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Study on osteoblast apoptosis in response to mechanical
stretch in vitro

LI Xuan', ZHANG Xao-ling’?, SHEN Gang', TANG Guo-hua'.(7. Department of Orthodontics,
Ninth People’ s Hospital, Shanghai Jiaotong University School of Medicine, Shanghai Key Laboratory of Sto-
matology. Shanghai 200011, China; 2. Institute of Health Sciences, Shanghai Institutes for Biological Sci-
ences Chinese Academy of Sciences and Shanghai Jiaotong University School of Medicine. Shanghai
200025, China)

Abstract: Objective To investigate the effect of mechanical stretch force on the apoptosis, proliferation and
differentiation of osteoblast cultured in vitro. Method Rat calvarial osteoblasts passage 2 to 4 were used and
cell apoptosis was induced by serum starvation after 2 or 4 days of static culture. The osteoblasts were then
subjected to cyclic equibiaxial stretch forces for 72 hours using Flexcell 4000™ strain unit. Apoptotic levels of
the osteoblasts were quantified by flowcytometer right after the stretch application. The cell humber and alka-
line phosphatase (ALP) activity were also evaluated. Result 6% elongation of stretch force led to a decrease
of apoptosis rate with an increase of cell number, in which cells stretched after 2 days culture were more sen-
sitive, showing a 45% decrease of apoptosis rate and 34% increase of cell number. 13.6% elongation of
stretch force elicited an increase of osteoblast apoptosis while the cell population was decreased, in which
cells stretched after 4 days culture were more significantly affected, showing a 192% increase of apoptosis
rate and 64% decrease of cell population. ALP activity was declined upon the two force loading magnitudes.
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Conclusions Stretching force can affect apoptosis in osteoblast culture. Different force loading magnitudes
could control the osteoblast activity by accelerating or restraining the osteoblast apoptosis.
Key words : Mechanical stretch; Osteoblast; Apoptosis; Proliferation; Differentiation

4 H 9 T (apoptosis ) 278 B A MLAE (R N SR T 2R
& A sh A B A FERHLED, 85 S P9 U8 M DNA
WSS RN Esh MR LT R . AR
MY A R ST b —AF , ST 4R R MR 3R 55
RERAABEENEYYE L, RENREIMNERD
AT RIE R AR T R R 3E B TRk
ERRMELTBE L LY [, wE 40
TS5 TEERWENTRE, EHFIuEE K
BN BITESHMEREE SRR YA K
HHRET R EAS AR, BB
PR X IR BB L R 50% ~ 0% To ik 434k R
AW EHRS 580G, X5 5E 40 A 2 3 40 A
TR MY, ISR EIE ST, Sh AR 14 BB 2
MUEIRT A R0, AR Sy U] AT i) TNF-o 3528
BAEMRET ™ WK S S0 i B 4 M i
T SR, EEGHUR ) T 1B 40 B 6 12 5 W 4 BF
TR AT, i = A [ 22 5 7 6 B 40 i 48
T I EHLH BB

AMFFTE T Flexcell 4000™ 41 il b A5 i % & 48
o R SR 0B B 4 Rt o e B P i AR, 3 I
AL AR T KA TR I, (5] B TR A KB 4
BETE AL O, B 5% FE 0 1 ol L A5 1 R B 4
MR T AR, I BT S AN FE R AR R
DT 204 FE BT e e oy 2 Xt B A M 9 T IR

1 #B5FEE

1.1 R BRI BEa

BB A (<24 h)SD KB, TR A N 3RBUT T
R WP PSS A 4B B 4R, I A E AR
SH10% FBS (¥ MEM 35353 8500 T 75 em® 535
MR H R AR E B R G REH 8, M 90% IC&
BHER PL ARG, B P2 RA1ME, 3557 1 JHJG 2404
RIABNEBERES G CLBATE ; 2% B-H B R 4k F1
PLIA M BRI B R B 57,2 5 AL SO e i 4k
g7 R G R ST R B A R
RSP BIIRE, ALHERA P2 ~ P4 R 0B 40 i
YERBFFRITE o

