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Effect of compressive stress on proliferation of human bone marrow stromal cells in
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HIRGE SRV . Jiik DU A g 20 TR, X LR AR %y 0.5 He, JE 456 08 B 4300k 2% 5% 10% \15% |
20% 9 1 7RI hBMSCs (2 h/d) o 5] # ARG W ANMIE A R B SIS T WA 2L TR S, & AU Y] Jfn HE 3L
S T ST AR AR A A S AE RS . MTT 35 A 204 Mo B ARG I 240 B 3 7 AT A KR . 855k R4iiR
BER 2% 5% 10% I F iz 77 FNEFT i i hBMSCs 3851 ; F 4 R BE R 15% \20% B i 1 il i 4 g a g, Horb ) 109% &
R B R A0 R A AR By 2, AR 4R LU R I R RS, S HAAH A 43 bE (27,45 +0.25) % 3% BRA1 (19. 15 +
0.26) % 105 43.34% , g5 & 2458 BEAY E Y T T2 3 hBMSCs W35 5% ~ 10% B FE 45 i B S48 iF hBMSCs H4%% i 1&
AR,
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tissue engineering bone
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Abstract: Objective To explore the effect of compressive stress on the proliferation of the human bone
marrow stromal cells (hBMSCs) seeded on demineralized bone matrix (DBM) and its optimal range of intensi-
ty. Methods The tissue engineered bone was built with the method of double phase inoculation after the
hBMSCs were isolated and cultured from fresh bone marrow sample of healthy individual and DBM was cut into
a cube of 10 mm®. Compressive stress with the power to make the cell body shrink by a ratio of 2% , 5% ,
10% , 15% or 20% at 0.5 Hz, was applied to the hBMSCs for 2 h per day. The cells were harvested after the
stimulus for 1, 3,5, 7, 10 and 13 d respectively. Cell morphology was observed with inverted microscopy, and
the ultrastructure of the tissue engineering bone with scanning electron microscopy. Proliferation and cell cycle
was measured by MTT assay and flow cytometry respectively. Results Compressive stress promoted hBMSCs
seeded on DBM to proliferate when the compression ratio was 2% , 5% or 10% ; but restrain the cells to
proliferate when the compression ratios were 15% and 20% . Among all of the compression ratio, 10% showed
a most prominent effect on cell proliferation. It increased the percentage of cells at the S phase from (19.15 +
0.26)% (in control group) to (27.45 +£0.25)% . Conclusion Compressive stress promotes the hBMSCs to
proliferate in a certain range of intensity, and the intensity with the power to shrink the cell body by 5% to 10%
is an optimal range to apply.
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AR A R 2 AR A, B R N 7 % hBMSCs 1Y
YEHT B ARG ANTE 48 o ARSI B 7RI AN [R) 5 J3E 119 1 1y
J1) 3% % A A hBMSCs 388 5 (4 75, LA 38 3 42 F
hBMSCs 48 1) 38 45 1 7 77 568 FE 3 ], S A il 39 780 A
WV e AL PR A 2 40 T AR DA Btk — 2
WF5E 0 F7 42 2E hBMSCs 3851 A9 ML il $2 136 S 45 40 5 o

