EREMAE $£27%5 $2H 2012547
Joumal of Medical Biomechanics, Vol. 27 No.2, Apr. 2012 239

X E 45 :1004-7220(2012)02-0239-06

FrEK R I X B RE A B T 4 IS SE A B | S B R M

koM, TAF, REI, K £
(AR B B R LA R E B - IEWRAST b, EYETH D B T S0 0058, B3 200011)

RE: BHY @SB MR Rk 53K RS 385 T 45 (bone marrow stromal cells, BMSCs ) 3454
REBWSHEBE M. FiE A3 @R SD MM KR, % A 4 MmN Bk 5555 15 40 8 K35 3F BMSCs, A
RIFHE 3 ~5 RUIHEEEFT T Flexercell i JTIMER RS (10% 1 Hz) 43385 SI/EFAR EAR R4 K 1.6.12.24 h 41
48 h 4, I irirse 3K 1%t F R B BMSCs T8 JEFEE M D R BRI m, &8 (HEENS
A PRES , S X B AR L, SR A YR S E W —E N, RKMERE TZ RN, (2)10% R85k N 1
YEFIR]# ] BMSCs BA5EE M. (3) 5FEE5K I 77 AT 1 5 Bl 1 s B B ( alkaline phosphatase, ALP) | T # 5[5 ( collagen
1,COL I ) B0 456 T Chfal (core binding factor al , ¥ 44 Runx2) mRNA f)FA &, H 2 PR RIR M, Hesz
I0H ALP 23R B 7E 24 h BHE B FAIN YT BBZH ,COL | 3R 82724 h J2 48 h 380 B & F 5T R4 ,Runx2 FRIXE7#6 h
X7 RRAIAR L B (P <0.05) . A5 (osteocalein, OC) & ETEMITEIBH B BE S T XA, e RS 7
BT ,48 h T H AR TSR (P <0.05) o (4) FFLEok ] AR Runx2 BHK VR, H7E6 h SLRAH B
FXRA(P<0.05), ZIGEB T, 724 h B BEM T X RAAKF(P<0.05), &it FrEEHIEMT BM-
SCs S EI—E MEMHES , I ETE 225, AR E b N2 B E RS,
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Effect of continuous strain on proliferation and osteogenic
differentiation of bone marrow stromal cells

ZHANG Peng, JIANG Ling-yong, WU Yu-giong, FANG Bing ( Center of Craniofacial Orthodon-
tics, Shanghai Key Laboratory of Stomatology, Shanghai Ninth People’ s Hospital, Shanghai Jiaotong Universi-
ty School of Medicine, Shanghai 200011, China)

Abstract; Objective To study the effect of continuous strain on the proliferation and osteogenic differentiation of
rat bone marrow stromal cells(BMSCs) in vitro. Methods Rat BMSCs were obtained from adult female Spra-
gue-Dawley rats (3-month old), and purified by full-blood attachment culture. BMSCs between passage 3—5
were seeded on Flexercell mechanical loading system(10%, 1 Hz) , and divided into 1 h group, 6 h group, 12 h
group, 24 h group, 48 h group, respectively, according to the time subjected to strain. Effects of continuous
strain on the morphology, proliferation and osteogenic differentiation of BMSCs were observed and analyzed. Re-
sults (1) Compared with the control group, cells subjected to 10% strain showed the particular orientation.
Their alignment elongated mostly in the direction perpendicular to the strain axis in a time-dependent manner. (2)
10% continuous strain could significantly decrease the proliferation of BMSCs. (3) Continuous strain could in-
crease mRNA expression of ALP, COL [ and Runx2 in a time-dependent manner. Compared with the control
group, mRNA expression of ALP was increased significantly at 24 h, COL I at 24 h and 48 h, and Runx2 at 6 h.
mRNA expression of osteocalcin (OC) ascended greatly in the beginning, but went down gradually and was sig-
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nificantly lower than that of control at 48 h( P<0.05). (4) Continuous strain could induce an increase in Runx2
protein level. A sharp increase in Runx2 protein was observed at 6 h( P <0.05) , then Runx2 protein level de-
creased slowly with its mMRNA expression being significantly lower than that of control at 24 h( P <0.05) Conclu-
sions Continuous strain could induce rat BMSCs to orient in an orderly manner, suppress its proliferation activi-
ty, but stimulate the osteoblastic differentiation at the early stage.