1.2 BiE4AatEsR AR K T e

% F Flexcell 4000™ 41 B 7 25 fin 2% 2 45 ( Flex-
cell 23], 3 H) BEFRAMB LB MM . B[ —RK
R RCE AL LA 1 % 10° /LB R TF 40 Mo hn J1 4, 43 51
¥ 2 d M4 d )G, BEE MG, R
Ny 6% B 13. 6% K IPETRRLAL W F ) 0.5 Hz,
M T2 h, WRIESHEFRIT 5 d H(HFR2
dJEnJn) 7 d HEFR4 dJFmI1) % RARH
HRRE R ABAITT .
1.3 Fe o e {SCAE ) Y, B 4 B =

IR0 g 5 B 2 W B A i, 53 ] Annexin V-
FITC/PI( BD Pharmingen, 55 [§ ) W3¢ 8 1= K fi 20 40
M AR AT, K5 7d XHEAME TR
YEJ9 100% , 53 5t HAR A AT T HL 2R
1.4 B BT

20 s J5 B0 2208 PR R 46, 1 000 r/min 25
05 min ZEREEFRIR, PBS B 45 B0 IR
R B ( LR BN = UERAR AR, P
) AT MBI B, AR AL T3 IR BUAE
1.5 mEREERES (ALP) & iEMR

A0 My S5 TR BN Z0 S AR 20 M, (55 A pNPP 35 (3
TEALIEBEIR 40, Sigma, R [H ) WE ALP HO &8,
BCA ZEH & R & w50 & (PTERCE, S2 [{ ) ) &+
MR, PIE MR BIURAEA ALP BYE M. K
7 dXTHRA Y ALP 3EHEAEN 100, 43 5T HEH AR & A
i3 ALP K-,
1.6 ZitZEoH

PLERVR LS B 3 IR, A SAS 6. 0 B
BTG 0T, BB DL« £ s T, FATECRT ¢ 4

. o

2 #HXR

2.1 FAHtERNTERERHARATSH
FETC LG 3SR, % R 4 BB 40 i 2 30—
FERFET R, A7 d AR HT-REB S d 4
fiR(P <0.05) , AHFEEIATEHRN EERT,6% HH
Bk RS E] 72 h J5 L5 d HELE R T RN

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

F B, % APEKETERTREHEATHEME
LI Xuan, et al. An in vitro study on osteoblast apoptosis in response to mechanical stretch 225

XFHRALIN 55% , B R B E 25 (P <0.05), e
13.6% By WPk B 2R/ R, 7 d R 40 M
TR WEEM(P <0.01) %t R 292% o TiAH
(55 77 IS 6] B4 B 4, 5 d L BARTE 13. 6% K JH
PR AT AR T2 AR A 6% 114 AT P 5K
RAAE A Br Lo, B E ZR LRI E Lo
17 d 417E 13.6% ) AR TN RE R R, BA
JE R T2 3R % 6% B FRRITETR R AAE T T A B2 LTt
(P<0.01),

O Cont &3 Strain (6%) Strain {(13.6%)

BiEnd e / d

E1 FABttEEHERTREREARACHESES
(*P<0.05,*P<0.01)

Fig1 Percentage of the apoptotic rat osteoblast cultures after
72 h of stretch loading (" P<005,” P<0.01)

2.2 FMRKNTEREREABRBETN
HHE B E TR R EE R T ,6% M5k AR 45
BB AR B g, Hodr 5 d 2 M 4 AR X
MR 134% (P <0.01) , T4 13. 6% (15K p ZEFE
FF, BB B kb, g, 7 d HWER N
XTHRZH 1K 36% (P <0.01) . TiAHFEREFATE R,5 d
HTE 6% BTN AAER T AMEHE ST
13. 6% [ 5 N ASVE T BRI 4 (P <0.01) ,7 d 4
WEIMFAGEE, HHEREARITFRE (P <
0.01),
2.3 FHMRNTEREREHME ALP fHFEETL
AH TR B R PR TR B AR T ,6% 895K R AR 1R
72h 5,5 d AREAUAEH ALP TEERXT RAR B
EFRE(P<0.01), £ 13.6% KM EERT,7 d
2 ALE A ALP 35 PERRIESE BT, i AR
X HREA I 31% , TAEAR B FRItE S d HMT7 d 4
T E A MEAE AR R SR B MR T, ALP 54 TR0 ik
5o