1 HRE 7%

1.1 2Z2XA 5%

Percoll 43 B ( Sigma /A &, 32 [#) , DMEM/F12 (1:1) 5%
F:(HyClone A #], 2 [E) , U 5 iR 47 178 ( HyClone 22 H], 32 [H) ,
DU AR M (MTT) (Sigma 23 6], SE[E) , BAL I BE (B2
Al,db5T) , RNAseA (AR A, dba) , HHl i 7 WU WA
(AMRAY-1000B, 35 [H ) , #H2= i #8585 (OLYMBUS-CKX41, H 4%) ,
IR S Az 3 ( ModelSS0 B4, A A 745 T ), gt =X 40 g X
(Becton Dickinson, 3& [ ) , It 55 JL it ( demineralized bone ma-
trix, DBM) (ABHZ L) | Fn Sl (AR ) o
1.2 Fik
1.2.1 hBMSCs )5BS 51555 T E L 20 ~ 30 2 {dtE £
PR WONES EEBE S5 ~ 10 ml, JFFRSiEE. I 1.073 g/ml Percoll
WRBBEES L, LA 5 X 107/ em® NIRRT 15 IR0, 5 15% 2
I3 Y DMEM/F12 35530, & 37 °C,5% CO, fa Fi B 153746 N
W3R, RSN M ORI 80% |, L) 0. 25% BRI AL, 1%
13640, & 10% IR 4= 1L 3% 1Y) DMEM/ F12 5 FR il 4k S5 3%
1.2.2 DBM f4b3l  {E#E TAE G hIEE &1 K DBM
A 6 fLAR T I35 25 10 mm x 10 mm x 10 mm R/NJ5 e, fin
A BER s IR B 1 I B S B AT AR T R PR B, Y 3
FRMATAR AR 1k o W 35 5 W, B 35 T O SRS 7K Y
37 °C AR P DBM Herb K r 1822 R T
1.2.3 WUREFAMEALUTREY R4 80%
A RS 3 AT, A B R IR . BT 350 ml K
WD AT E Tk FERRE A FINA 4 ml 5 o/ LI
W .0. 5 ml 10 i & DMEM/F12 %59 .0. 5 ml i 4 I3 , 18 57,
W pH (EIETE] 7. 4, ) OB S BE S o AR H05: 4 e B —
SR B 0w R EE R Y R R B O A B 1 R
hBMSCs (8.0 R ATIR A, BB R 1 x 107 ml ™'
-0 LA, 7 B R B WA T i £ 6 LA DBM 3 |-, 5
He300 wl, ¥ 6 fLAEA 37 C & 5% CO, MBEsa H s,
15 min 5K 40 ig-DBM & &y ¥ B, 30 min J5 iIIA 5 10% Jif
A= LT A9 DMEM/F12 555700, 4L 8 ml, B TIef rh 3555 .
1.2.4 N 3t m AL L s B35 iR EATEATHRER
BT HE W it AL 45 3 A B0 45 4R B, 3 6
REJIREINEE & JHPEERE N | AR R AL,
EIPAE S ROk e o AL SR I b ) | B = R R el 2 )
ML GRS SR = 3 A8, BB ERT A mER
1B Bk B SR A N Y 2H R TR B N T N D e AN T R
BH AR TRERANATRE S 0 ~ 48 mm Y LR 1 i35k, vl 4
B 0.1 mm, L ATHEAIAR /N A O ~ 98 N A HE I AL, AT
HAR 0.02 No il H 17 g 3098 vl 3 5 AL i e BT

208 14 i 2 ks 1y 3 L, T st T 8% 2 S 7 3 34 e P A5 % L e s
[
1.2.5 Seosrel R AY ZH A TR R A ol xk BE ZE RN S
H(ELEIREE 2% 5% 10% 15% 20% 1 ) 710384 o %t Bg
AT AR B B i B % RME 0 N . AT
A LIA AR TR E AR KR REN, I IAS
10% JiG 4= ML7% i) DMEM/F12 555200 4 ml KR 7 i i & i A
WEFE N, Ja e A Ik I 0 R 4 i R 4 R 2% 5%
10% \15% 20% W FE N 7RI, 2 hyd, JeAb 38 13 d, it insfilisese
B, TOTR A TR 4 23 TR B o LR P 5 7%
1.3 &l $5 47
1.3.1 {58 5 s Wi g SRR, A3 B AEAS TR B A A
FE5 25 A 25 5 00 X0 4 4 L R 5 o 30 1 0L o
1.3.2 Effisilisg BAFREN IERTFEE 1 ENE
ZHAH T AR BB B, PBS RIEEDE 3 1K, 3% [ VA TR [ 248 h,
RS RAIMIK, Hoas T4 SR me 4, B S AR A 2 TR |
PR 20 B B B4 43 AT T 0L o
1.3.3 48y pME BESAEE 1 ARAs TS5,
PBS 1% 3 1,4 C 4% 2 JFREREE 48 h J5H R # Y J HE
Yufn, (518 BB TSR ANAE JE B e S 8 R o A I
1.3.4 MTT iERm st K i ARl Tigas
THREEFENE 1.3.5.7.10.13 K0, 7ETCHE &M T BRI
HUTAREY IR H B A8 6 LRI, BEER $h 22 vh W vh ik 2
i, A 6 ml MTT(0.5 o/L) ¥, ZEMFFE N 37 CHEF 4 h, )
HMTT %9, A S ml %5 0.01 mol/L R 2 Ay 1k ik 5 P VA W
VEME, WL 150 Wl BEBE A 96 FLAR P , 718 ATEEE 52 i I3,
AP, 8 490 nm YA, AR B — AN F 4 I A PR AL, 7 BRI
SRR AN LD 5 & FL OB 25 A [ D (490) | LA [H] 2 %
B, D(490) {E AP\ 2% H A0 AR R 28
1.3.5 34t e 4 SCofe: I 4 e e 34 MILBEEEE S d W
FLAA LT AR S 1) hBMSCs, PBS PE¥ 2 WK, il 7 A T8
B 75% B, 2% JRAT, L1 x 10° A 41 it 55 5 B T [F o2 20 i,
4 °C,30 min, 37 2% [8 2 W, F #0417 PBS V¥ 0>, 37 °C LA
200 pl ¥ 1 mg/ml fYJ RNase 4b34 30 min, 2.0, 5 40 HJE
JE R, 4 A0k 1 x 10°/L, fil A 10 mg/ml f) LAk Y
0.5 ml,4 Ca#ENEYet 30 min, FEFUANAEIL 488 nm PR AT, 35
% DNA a4 gl 7 B 4RI PR T2 bl LABE 58 46 54 ( proli-
feration index, P1) 4347 i 71 %F hBMSCs 43 24 1458 7K - 4 5% 1]
Pl=[(S+G,/M)/(G,/G, +S+G,/M) ] x100% ,
1.4 %it5om

