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W OE: BRY BIHRIARSEY S (FSS) 1B F s 4 A 2 D RE By R . 7% 4 41K RO g it 40 591t
im0, 30, 60 A1 120 min FSS (12 dyn/em®) 4, SEwe ey (5 WIEE FSS AR 1 400 I AR ) ) 181 I A 200 12248 1k, %
FH Image JHAFTTSEANML M TEAEEL, FLAERANM N 24 5 1 Ca® S50 S A A5 i 7, Bl PEmi R (ALP) MR A0k
I ALP 7% ; Real-time PCR A FSS HAS [ Bsf [i] J5 Al 4 L Y BMP2, Runx2. Osterix (Osx ) FE[H 31K ; Western blot
I FSS HAAS RIS ) J5 A1 4 B A BMP2, Runx2, Osx K 13814 7K -, R Quantity one #EATEE M. 58] 12
dyn/cm’® FSS FI A i 4 T 5 | EL A0 i 4T A4S 22 =F o 1 S AN AR BE (975 1k, L 60 min e W18 5 0 min 414 1L,
NI Ca® Mk JEAE FSS Hilik 30 min 5 B BT, L2 60 min b & A3 (P<0.05), 120 min J5 Ca® YR A% ; 60 min
ZH 1Y BMP2, Runx2, Osx HEPH IR 1354k P8 B FI8 (P<0.01) 5 ALP IS PET:E , 7EHI1EE 60 min B 5 4 B @ (P<0.05)
Z5i% 12 dyn/em® FSSFISRER 3 AL 4MARAE M2 I AE , R BMP2, Runx2, Osx &K K HAE 363k F i e A i
B AN BRI Ca® W B TR, IE IS 5 2k 5 B AR 5E 9 BMP2-Runx2-Osx {5538 1, 5 1 40 Be 4 b b s ALP
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Study on the influences of fluid shear stress on the biological functions and differentiation

mechanism of osteoblast

LV Qun-song, CHENG Hao, WU Xing-da, ZHANG Yan-fang (Guangdong Medical University, School of Biomedical
Engineering, Zhanjiang 524023, China)

Abstract: Objective To investigate the biological function and differentiation mechanism of osteoblast under fluid
shear force (FSS). Methods Four groups of OB were subjected to FSS stimulation for 0, 30, 60 and 120 min, respectively.
The cytoskeleton changes of OB after FSS stimulation for different time were observed by using immunofluorescence
staining. The fractal dimension of the cells was calculated by Image J software to compare the intracellular complexity. Ca™
response was detected by related kit and changes of cell cycle were detected by flow cytometry. ALP activity was detected by
Alkalin phosphatase (AKP/ALP) test kits. The expressions of BMP2, Runx2 and Osterix (Osx) were determined by reverse
transcription-PCR, real time PCR and Western blot after different time of FSS stimulation. Quantity one was applied for
optical density analysis. Results Osteoblasts stimulated by 12 dyn/cm® FSS can induce changes in cytoskeleton morphology,
microfilament richness and cell complexity, the most obvious at 60 min. Compared with the 0 min group, the cellular Ca®
concentration increased significantly after 30 min of FSS stimulation, and continued to reach the peak plateau stage at 60 min
(P<0.05), and the Ca™" concentration decreased after 120 min. The expression levels of BMP2, Runx2 and Osx genes and
proteins in 60 min group were significantly up-regulated (P<0.01). The activity of ALP was increased and the most obvious at
60 min of stimulation (P<0.05). Conclusions FSS stimulation with 12 dyn/cm” can improve the cellular biological functions
of OB, promote the expressions of BMP2, Runx2 and Osx in mRNA and protein levels. FSS stimulation promotes the increase
of Ca’" concentration by changing the OB skeleton, and then activates the BMP2-Runx2-Osx signaling pathway, which is highly
related to differentiation, improve the activity of ALP, a marker of OB differentiation.
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1.1 E&MHEME

DMEM 15573 (3& [# Gibeo 24 /1), Ak 4 Mg (bt
MU ZET), 0.25% [ 1 (35 Gibeo A H]) 55,
W TAES, PCRAL (1% eppendorf 23 7)), TS100 XL
{8 A A, ARG R4, P TR 4 (1
JIR AP UL AR W B2 T ARG %), 2Ot B ies
BEARAX, B T4
12 REmiasEi

BUg A KEL(72 h M) 14 B,y s, 40
2 D T P 72 Ak B A5 A P B, O A A e
TRFM, BT 5% CO,, 37 °C YU IEF48 h 55
o 4 A B 8 T TR RIS 75% DL ERHELR,
P53 AR 20 T Ah 5 Tl A A, IR A
FE 105 4> /mL, 5 e FP 2 F b, AT 5 iy 20