OCont 7 Strain (6%) [ Strain (13.6%)

,,,,,,, * ‘;—‘*
2 6 ) .
) S e
= L
For[ -
5 7
HrgEmiral/ d

E2 BHEEEAERATABRKEHEmITE (" P<0.05,"P<
0.01)

Fig2 Cell number of the rat osteoblast cultures after 72h of
stretch loading (" P<0.05,” P<001)

D Cont @ Strain (6%) B Strain (13.6%)

o]

w

<
1

Relative ALP activity /
absorbance/total protein content

BIrutE/d

B3 FERAMEATARABHEMN ALP FEEEST

(*P<0.01)
Fig3 Relative ALP activity of the rat osteoblast cultures after
72h of stretch loading (~ P <0.01)

3 g

TESNFHUR S RITET | BH 40 M B9 S R 4
PURHEE R PEBURR (B o R 4 M R AR S
N A 5T B AR X LA 7 F A e S S 3R T
B SR, LUEE [ PeAhai 38 6 F B LA ) s
BIARRREE , (3 9 0 2 77 5K Can A R/ g i
[ N SR ER ) A AMIF, SEBTITLERA —
B ACSEEGRH Flexcell 4000™ 41 g B 28 i
BRGE, N A S S S A K T o

TEARZ WAL 1 B 5 8 2 9 2 J 9 L ok
A8, B Bk B 25 14 S 6 E S A 1 o R 7R SR A K
R 32 P 40 L5 12 60 T B 1K) ) BB, A R R M
REFTER RANLIME. KT, LERTITRRS T
BTV R PR T S AR X R AR M SR B P IR
mte e R IBEST R, B A AL
BRSSO R RIEE TR .

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com

EREMHE $£24% H£3H 200946 A
226 Journal of Medical Biomechanics, Vol. 24 No.3, Jun. 2009

Weyts 211 % AERAR R 40 R BEAN 72 b i1 3
2 S H A B, A 9 TR, (A A B A
A& AETY AR,

7 SE TR AR SR 200 P B A A it 2, B X
B KRIARIT I FES R PTAI E] 2 (2 d A0 4 d) 1
AR BEAT SIS BT . 1 SERATO LI S R Ty i
P ACE AR T, R A SR A E A 4
A8 3, TS FE S 41 O A g %ok v 40 ML 4R 12 B 2
M. XK Ay 20 LB 22 K A R R 4 Ol
(21% )\ (14% ) FE (7% ) #5K J1 =G FE 2R
KB T %o A2 5K FTHE X BLH 4R OPN FR 41 il 7 BE /)
T 14% i35 R, Wi A 5K 7 (21% ) VR I F 3
JIME 12 h JEREE WRIERI 0T, AR T
6% M1 13. 6% PI~IKN LS H, R, AAEBTTTA
N L/NT 24 W BSR4 R AR AR B
7,1 Hz L)L AP HISRER 28 fin gk A5 4 P i A
LAY DI, AT R 0.5 Ha (K444
AU INZR 72 h B9 R HR TR R AR AT

AW R GR B, A RIS SR E T, 6% i)
JE PR L A8 AT LAT ) A 4B 9 T, T 13. 6%
F¥ JRI 3 P G 2 T 2 2 S A I R s (IR IR 1)
JEL PR L A T LA 2 B B R T B R A, He
JMEEBEEMER . RN, BE 20
T SRR UG, ik S d AR T
d 4,6% JAMERN AR 51 T SR A A R A B
i 13. 6% J& IR R AR T T 0 M B B R AR
(ORI 2) , T B B J A A 1 7 T AR 3 B
ARRAYIEEE , T R E S A AR AR,
R ERE — 8T G IR, 4
PR T E T MR IR E B O, A L 4
RE7R,6% FAWIPERNIAST 5 d 20 F 40 g
Y 34% TAMEPFE TR TR T 45% ; AR, 13. 6%
JAHIPEIRRIAE T 7 d AR E QI E T T 64%,
TR T R T 192% . XMW, RATM
KA ARG TE — A, L R PR T SR R R
BACMER . m bR AS, BR A Y R T A
PEREAE SR B B T AR AR

