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Abstract: Objective To investigate the role of cytoskeleton integrity in the expression of osteoblasts COX-2 gene induced
by fluid shear stress (FSS). Methods The third generation of mouse primary osteoblasts was divided into 4 groups, namely
control group, cytochalasin D (CD) group, FSS group, FSS+CD group. The FSS of 12 dyne/cm* was applied for 60 min in
FSS+CD group and FSS+CD group, respectively. Only FSS was added in FSS group, while FSS was applied for 60 min in
FSS group after pretreatment with CD for 60 min; no treatment for the control group; only CD was added in CD group. The
real- time fluorescence quantitative PCR, western blot and confocal laser scanning microscopy were used to detect the
expression of COX-2 mRNA and protein and to observe the change of F-actin cytoskeleton. The obtained results were
analyzed with two-way analysis of variance. Results The expression levels of COX-2 mRNA and protein were significantly
increased in FSS group, compared with those in the other 3 groups (P<0.05). No significant differences were found in the
expression levels of COX-2 protein and mRNA between CD group and control group or FSS+CD group (P>0.05). The
expression levels of COX-2 mRNA and protein were significantly decreased in FSS+CD group, compared with that in FSS
group (P<0.05). Conclusion The application of FSS can rearrange and increase the cytoskeleton, and increase the density of
cytoskeleton, keeping consistent with the direction of the fluid. The integrity of cytoskeleton microfilament is closely
related to the expressions of COX-2 gene and protein, while CD had trivial effect on the expression of COX-2 gene and
protein.
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1.1 #4#4

ELIA/NRL OB A 1~3 d ) (U1 R 2F AR g P 251
Wahrhaodift) s L-DMEM 3535 5 (GIBCO, £ [H) ;
Triton X-100 (GIBCO, 3£ [# ) ; ¢ 94 Jifi 4 1fiL 35 (GIB-
CO, ZE[# ) ; Trizol if ] & (Invitrogen, 3¢ [€ ) ; FITC-
Phalloidin (Sigma, 3% ¥ ) ; CD (Sigma, 3% [# ) ; Bk 75
WE (Sigma, 3€ [# ) ; COX-2 Hi 1K (Santa cruz, £ H ) ;
Rhodamine #75 it #¥) 3 T 42 T 4 (Chemicon, 32 [H ) ;
7500 4= [ 312¢ 6 E 1 PCR X (ABI, 2 [H ) ; Axiovert
200 3] & 5¢ Y6 5. ¥ 85 (Zeiss, 12 [F ) ; LEICA TCS SP2
PO IR AR B (Leica 2y A, fHIE) .
1.2 Ak

HUBH: 1~3 d N EE LA ZLER 10 1, St
TR T5%PPRE 15 min, 7 JCEHRAE G B 61,
TR RIENLA SRR, TCRAREIRERZE 7S (Phosphate
Buffer Saline, PBS) #JE 3 ¥k, FTHRB} 55 55 it fii 55, 1%,
FUCRERUE K L SRS S AT BCTE 25 mL B5 3RS
BE I BRI E 20 e A A SR A AL R i
R LR I, A S 20% 0164 13 9 L-
DMEM };i 355 5 mL, & T 37 °C . 5%CO. 15 F5 48 i 5%
4 hZ G e BRI, B SR Th Ak e R . A5
TR, S A LI T ICH 5 56 14 RAN ARG FE
P R A KRl 1k 80%, HEATTHALIZAX.

1.3 BBARKNEE

U 3 ARARMIE A, FH PBS Y& UE 2 Yk, IE T 4% 2 5
FH I &5 , A PO P E B R T ( Alkaline Phosphatase, ALP)
Jeta FIgE LT R A LE T,

1.4 #RAAR 1 N FnEEAR $l &

ARG 2 80% T, B H By % LN 1 35 3% 1, ik
AFATHAR /NG | 2 T ORGSR S5 78 A
37 C.5%CO, K5 3246 I , 45 FSS 4 . FSS+CD 4 Jiti fin
12 dyne/cm’ FSS 60 min; 45 CD 2 Fl FSS+CD £ 1 43
S CD (44 25 umol/L) 15 3% 6 h, X FSS+CD
2N FSS 60 min, &5 740 M S T2, PBS #hik 2
i 5 4% 22 B B % [ 5 30 min, i FH PBS 9% 2 38 ;
0.2% TritonX-100 7 i 2% 10 min, PBS F11 2 3 ;
1% 1 2 L35 F 8 18 55 2 IR AVE A 10 min (R YE) | 78
5 ug/mL (% 1%DMSO 0.01 mol/L PBS i B ) FITC-
phallodin %5 75 F %4 {4 40 min, PBS i YEPI# 5, INA 5
ug/mL A9 PI, 2 i YL {4, 40 min, 2% oh HimE F, o3t
RAE DB, DA e BT
1.5 LR E = PCR (Real-time Fluorescence Quan-
titative PCR, RT-qPCR ) #& 1]

1.5.1 cDNA & EL i FH 5 [0 22 4 1 7] G 4 LA
JLEVRNA 3905 538 U0 A 1 cDNA

1.5.2 RT-qPCR [ [z it FH 3& [ & 3% 22 4% 2~ ] Go-
Taq®Probe gPCR Master MixA6101 #£47 RT-qPCR
7RI RE , S5 SR AN 1 AR 2 IR .