Key words ; Bone marrow stromal cells (BMSCs) ; Mechanical strain; Cell proliferation; Cell culture; Osteogene-

ic differentiation
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B o TEERRAYT B A ) 2 SR AE T HLARORI O R
PRI B U BURBCE M, A o X
BRALHE 5K g X BT B B AR R ) X P
B IR A, WS A A M AL T B 7 I R 43 S 3K B g 5
FERE 3, AR 48 I B n 805 A IR AT 23 R 5 62 L
SIE AL 1. H AT B B AR Ml 2
Flexercell N7 J7fINER ARGt , Fo AT LATE /ARSI 40 Bl jta i
VI3 b QA Ve RN BAL - €23 A (5]
B H A TR 720 B BAR IR, B BESL IR T 40 A
BARER BREERE R L rLgee, XEE
AW IR o BURK, TESM VR T Hs A R
B E S R A AR E  TE B AR B E
AR R L ERAEM . NIRRT B R
T4 }1 ( bone marrow stromal cells, BMSCs) {8 [\ 4>
g2 TE B R R B O AR P T B TR R O B 4 A T
N ARG B e LK SRR 2Lk B 1 % BMSCs
B 1 A B R, LA R SR A 2 1 W JR AR B ik
E Ry T AR A BB IRYE

1 ##57F%

1.1 SEIgshipfnss st

fRREARAT 3 H ik MENE Sprague-Dawley (SD) X
W15 B, il EESARER SRR o8,
DMEM (8%, HG) 35 3% ¥ (GIBCO) , i 4 Ifl &
(FBS, ML KAt A PR3 E R/ F] ) , Trizol reagent
(Invitrogen ) ,dNTP. RT-PCR &3] & . Taq DAN & i,
i (Thermo) , 51 ¥yistit Je & M EAEY TEREA
FRZAFE] S8, SYBR Premix Ex Taq( F A T K%
ARAF]), $T Runx2 $ifk (Abcam 22 F]) , $i a-tu-

bulin ${4 ( Santa Cruz A /] ) , BRIEBERRESbR T — 40
(PR EMAT),CO, M%7 4 (Heraeus) ,
{8 % AH 22 B 358 (Olympus ) , 8 BX G0 5 46 I A%
(Beckman Coulter) , iCycler SZ i} 5t E & PCR ¥
(BIO-RAD /A&l ) , 4 B B 3 A28 & 48 FX4000T™
Flexercell Tension Plus( Flexercell /A5]) .

1.2 Fi&

1.2.1 FHERF@pa B 5kt RA
SRR 3R 4B R BB BESE IR T4, 3t
BOF R BE N 5 x 10°/mL, fif F 78 &35 35
DMEM (% 10% fif 4 Ifil. 3 , NaHCO,2 g/1.,100 U/mL
HER,100 mg/LEER) , 4IRS RER
PATE AR AR 1 s 2-1: 3858 3 ~5 1R
A K R4 T AR R BF 5T (BMSCs 1% E S
HRTI B AT 1)

1.2.2 mpakst i m#k AR A FX-
4000T™ 41 It B2 7 N R 4. A P3 ~P5 fRAEK
R4 BMSCs, Dk 1 x10*/em® [f) %5 BE BEFP T 455K 1 6
FUTRPERE RIS SR, 4k e s 5% 48 h E4MIL 70%
~80% Rl & I JT 1R % T W, I 1 S 800 18
10% ,45iZ 1 Hz, W48 fin g i[RI 40 R 5 4 : 1
6.12.24 h {H148 h 4,