FBRFEIE S, Toie R A PR Tk R A 5
FEAH IR E] T, 8597 2 d BB AIE(S d 40) XF
6% H) RSN IR, TR SR S d G HRE 4R
Ha(7 d 1) X 13. 6% JE BP9 N A8 B BEBURR, R

JRIFAE TR AR BB AR R SRR R T 5 B TR
Kob, B SUMIRFRI A R RN, B A1 IR
R [rl e i 5 H AR BE R ], Lyneh 61 R B, ik 51
BRFR B U A MR AL R At BB 2 B R T4
e Do T PROT AR AT X 8 T A A I R, R
TR T RUE AR ALP {61, 45 R BoR, ZEPIF
THE R FRIPESR B AR BT , BUE 40T ALP 354k 2y
AR TRE . TERBIVE KRR T , e A
Mk SHASARE LN B, XXFT
Weyts %1 (BFE 5 5. T [RJE5 9% 0 1) T B0 40
JaXFAh I3 OB B2 S, T R B AR TEAN [ 2 B B
Bt , 4 M R 1k AN R B A o A TR Al
FREARMET AR SR I 18] 14 R BE A BT AR,
PR AR, Jaasma 21 % B, 40K/
241 e i R A LT 25 5 B AL FR) )~ PR R I AN A
S I R DR R 40 A W A R3S Y
1.5 ~ 1.8 4%, d 48 A [l % B B BSR40 G 59 40
JELR R A0 M ) PR3 0 M O ) PR B e SR 45
FRAE, BR5E T BN R BTERERI 2257 o

ER B RV IR, AR TN AR X B A R R T R
AR o 38 R TR R T N AR e i B R A
T2, TR ZEATRR B A A 5 H R I SR B 2 1 KoK =
BOSE M A T 3R A3, 40 A AR 0 B B 9
PSR , B 40 M P O T A B A1 40 S ) B o
RYFEEEAR M A SR A0 M T AR A s L
i, A B FIE o AR IR A T A R A9 =
BRI VBTG NEEET . iR 2
D75 S 40T ER TR LR AR R T, T BE RO Ok
BT BRI B RN AR,

S E WK

[1] Lynch MP, Capparelli C, Stein JL, et al. Apoptosis during
bone-like tissue development in vitro [J]. J Cell Bio-
chem, 1998,68(1):3149.

[2] Gu Q, Zhu HM, Zhang XJ. Apoptosis of rat osteoblasts in
process of calcification in vitro [ J]. Acta Pharmacol Sin,
2002,23(9):808-812.

[3] Rz, FRE BER, % RERRIBMMAEINETE K
AT J] . fREHTE,2003,25(4) :285-286.

[4] Greenwald JA, Mehrara BJ, Spector JA, et al. In vivo mod-
ulation of FGF biological activity alters cranial suture fate
[J]. Am J Pathol, 2001,158 (2):441-452.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

= ME,%. BEERETERTREHEEETHENRR

LI Xuan, et al. An in vitro study on osteoblast apoptosis in response to mechanical stretch

227

[5]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[(13]

Mehrara BJ, Mackool RJ, McCarthy JG, et al. Imnmunolo-
calization of basic fibroblast growth factor and fibroblast
growth factor receptor-1 and receptor-2 in rat cranial su-
tures [ J]. Plast Reconstr Surg, 1998,102(6):1805-1817.
HEG, g A S EEE ] P ESEIBIRE,
2000,7(9)894-895.

Jilka RL, Weinstein RS, Bellido T, et al. Osteoblast pro-
grammed cell death: modulation by growth factors and
cytokines [ J]. J Bone Miner Res, 1998,13(5):793-802.
Pavalko FM, Gerard RL, Ponik SM, et al. Fluid shear
stress inhibits TNF-alpha-induced apoptosis in osteo-
blasts: a role for fluid shear stress-induced activation of
PI3-kinase and inhibition of caspase-3 [ J]. J Cell Physi-
ol, 2003,194(2):194-205.