%1 COX-2,B-action 53|4i& it
Tab.1 Primer design of COX-2 and beta—action

Primer name Primer sequence

COX-2 5'-CAGCAAATCCTTGCTGTTCC-3'
5'-TGGGCAAAGAATGCAAACATC-3'
f-action 5'-TCAGGAGGAGCAATGATCTTG-3'

5'-TCCTCCCTGGAGAAGAGCTA-3'

%2 RT-qPCREFi{F &
Tab.2 RT-qPCR reaction system

Group Concentration Volume/puL
Nuclease-free water 72
Upstream primer 0.2 umol/L 0.4
Downstream primer 0.2 pmol/L 0.4
GoTaq PCR Master Mix, 2 x 1x 10.0
cDNA 2.0

RT-qPCR:Real-time fluorescence quantitative PCR
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A3 4 2 AN ARE AR 25 T A N AR B S8 SR
W, i PBS #2806 2 ¥k 5 SR 5 2R T 45% 22 B¢ F e [ o
15 min, 0.2%Triton X-100 &L 40 30 min, 1113 ML
H 1 30 min, DA BR AR R 5 4L 2, IR A FITC-
phalloidin 4 “CIE &5 1 h, PBSHYE 10 minx3 ¥, Ml
A4, 6- K FE-2- K FE M|k (4, 6-diamidino-2-phenyl-
indole, DAPD) , % il Tt G & 10 min; F /5 A S
uL B R T R b e A A, S RO
R A iR WK, IF ] AxioVision 4.1 [&] - Ab FREK
o HrE o
1.7 Sit=EH*E

B 40 Y B bR o 22 3R, fl A SPSS 21.0
% COX-2 9 mRNA FlR [ 335 7K HE4 7 X0

&R I 25001, P<0.05 LA G425

2.1 EREBHEEEE

8B AH 22 A0 T LR 3 AR 4l 4 O SR
N, Z 2 RRIE AR MIE AR, 55
I 2 Y B AN 5 2 Ak ) 200 2 RS A 1 2 5 A
BFETESHEIRIE | J& b sl T — 0, 5230 W, o7 0 1~
3T, I 80%R A i, 2 AT a5 , HES)
E®(E 1), MEERFRI R IER | B A0 nT 2 S
AR, ALP YL g R IR, AT A K s ok,
ARPIIT, 53 5 TAE AL R s o R LT A4S W Qe A
MMCA T R 2ZHEERK, 14 d A RS,
PR YO R AR PR (E2) .

a: Growth of primary cell culture at the 10th day (x20) b: Third generation cells (polygons, triangles) (x40)
1 R pEETR

Fig.1 Primary cell culture

a: Alkaline phosphatase staining results

b: Alizarin red calcium nodules staining results

In Fig.2a, a large number of blue particles were observed around the cytoplasm and cells;

in Fig.2b, a large number of red calcium nodules formed, with different sizes and shapes.
E2 mEMBLEE
Fig.2 Osteoblast identification

22 CDAERTFSS T SRAZIE B B RN

2556 3 AR A E 4 Bt I 12 dyne/cm® FSS 60 min
J R, FEXT R4 F-LBh & 1 k22 e, HL B HIL 53
A, 4RI S H0AE (181 3a) ; 76 CD 41, F-JIL 8 & H 2
KRS W7 24 B I, 20 B 25 3 (8] 3b) 5 7F FSS
A, F-Wshik Aieeyt 2 3%  F-Lsh i F L i 4

Ji K55 FSS J7 ] — 3 (&l 4a) ; /£ FSS+CD 41, HlL3h
AL ER T WAL, AL SRR (B 4b) .
2.3 {# AR &SRR 22 BRI CD Xt COX-2 B mRNA
E3vN: kAl

SR REIAA L, CD ZH A COX-2 (Y mRNA FE1k7KF
A AN (P>0.05) ; FSS 2H 5 HiAt 3 41 AH I , FSS 41 AY
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a was the results in control group, showing F-actin microfilament sparse, random distribution; b was the results in cytochalasin
D (CD) group, in which most of the microfilaments were broken and the cell morphology was irregular.
3 XfBBLAF CD LA ER
Fig.3 Detected results in control group and CD group

a was the results in fluid shear stress (FSS) group, showing increased and denser microfilament, and the long axis of the cell was consistent with the FSS
direction; b was the results in FSS+CD group, in which part of microfilaments were broken, while the morphology of cells remained intact.
4 FSS%H% FSS+CD 4HA#e M5
Fig.4 Detected results in FSS group and FSS+CD group

