B iR
H1 Sox9mRNA HYF ik

Age T 1T BB JURN Sox9 45 2% B8 (8] 7 5+ 40 g 7]
BB L EEAE bR, FRATRA RT-PCR 77754
DB 1) 70 0T 1 20 B BB AR A Age 1,11 U Tt
F1 Sox9 %5 mRNA [YFRIRIGH, 45H8 & B, EMFs g it
X 3 FPIE mRNA (33K, [RIEFFRATT M T ki
VP EE IR SL S I, VR S B XS IR, 255 EMFs fi2
#t Sox9 |11 U mRNA /)36 35 55 F KB 75 S 15 9%
HMES, WK 3,

0 IR S 1: Sox9
= 03
b g 1.0
Koz K08
[ wos
® 0.1 ®os
02 r-‘
0.0 0.0
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4 EMF's fi i2F B8 (8] 7050 20 M 5 FRCBH H8 bm Agel 1T AR i
Sox9 4F mRNA [k, {H R RHK BH 75 3 4% 35 S A0 L A SR R
5(n=3,P<0.05)

B3 EMFs X8 ) 70 5 1 40 BB F8 AR Age 1,11 B i
Ji . Sox9 %5 mRNA 2635 150

PO FH PKA 5% PKC 38 8% T 18 EMFs {23 i) B i



« 522 - rhAEY IR S A 5 A 2 2009 4E 8 H 45 31 555 8 ] Chin J Phys Med Rehabil, August 2009, Vol.31, No.8

8] 75 S5 2400 Agel #0111 AU IR mRNA AUk

PKA il PKC J& PTHrP TR 25 S8, bt
FoA TR 73X 2 AN BE X EMFs {2 #F ik B 8 br 6 15
FRIREN , FRATZE 5% 1) o ) 70 1 i e v 43 S A
PKA #1151 H-89 (10 wm) F1 PKC 4 5] Go- 6976
(12 pm) , UEE BB 7 AL T8 5 Age 1,11 28 i A1
Sox9 ¢ mRNA 19 3Rk 1f 0L, 45 % &, EMFs ¢ i
Age 111 B JFURT Sox9 25 mRNA [ 223k, i 7 [R] B
A PKA #1151 H-89 (10 uM) F1 PKC 115 Go-6976
(12 M) Ji 3% AR 28 35 0 3B 43 B 9855, (H Sox9 Y 6
KA Z W, ULE 4,

T N (S ———
Vo [
s+ [CEEh
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FEAEMA PKA A5 H-89 J7 EMFs 2 2E R Age T A1 1T BUKE
Jit mRNA (9 RABR R E M Z 2] T (n=3,P <0.05), {0
Sox9 HYFIETCH BAEIL (P >0.05) , TEIIA PKC I Go-6976
J& Age 1AL BB mRNA (¥ 5 AR TR R 1052 ) 740 (n
=3,P<0.05) /8 Sox9 (YFRIL MG T (P >0.05)
Bl 4 EMFs 2 #f Age 111 BT Sox9 55 mRNA [R5 %
PKA 1 PKC 3 (1 5 1
. B0 PKA 8% PKC 38 B~ 8 EMFs 42 35 (1) B 4
[B] 7S 5140 10 B S 2 Y 258
16 I RRFgE AT 2 B A PKA #1457 H-89
(10 uM) Al PKC 1517 Go-6976 (12 uM) A 5201 Age 1
A B SRR . e — 2D UE S FRAT 1 1 S Bk
FA T B R FRA PN FE bR, R KT LA
BOUE, S5 &, EMFs {2 11 i i i 3R 38, I HLiX Fh
PEHEVE I AT LA 19 PKA #7175 H-89 = PKC 41
il Go-6976 W55 , iX[F] PCR ML5R—k, W5,

i@

BANBE — R E A TR — A PR
Ao BB ) TS T AR el TR R B S A 5

0.35
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- 025
+

# 0.20
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IARRE L H
0.05
+
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BRERS -
PD98059  _
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Go-69T6  _ B

[

e i R

——————
- i 0.00
A% Doact in e —— BFs - .
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Y EMFs (OFEFTT 11 BB 5AG 425525 76 A PKA #0140 )
H-89 &, PKC $M#I5 Go-6976 J& , 1T %1 i J5 i1 22 35 U6k 55 , PKC 411461
7 Go-6976 I/ FHEE R , (HHIASRE5E a1 il
5 EMFs 508 5o 55+ 400 11 BRI %k

IREUR R B H TR 2 e, R Ly
70 AEACEE & L, EMFs XF B 4L R BiE 2 0 %
Wi ARSCEGHIE ST & B, EMFs B 88 8] 55 5 1 40 i
(%) PTHrP 2 _LIRAEH . IR 18 EMFs 4 Al fgxt
B ) 70 5T 40 A Y AR e B AT — R B

Age T 1T 7 J I e i 36 o 1) SR B 2H Rl 43, Sox9
SRR AL E B S T R Age T AU RN
Sox9 45 H VE Ry - B () 75 5T T 48 B 1) o8 B 43 Ak i
BERR L RICAREF ARSI T EMFs i B ] 75
T4HME Age 1,11 BUFEJE  Sox9 %5 mRNA F 3k 520
EHL R, EMFs RENS 02 2E 588 () 72 5 T 40 Bl Age T.10
HIREJE . Sox9 4 mRNA 23k | {H X FhAE HEAE FIAS K Al
REHFEFRIE,

PTHrP /& G IR 1321k B WM R Z —,
PTHrP ()AL 40 i N 245 55 38 % 1 s Ak,
W (0 & cAMP-PKA i [ 1 B i i C/PKC i
B ARARSEAS I T EMFs {2 UE B 86 1] 55 % T 40
Jit Age T.IT BUBEJR . Sox9 25 mRNA ik 500 & 75 )
XN A O, 25 B EMFs 2 E Age .11 AU Jig
JER) IR ROV v] 4% PKA 4036l 57 H-89 A1 PKC H111 il 551
Go-6976 JIFMTH|, {5 Sox9 FYFRILENIRZZ PKA 417
H-89 By, H EAESN A PKC 5] Go-6976 5%
S7i ) =B o8 = W AT =¥ v B S R LSS ] I B (E N S R
FW], EMFs A 7] G828 i 2 #F PTHP 235 )5 F0E
cAMP-PKA i [ Fl 85 5 Bl C/PKC i % %5 R A2 Age
11T BY A Jir i Rk

KT EMFs X ECE L s A 28R HiE
Nicolin Z£M" BFSE & P, 7F 75 Hz.2 mT f¥) EMFs figfg
PRI A0 T 20 B2 5L A 6 1%, Ciombor 450 145 5]
— USSR AR RE S (3 T) MR I AR B A
FERNZ B A S DL BE ) 55 T 40 R
WFFER 4 AE 15 Hz 1 mT (IRESSBAERT 428k T
MSCs [i] SR oAb, AR BE 1T 780 g Ji () 3k, i i
E Age 15 BURCE L BB I T 1 M ik, iX 3R
HHIL 254 19 EMFs 30T BE XS BB b A 2K
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