Weyvts FA, Bosmans B, Niesing R, ef al. Mechanical con-
trol of human osteoblast apoptosis and proliferation in re-
lation to differentiation [ J]. Calcif Tissue Int, 2003,72(4):
505-512.

BB S SREP R R L ] s
Fu7,2006,6:429-431.

NG, SRR, VoS BB T 1 % 20 43 0 3 B
[ J] LY 2R, 2007 ,1:109-114,

Visconti LA, Yen EHK, Johnson RB. Effect of strain on
bone nodule formation by rat osteogenic cells in vitro [J].
Archives of Oral Biology, 2004;49:485-492.

Motokawa M, Kaku M, Tohma Y, et al. Effects of cyclic ten-

[14]

[15]

[16]

[(17]

(18]

(19]

sile forces on the expression of vascular endothelial
growth factor (VEGF) and macrophage-colony stimulating
factor (M-CSF) in murine osteoblastic MC3T3-E1 cells
[J]. J Dent Res, 2005,84(5)422-427.

Tang L, Lin Z, Li YM. Effects of different magnitudes of
mechanical strain on osteoblasts in vitro [ J]. Biochemi-
cal and Biophysical Research Communications, 2006,
344:122-128.

Carinci F, Pezzetti F, Spina AM, et al. An in vitro model for
dissecting distraction osteogenesis [J]. J Craniofac
Surg, 2005,16(1).71-79.

XK, R, 2, TRAR, R, YIARER IR I
UMR-106 415 #F 5 FH mRNA fil TGF-B1 mRNA ik
[ J] R O R R 2Rk , 2000 ,35 (1) 27-30.
Sanchez-Esteban J, Wang Y, Cicchiello LA et al. Cyclic
mechanical stretch inhibits cell proliferation and induces
apoptosis in fetal rat lung fibroblasts [J]. Am J Physiol
Lung Cell Mol Physiol, 2002,282:448-456.

Beltramo E, Berrone E, Giunti S et al., Effects of mechani-
cal stress and high glucose on pericyte proliferation, ap-
optosis and contractile phenotype [J]. Exp Eye Res,
2006,83(4).989-94.

Jaasma MJ, Jackson WM, and Keaveny TM. The effects of
morphology, confluency, and phenotype on whole-cell
mechanical behavior [ J]. Ann Biomed Eng, 2006;34 (5):
759-68.

(CEMEMNZBENZFEYMENVETRE

CHBHAEY 138 12 EY) — B BN ARBRABOR W AR AR A 4T , %45 A ( Basic Orthopaedics Biomechanics and Mecha-
no-Biology) fJ # SL iR , { Basic Orthopaedics Biomechanics and Mechano-Biology ) & ¢ Basic OrthopaedicsBiomechanics) f %8 = it , t
R H TR CRGHEE P o A —RUOMEE s ml B T 1991 4250 1997 48, R E B IR A 2L, Wi
F:4 Van C. Mow( BHI%E) F1 Rik Huiskes B A ZE MR LEY) Ji2:2 3, Van C. Mow UM R EE R TR+ ERX TEA
YL FE RXEEREERZ R T BHE LT RE A Y 2 TR FAT, S F RGBS NEY 2R 5HEMEREA
<Z—;Rik Huiskes Bl 24¢ Journal of Biomechanics) 2275 B 4% o

EBERPIUIRNEA TERNERN . 2AMETNSHEEMETRaHEY %" CRERNEFHRA TR EY ¥R
Y7 R0 Ay RRL” B O T R BT TN A BB AT HEAT T ORIBETT , DR BE B A 9 124 0 ) 5 A ) U8
BT HE R AIE RN A o MR A TBLRE AT RAEY H #FE BRI R EA R RITiE A !

A4 45 . [ 5] Van C. Mow, [ 7 ] Rik Huiskes
AHERF G, R ER, 2, O

F R, R

Y120 Jo/ A

VA A E B (R Y 128 ) i iR #7008, e B BC AR SR B A R —ERF A&, BETAWNT:
R34 :021-23271133 £ H . 021-63137020
B, T{5 45 : shengwulixue&gmail. com EEZR N : TEE

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