COX-2 ) mRNA FiA T+ S i I . (P<0.05) ; 5% BR2H 0.05), 454 COX-2FE AR WE 6 FIE 7,
I CD #H A HE , FSS+CD 2H i) COX-2 fi) mRNA FiA AN
Control CD FSS FSS+CD

2. (P>0.05)., 541 COX-2 mRNA %Kik LK 5,
FHP003). FHALCOX2 mRNA RIS cor [

3 El6 &4 COX-2 EAMKIA
= Fig.6 Expression of COX-2 protein in control, CD, FSS, FSS+CD groups

COX-2 mRNA expression

group

*: FSS group was compared with the other three groups, P<<0.05.
5 #%%H COX-2 mRNA KL 2
Fig.5 Expression of COX-2 mRNA in control, CD, FSS, FSS+CD

COX-2 protein expression

groups
*: FSS group was compared with the other 3 groups, P<0.05.
2.4 {E LM E 2R BEET I CD XK COX-2 B R 7 COX-2RRMNRILR
%‘% kR ,] - ﬂrﬂ] Fig.7 Relative expression of COX-2 protein in control, CD, FSS,
FSS+CD groups

S0 BRAUAR L, CD 4% COX-2 [ B 1 33k K F
W5 AT THiE (P>0.05) s FSS 20 5 HiAh 3 2 A HE , FSS 4R —
COX-2 i 35 TR (P005) 5 DAL

k., FSS+CD 4H ) COX-2 14 H ik A8k AN i (P> B M i S R R AR B A S S i
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B A R A E st e R EENRG
— TEBRIME RS R AL B S AT,
HUARH 4 B 5 o308 o 200 A1 20 A\ BN AR, 3%
AHOCAT 30 B, AR HE BB AH DGR I R (W) 2258 . 2y
AR B ISR R R 224150 . A B A
FEBENIMURN R G000 BeA 40 A6 B 4 H L T e
RPN E AL 4R E EXREEAMEH . Delaine-
Smith %5 AR EIe— P TR I RZRY T,
TE )5 S R OV E AN 200 . BN 1 13
VB BB 20 M 3 2 B A S b Bz 2B AL
PAT 5 356 20 200 L S T AT 380 248 B P 5 6
R B AR I DR ARS8 A 1 AR ZE Y 32
2L H B EIREFH CDITWLSh & 1 4 425 COX-
2N SEAFIRAN, #i CD TSI (A4
HAL, P N A 35 1) FSS , A OGR4 B fBE | RT-
qPCR FIZE [ Ji E[J 775 7= Western blot 557 AR GEMEL EI AL
SR AU B FSSYEH T &4k 3% £, B
SRR —8, Hr, RT-qPCR KGN /1 , 78 FSS 4
'R COX-2 mRNA ik it Z &, MAEMA CD b3
1 hJ5 FREI R, 765404 CD /R N COX-2 mRNA 1
eIk 5 X BRAH JL-F-JCHH I 22 51) ; Western blot Kl 21 )
COX-2FE %A 5 RT-qPCR 45 AH—2 ., AWFFT45H
T, WL A 2R R e R PR S COX-2 JE RN ER
I ZRIR B VIFOC . A5 I MC3T3-E1 4i it
Jin12 dyn/cn® FSS, COX-2 & HFKIATE 15 #145 min iAF|
A X SR SE G AE AR —2L . Pavalko ZE 2
R, [T H FSS 45 BB 4R N4 1 h 5 A9 COX-2 4K
FI2A W AR T A B AR e R v . (RAERS PR LAR
JEZ AL A5 25 R H AR SR AR B, 3X AT e 1 3
BT[]  CDWREE A G, WA IR, 7/ NG IR
BCE AN CD &, N 15 0 B R Rk
32 IR, X e WAHUBRN 7 08 9855 1 AR T o0 5 1)
ISR A E AL A2 IR A A sth 2%
B AT LS 2 1 40 B e 22 g A i BHL1E FSS 175 51
PGE2 #&3ik1", #R1M, FSS 75 51— E AL A S 3 17t
e M T or s AN B AR AR AR
7, FSS /51 COX-2 mRNA I8 95535 5 L 3h &
FI AR S B R B A G . BRIE, FRATTIAh e 40
B ZRAE FSS 175 S COX-2 mRNA FI4E ) FE A it
E S 4 (AR T W =) NP D O N 5 e
BAE D A S e B R G AR O E AT Y

SR T I A S Z R, L, FSS
A S B A COX-2 FER R I A TR 2L 83 1
YA A2 AR . BRAE X LA ARAL] o] LASE SR
TAEE S N GO A i 2 T AR B AR
Th, AR B BHHSCBR IRYT . RN, A5
W R t—2E 5T FSS 76 AU E AR R 115 5 5 S LTI 4

PEILEILA, R I ARIAT T B B AN B SRR
SErEpR R e .
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