TR A B EANB HBE F . R 30 min 5
FEAERE SR ML I A SE R SR L B, 59 K2 2 d
YUARICTHEDE R, AL RS- 4
1.3 e K tm i FSS #5440

FSSM#R RS ik sh 2 | i 45 L SO L FA 7
SEMUT B LG AR R T AR 5 R ST 40 i ) 2%
R AR 1) e A AN MR o (5 R S RS
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1.4 3540
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XTI G @, 4 ,6- kI -2- |k (DAPT) X
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30, 60, 120 min Ji5 (1458 H A Go e 2 RIS, INFAEEIY
YRR SR 5 PR A EUR, BRALBERE 20
AR TR
142 EEEME  FSSHNERSEEE)T , MRy, fid &
2 AR S FUE A, 7E 4 30 TR
AMTB I (1.0 mL) FIFRPEA R (2.0 mL), [RI7EAS
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BRI, 7R 5 5 I AREAS , 2 (45 Th oI ACE (LI
5, R4, BE S min 5, 25 HE M, Wi e (5
P 610 nm, 1 em MAR) MlE A5 O
143 RT-PCR 5|¥i&it: M4 BMP2, Runx2, Osx
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nm I EE , 15 21 RNA MR B2 K ot i, P PCR A
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() PBS 2% il , PRIEHE A SRR LA R, & 3~5 sif
LR, [BIBE 4 R (BRRBIBEZ) 30 s) o #2636 2 sl
ALP Mg SEBGHAE R I TR . SRR IRFE LIRS,
B 520 nm, BRI E AL

£1 SIS ER
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) ER AN TR] 00 B T S A 2R B T A % 2 R A B Y 2
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AR ZE RS FNH BT PN, ULIEL 179 0 min4 . 4m#k
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1 FSS X A S 4L 5
2.2 Image J 2R A5 4 20 Jo 5 T e B oL
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YR RE 20 DAHRLEEST A0 AT, Gt as R Al 2 P,
0 min 4L AYSTELEELD R 1.66, 45 Hl L A 41 At 53
TE4EE05 510« 30 min £ D=1.76, 60 min 4] D=1.87,
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60 min ZHF|3AI(E, 120 min ZLAHXTAEA BT F R, {0
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2.3 FSS RIS T 48t Ca’ U E 69 T AL

& 3 ffizn iy 12 dyn/em® FSS IR 40 Ca™ ¥
(AEALTE DL . 5 0 min LA EL, 34 30 min f5 Ca™ ¥
JEIA T, AESE 2 60 min R Ca™ W m 4 F- 5 31
(P<0.05),fHH# 120 min 5 Ca™ WeJF MI7% .
2.4 FSS*FBMP2, Runx2, Osx ik B & ik 44 %

Jin#k FSS AN [A] s} 18] J B%H 4 S 1Y) BMP2 ., Runx2
1 Osx F:H FRIK A& 4 Fron. #HEET 0 min4, FSS
hn#k 30 min J& BMP2 F1 Runx2 J£ K fAH X} 2635 T
FH (P<0.05) 5 13 60 min 5 BMP2, Runx2, Osx

5@ 0.35

Ca’ W FEARS 2
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FLRARN A UE— 25180 (P<0.01 57 0.05) ; inzd 120
min J5 3 FP 3R A 1A w4 R R, Hish BMP2 1)
AR A AT E T 0 min4H (P<0.05) .

6 o 0 min
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* 60 min
i 4 * 120 min
*
ey
® 3 .
-}D? *
Z 2
1
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Runx2 F1 Osx H A AIFRIALEHILE SA . B, C. Quantity
one X 3 FhER FI4%HF HEA TARXT G228 BE 4 1) 235 SR DL 1]
5D, 5 0 min 20 F42, 30 min 20 % BMP2 25 (AT 655

A BMP2 75 KDa
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0, . 3 60 2
Wy g,y Oy,
B Runx2 55-62 KDa
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o, . 30 %) %)
25, 2, 2, 0 g,
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o, . 39 %) %)
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D 0 min
4.0 ek 30 min
35 60 min
120 min
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ZE15
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A, B, C: Western blot %47 ; D: Quantity one 54T

B 5 FSSX}BMP2, Runx2 FilOsx & [ AHF 235 AU
(*P<0.05, **P<0.01)

THE (P<0.05), Runx2 Fl Osx & AR ek 8 A T T+
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0.05) ; 120 min £ 3 FhaE AN Kk 2 F g2
B (P>0.05) .
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e AR A AL, TR PR A Bras e 1Y
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FEFFET , MBS 5 434k 5 BEAE DG ) BMP2-Runx2-Osx
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