1.2.3 s tenl TEN/ija 24 h )48 h
a1 S g 2H B %) FR4H BMSCs, A0 108 T 1 1) B
BB IR, DA 1 x 10 /LI BB R RN T 96
LB, BB S ME AL, HM)E 6 h Frdify
WhEE RITIG , B L& MA 20 wL MTT,37 C 4k£L5
FH 4 h, BELLN EEWR, AIA 150 pL DMSO Jf5%
RIRGHELS T 2R, K 96 FLIkE T RStk
R _E, T 490 nm AL E & FLIKOGIE OD, LA
OD B H R /M) 3 S B A i H ) 2720

1.2.4 RAAXEE mRNA ¢9a 2 RREE T
YFFIER 1, PCR Y HFFWT  HE 95 CHA
£ 5 min, 2R 5 95 °C .10 5,60 °C ., 20 s,3L 50 IMEFF,
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*1 HWEREK PCR3[#FFI
Tab.1 List of PCR primers for target genes

H N AR 514FFFI(5°37)
. b CACCCGCGAGTACAACCTTC
B-actin
T CCCATACCCACCATCACACC
ALP ¥ TATGTCTGGAACCGCACTGAAC
T CACTAGCAAGAAGAAGCCTTTGG
COII ¥ CAGGCTGGTGTGATGGGATT
T CCAAGGTCTCCAGGAACACC
% ATCCAGCCACCTTCACTTACACC
Runx2
T GGGACCATTGGGAACTGATAGG
OCN k¥ GCCCTGACTGCATTCTGOCTCT

T TCACCACCTTACTCCCTGGTG

1.2.5 EHLAFE XA Run2 G4 E &
TSRy 41 B3 B4H S8 1, i 10% SDS-PAGE
BERCHIK MBS H o 5% BUARYIRI B 1 h, 3T o-tu-
bulin (1 : 500 % #) B3 Runx2 Hifk (1 : 500
k)4 CME LK. MEBERERC (1 ¢
800) ZIRIH & 2 h J5, ] NBT/BCIP K B, ff
Fi BIO-RAD 7 &) 43 #1584 Quantity One X} £ iF
TTIREE S, ¥ B A3 ) Runx2 5 4H) a-tubulin 537
IR BEAEAR 1L, 75 21 41~ B 1] 5 Runx2/ a-tubulin £
X IR EE
1.3 Zit=Z=ai

SERPAR La + s R, A [F] 4 6] HeBGHAT W
FEAIH s Ko, P <0.05 RARZEFAGI B o
FRAERINYERL 3 ~4 1K,

2 #HR

2.1 HFERTENTHERESHZE

WA 1 s, B/ n# 12 h j&5, BMSCs 41 i/
BRUVIBHE, NEM KRR . BEH fin o & 5
R, X BRZAAH LL , 5K O A BT 25 B — E AR
PEHES . X AR A2 SR = MIE SR, B
HEZ 5 S 2 20 B U SRR S R ARVIR. , A Al T L
E5ZNEMIEE, I 0 1B, 20 HES A
PRI R o
2.2 hFRETXTHEMREEE TR

M 2 AT, K0 A AR B H 1 24 h
A8 it B T AH L A0S B2, 4 iR i e R

@

E1 3K FAERAX BMSC 4 f A M0

(a) REZEHKIIEM,
(b) 2T JIERIE 24 h, (¢) 2K II1E /G 48 h( x 100) (& Fik
J5 T FoR 3 1A )

Fig.1 Effects of mechanical strain on the morphological changes
of BMSCs (a) Control group cells, (b) Cells subjected to me-
chanical strain for 24 h, (c¢) Cells subjected to mechanical strain

for 48 h ( x100) (Arrows show the direction of strain field)