J2H SPSS 11. 0 GEit B AT SR R 7 220007 . AR
[ s R ] Tukey ¥E#E4T 25 K

2 HR

2.1 HAEFLER

80 S OB T DL A 5 4 &) A T SR ALBR R, 20 4 h
JEAMTER K 2E7 TR IR ZE L 8 h 5 A A0 JE R4, B i i
PR, 10 d I, JBe S o vl DL HAT — 2 B PR A 40 i
(B 1) o HHA R 10% 453 0.5 Ha 1 3 30 3 4L 40
WOAEBEIE N o AT I 5 B
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AJEME 10% 4 XRILBRALXEA—EIH LR mE(4), 24
YR AP RIVHTILC T ) ;BB LR ILM P T ATk
Ve e () BT F RILI( 1) A28 I B ARAR

Bl EF10dALTESHNEESENE  (#E ZHs: x100)

P AL VLR A B 10% FE 45 J5E 14 TR 157 10 SRPE DT B
BRALSUT AR (] 2A) FLBR R TR 2 A 40, 7 il — 2K,
SRATES) A R R Tk IR (€] 2B) o T 20% JE 4 1R
JEE 9 RIS 0 A R 35 B R LU T AR (1 2C) FLER N R4
AL AL I, o A R 2] HESIAN 5F TR SN B, 4R
i Y ARG T IR A

HAY] 7 WEETT DL 10% JR45 e R 16 T 1T R F T s

BIHS TRE (E 3A) L4 4 i it P 8 2 F X0 R4 (&
3B)  ANA oA T 5] SR WA £ . T 20% 46 e 14 HE
NI RIEAE A R E A ZUT RS (B 3C) S8R (00T I
D AR AR, JE T/, 4 AR R B SR ARG 0 BE AL
2.2 MTT #m & 4 ¥ ¥ &

MTT HHUEE W3 1, ks A K 2R, L8207,
A5 ST P 5 0 R AT ] B 2% 57 (P < 0..05) , e TR 43 53 Hy
2% 5% 10% H) SR 3 T A SE AN A 5, T H LUK R R 10%
A5 5, A A R £ T RS, A K e e K 0 (T
153 T ARR 15% \20% F) 552 50 4 U140 161 4t R 4 4, 240 B 2 ot
LIEH , A K I 4 T, I (E AR
2.3 @R R Ea e

JE I 3 SRR B AN [] , 200 6 00 AN — |, TR 2% 5%
10% R EAE G S AN E 4 He 4R =i (P < 0.05) , Hodh R i
10% 20 S AL A 45 Lk (27. 45 £0.25) % S % BE2H (19. 15 +
0.26) % Y155 43.34% , = THALP AL, WEIE N 15% 20% 1Y
SEHGZH S WAL A 4 LUK (P <0.05) 53X R B 2R 55 MTT 3530
TE MG RAIG . Wk 2,

ARG 10% 48;B . af B 485 C. B8 20% 48

2 EEBEHLATEEMNRABBREUR

A JE4E 10% 485 B 3 BB 405 C: /R 48 20% 4
B3 BEALATIRBHNARYANE (HEx400)

F1 FREEZFHEE[TEEHN hMSC HIEF SR MTT RMLER[D(490) ,n =4 ,x £5]

205 1d 3d 5d 7d 104d 13 d
Xof B2 0.093 +0.022 0.192 +0.036 0.487 +0.128 0.516 +0.035 0.526 £0.072 0.495 0. 088
I 2% 41 0.096 +0.037 0.201 +0.077 0. 486 +0.092 0.635 0. 093* 0.608 0. 1212 0.573 £0. 1112
R 5% 41 0.087 +0.029 0.195 +0.051 0.568 +0.085* 0. 836 +0.090* 1.004 £0.2142 0.915 +0. 1322
JER 10% 4. 0.095 £0. 026 0.214 +0. 063" 0.572 0. 1942 0.944 +0.101° 1.184 +0. 1222 0.935 +0. 1592
FEIR 15% 41 0.124 +0.045 0. 187 +0. 046 0.462 +0.076 0.454 +0. 0842 0.441 £0. 1492 0.320 +0. 0672
JE i 209% 4. 0.087 +0.027 0.145 £0.056* 0.392 +0.053* 0.400 +0. 066 0.385 0. 084* 0.274 £0.079*

a:P<0.05, 5 s BB rbik
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x2 mAMEGENARBPLHBMPIE( =4, % ,xx5)