0.30F
w 0.25¢
Q
0.20F

o X} R
SR

0.15r *
0.10F

OD 490 nm valu

0.05F
0

24 h 48 h
B2 ZFERAERIT BMSCs HAMIEREAIR NN (% £5, n=3)
Fig.2 Effects of strain on the proliferation of BMSCs
* P <0.05, 5 HRAAH LB

BINE (P <0.05), 48 h Bfx} A 4B H LN
N FTHLE 2 £5 6
2.3 REMEXERE mRNA Rix

B 3 (a) 87 03 7 [ s (6] 4% 20 B P o 1R
KA, BT LAE H, W& BN A7 B Rl i R, AL
ALP /K- B B TF, B J1 4w 5 1 5 fE 4
24 hEF N 74 ALP XA EWH B/ XA (P <
0.05) ,{H 48 h SZHA ALP /KB FF 4 A Frfefik .

E3(b) Basd [ AR mRNA & & f73F
tbo FIRIMEHT X IRA4NH COL [ & BIAMR
R, I HMEE TR . 424 h i TABES
FXIRAL(P <0.05) ,48 h B JLF-384 5 Joxd B4 2
(P <0.01),

B 3(c) BREHABEHE mRNA RBEL,
INFIFFEGE B, 2B 40 OC 7K/ T BB 41,6 h &
12 h A ZRIHE BEM(P <0.01) ., BEERE
REK,SEHG 4 OC K F-FFLR R, 7E 24 h ]2 48 h 3
A EAR TR R4 (P <0.01),

E 3(d) BRFHABLE AR TR EBR
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5 g0 AR UM B R R E R [N

§ 2h 6h 12h 24h 48h ;;; 2h 6h 12h 24h 48h {é‘ﬁﬁmﬁiﬁﬂﬁﬁﬁﬁﬁ%fﬁﬂ%wm%,B_\“LJJ?EFHT
= FREE RS- ERERAFR MRS 1%

E E YERIT AR R, A RIINENE B 53R K )y s xd

:C%zf) § P HEAF R, o, 25K R EZ R

2\ 2 FRZ—, BT EBGIT A B R —, 2

£ s MV SIS RA U, UK 1 Ha R 10% 7

gos z B3R 1 1F P T B BT 40 9 B SRR A

g 0 2h 6h 12h 24h 48h é 2h 6h 12h 24h 48h ﬁﬁfﬁj(d\”'w]o

. & T35 RIS T 40 B FE IS M B2, R R BT

B3 #F3KA{ERF BMSCs ALP(a),COLT (b),0CN(c),Runx2
(d) mRNA REBHIEWL (7 +5,n=3)

Fig.3 Changes of ALP(a),COL1I (b) ,OCN(c) and Runx2(d)
after mechanical loading

"P<0.05, 5xfRAMKLE; " " P<0.01, 5XBAMLLE

Runx2 RIFBTE6 h SXFRAMELBER & (P <
0.05) , Bt Ja B ¥ T K, £ 48 h if I B AR T3 4
(P<0.01),
2.4 Runx2 EHKFEEYL

M 4 ATLUE L, B RIE R, 3 IR K F
WeA T, T A0 4 Runx2 2 (K 563w, B
TE6 h BB i TR A (P <0.05) , Z ) X & & T
K, 72 24 h I B T X FRAIKF-(P <0.05) .

1h 6h 12h24h 1h 6h

Runx2
Po A 1110101 §11 QT p——

(@)