4150 Go+Gy S Gy +M PI {8

i HEZH 74.34+0.25 19.15+0.26  6.51 +0.32 25.66
JEM 2% 41 69.07 £0.26*  26.09 +0.30*  4.84 +0.28° 30.93
JEME 5% 4] 65.94 +0.30° 26.58 +0.45%  7.48 +0.50° 34.06
JEWR 10% 41 64.57 £0.45°  27.45£0.25°  7.98 +0.63* 35.43
JEMR 15% 41 78.31 £0.72°  16.44 £0.60°  5.25 +0.45% 21.69
JENR 20% 41 82.43 £0.32°  14.57 £0.55% 3.4 +0.542 17.07

a:P<0.05,5 s PB4 b ik

3 it

2 TR TR 2 S RN 20 M 2B 2 AR
FEVRSMA R U T AR, Bk B RS B R R, A R i
Pl PRAG 52 I B bt R X, (AR ARSI Y 2
ZUT ARG oD 5 0 ) PR A AR 0 45 A A R B
ARAME TR B R B B & 52 122K, R A 20 TR B
AN AR PR BT — B E AL S T RSB SR Y B AR, 1M
F12F I BOE R B R TR R R B £ S E 2
— o A5 TR SN 25 ) I ARSI N A T2
WA AT e B Z g AEY hBMSCs f& 241
ST R AR AU, $0 60 5 TR R
AP MAFERIOME A o R AIF 2T 72 3% hBMSCs
MIVE A B2

AER VR & BRIE 2 i AR BY Y1) ) (5K )
BRI ek hBMSCs (138 58 K 434k , I Sk I AR 1 i
SRR PG AR SR A S > o [REA BIF ST & B
13T A A O i A R R Ty o PR R
ATHED S 7t BB 3 hBMSCs (138 58 K i & 431k,
SR IO 7 SRR 5 85 AN [ 2 5 5 e 240 o 3 K 240
WA= AR R 7 ZEL T AR A R AT
N IZBERE BRI Al R YL R 7 PR PRIE M B S EO
#E hBMSCs [ {ARSM$% K I A= ) B g i g A ol A 2
59"

FA T 2 [ 0 R e A SUURL 2 M D e e
MHEEFPEL AR, ST hBMSCs Jife il iz 1 3%, 2%
Campbell 2570 [R3Z38 B A 56 STk , #5157 7 30 3 i) e
R IE N 2% 5% 10% 15% 20% , B 5% A ] 3 i
JE R 1 il % hBMSCs {4458 58 (/9 /8 T, LA 4% A2
#E hBMSCs 3458 (1938 15 55

AR S5 45 SR B N 0 SR B R TR), %) hBM-
SCs 454 [V F 7R /], 138 B hBMSCs X 1 7 F7 i Jak
2 AT REAEAE— B 1 S A i —* A U4 o) 24
LB, 453473 0 B , 3K 5 ECAth X e 44 B9 D g W
1A SRR A A W A S, T

AR 5% ~ 10% J& 48 W@ 52 19 e W g 2 A 3 hBMSCs
T TE ) il R Y Bl . AR AE IR AR B L T hBM-
SCs R} Z B 423 10% B 45 B A8 (HAE R — AR Hk
SEHG AR | A B 5T 45 A 37 hBMSCs 7838 47 [ Y
JE N 7 A FE T 1 GRS T abb 350 45 5 5110 PR it
A NAA B TR WBEE X ERKEMEEY AR . [RE
A 110 45 S th, 2 B 1 4 1 135 e L 159 ) XoF 240 ik 1y
HOFE = AP o 5 IR PR AT B R PR Ay e R 0 i Y
JE I F A 2E T 40 M 00 0 T R

ARSI R F B 28 o ) RO A T A T AR 1
KR, BB N ) He 46 5% B X hBMSCs 451 (1) 52 1, LA
KCAT1 2 (A1 -0 6 21, I AF BT AU A ) I R A, A
U5 A PR BT A A2 2T AR R DL St — 25 i R I T i
i hBMSCs 458 i ALl Pt T 35 B2 S 504K 4
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