2.0 "
=y
|
E A
208 [ se%ed
73 0.4

0

lh  6h 12h 24h

B4 ZEHRANEME BMSCs Run2 EARZEHEWL (7 £5,n=3)
(a) SEH4, (b) XTHRA

Fig.4 Changes of Runx2 protsin level after mechanical loading

(a) Strain group, (b) Control group

*P<0.05, 5xRRAHELE

ZERZ FAE S . Matsuda 21 BF5T 7R B2 A7 AT
ATV A B A 400 T ) B8 BT e, T B 2 3 ) 2
W AR van Griensven %% 3F 52X T A
BMSCs T 5 , %8 b 1 1 F S5 RS20 ) A LR 2K
TR E 20 IG5 B 55— 5 T, Je E AR I —F B AR
PSR, 2 3 BMSCs & Ry U ABPEHLR A 55 5
BB . EARSEE, St R L, b 440
Jigt H7E 24 h J% 48 h ¥jH] B REAK, B 10% K/
FREEE TN 77 W] LA BMSCs 3% 5H 14 , 3 5]
BRI T UM b B BT O

B EY, ALP 2 & 54k b & B R B4R
Y, HHK P #2840 B A B AR PE . Rath
4l ak B g 7R ,0. 5 Hz 10% K/NKIJE S 1E AR
FREBMSCs 4 h J5, B3 . [ BRJE K% ALP )
RREBEN BAAB TS . 58 LI FESAUMR
(1000 we,1 Hz,30 min/d,2 d) o] DL E 1 55
YT, T ALP 35 1E & OC &R . XTF N
SO 20 R B A AR I R, 45 A F SR 45 R IR E
e B, XM B T 40T F AN AR BT %
B R FIH N , BT 58 -5 7 10 2R 4 20 i 2 B KR
[ 122506 K,

ARSI R BB AR IE R ALP % 1 B R mRNA
FR B BRI B U] SRR T &, HL7E 24 h BF
ER TR AL, B8 R ACEAE I b6 B B 2
FE. U LR BRENBARFEEKN
(10% \1 Hz) ] LAE N .13 BMSCs 4B 17 434k
BRI BRI
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I LA R B 22 1) SE 36 F S Runx2 2 H ZE AL
WO R I EEER, 22 M TR 2Tl
TERMSIC A . J12# (55 " LUE i MAPK 3@ %
f# Runx2 BEMRAL , SN BB 40 L AL i IR . Zi-
ros 25 R STIE L, HLA B RE I N A JE JE 40 e
Runx2 2 Jj %155 WIE4F , FARIR IR E S ML hr
Ve T A A 40 i e T 38 i 55 DNA L BB 41
Huke oot 2 S G J1. A, Runx2 38 7] DL
L BRI RN N RS, BB EREA
PEREN | Koike 21 BFFE T K [FIIR BE O3 423K
N I35 R BB AL T T 40 M bk ST2 Mg, 455 B
AN BARIE BE IR 7 (1% /5% ) W] LASRTE ALP 3% 1%
B Runx2 B (5 f) R 55 RZ, & 08 8 R )R A
(15% ) 2 ] Runx2 3 P4 K B 48 26 3£ B 7K O
Kanno 25" 4R 38 T 25K /R I F B BE 40 T LA
98 Runx2 B J& T I B 2 B B K, B
Runx2 76 B 44V 80 A B Y it A2 v & HE R i
SRER

A SZ4E L I R Runx? B[R K SELE T B E LS
W B3t i ,6 h kB i 0, {HL B 2 o B[] B 4 S
B F . Runx2 & Rk 4E R 5460 mRNA
AL R BB A O R — B, PO BRI 07 A R o B
BT IETH , Z 5208 T e X W RIEENIE T Runx2
YE g B 1 A i S B F i R HE I OGS VE . (HAE
T a3, SEE A B A R R KT 8 FTRR AR, B
53t RAM LI ZRE BEE. DL R
—ANBTHYEER], 10% FF4E5K N 1 RB A X BMSCs &
AR B RFEE FVE R, ek & BMSCs RILH
B 1) AR AR F MR 7 3138 i —Fh o
REMEIE N o X S [AEHRA FRF LI HE— 2B 5T .

2% LR , 109 1A s ¢ 22 42 7 Ry g BT LA 1
K B BMSCs (W34 FE B8 7 , HAR E H R 1 1) BB 7 1)
34
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