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1.1 4B G R ALER

) 755 T 40 g C3H10T1/2 W9 [ 3% [ American
Type Culture Collection /N &, ZE1%H I H Sigma-
Aldrich 24 &), >R ] —H A ( DMSO, Iy H 32 = K,
ST038) fF 7 #1. C3HIOT1/2 41 i b 35 5%
DMEM ki 3% £ 85 7% (% 10% Jif 4 i . & % R
100 kU-L™ fI5E5E %K 100 mg-L™") B354 5%
CO, f 37°C, % 1k #% B2 % ( alkaline phosphatase,
ALP) Ak “¢ J ot K M 128 7] & W B BD  Clontech
(Cat"631737) , 3% JH Promega 5 & 11 ( GloMax 20,/20)
Mg . PHERLLS (alizarin red S) W RHARHS B YA
FHARF R/ 7], Lipofectamine M H 3¢ [ Invitrogen
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NI
1.2 BMP9 04k % 3 & B ( green fluorescent
protein, GFP) EARHFME

AL A2 5R ] AdBasy 248 W, 2
IR TC He (f] i )1]) B d ik, 44 J7 i 4n
T ANEST S rh H] PCR K H %k PR i) i B e 51 97
IR G SRR SR TR . BT B AR R Ak
5 S MR R B 2R 9 By PR AT B, R B2 OE
TR ORI Ze MR AL I 76 e 31) HEK-293 A 2l it 17 75 2
215 3 B 0k B G 5 7 50 Y T A R BE . R
GFP H A1 ik 75 ( Ad-GFP) F1 BMP9 T 2 it 9k 75
(Ad-BMP9) ,

1.3 M5 ERIRRSEENE

C3HI10T1/2 41 Jifg 43 9 1E 8 XF AL, 26 7% 1
41 .BMP9 41 & BMP9 5 3¢ 1% H HELH . 1E X ]
A Ad-GFP AP I [ B} 257 1% DMSO, 3% #
JRELH HIAS [] e J32 114 56 3 5 e JF Ad-GFP 4k 7 41
L, BMP9 2H ] Ad-BMP9 B4 i I [F] i) 25T 1%
DMSO 4bFEAHAE . BMP9 45 Jf 529 1 A Ad-BMP9
TG A ML T (W] 25 T A TRV B ) SE I8 B o Sl
T e B A HEA T S U (R BE ), 4% T
Tr AT S B A M A S5 g R Rl T 24 AL
M, R 20 L 0 B I, 4wl 0.5, 1, 2, 4, 8 F
16 WL EE TFLAR 524 b J5 , AT 9SS, i
IR BN BRI (30% ) FFL 0 A B 903 34 VR 1)
(LA
1.4 L ZF & ENE W 4B L B (alkaline phos-
phatase, ALP) i&&

Fie 1.3 W53 2H AL PRAN M, 569 B 09V FE 73 il
45,10 #1120 wmol-L~" . S HASCHR[ 8] 5 ik, i
P HILINE ALP J5PE, S 21 R0k, RS n
A 100wl ZLfEW, 2400 5 min, S8 J5 WOE 24000, 25
OFVE . VIR RHA N S pl 2RI +15 pl 2%
W +5 Wl iKY, IR TIE 25 min J5H Promega
JCEETHIN E ALP 354, 55 F BCA B0 5E 4 1k
JE LR IE ALP 351 o ALP 36 ¥ DL A= BOsHfiF 3828
W 227, Bl nmol -s ™ g T R
1.5 FHRLS EBEKRNEEITRA

1.3 IS A AL B AN M, 56U R TR B O
20 wmol -L™", FLAZEH 14 RANEE 20 K3 Bk
(O IFATPEREAL S Yl Em b il . FERsFR 5
PBS %35 1 ¥k, 2. 5% 1) BEE 2 10 min, 25 [#
JEWE ] PBS(pH 4.2) V616 2 k. 1 2% 1y pE R 4L
S YL ALFEA Y 20 min, SXJ5 ] PBS(pH 4.2) 75Uk
2 U, XG0 B TR AT Al (M BREL G455y B

4R .
1.6 RT-PCR % # il B $5 &/ H ( osteocalcin,
OCN) #A DIx-5 mRNA $JFKiE

B BUE R AA AT T25 B, B Jo
Fie 1.3 24 M 4y 20 J7 ¥ ) A DMSO, Ad-GFP,
Ad-BMPOFIZE ¥ £ 5,10,20 wmol - L™, #EHL 44
RNA ij 24 h, #4585 37 a4 Oy & 1% i 28 1L 1)
SEARE TR Ak SR S R K-S 0 4 BB
RNA ,jfi it RT-PCR % ¢DNA, F| ] PCR 4 0U H
FEREIREOL. B PCR 51T : GAPDH I i
5'-GGCTGCC CAGAACATCAT-3’, I Jjf 5'-CGGACA-
CATTGGGGGTAG-3"; DIx-5 I iif 5'-CTCAGCCAC-
CACCCTCAT-3', Fiif 5'-TGGCAGGTGGGAATTGAT-
3’; OCN ki 5'-CCAAGCAGGAGGGCAATA-3',
7 5'-TCGTCACAAGCAGGGTCA-3', ¥ PCR rF=¥yifk
LBk IE AR, B Image) #E47 6% FEAE I & , 45
IR Ny H 1R 55 O R (absorbance, A) 5
XTI Z A B A
1.7 BMPR-Smad & R Hr# i BMPR-Smad {5
SHIEE

PR BUE KRS R AN AP T T25 BE 38k, 1F
A NENGEE S, ] Lipofectamine %54t BMPR-Smad % &5
E\%*ﬁ(plz x SBE-Luc)3 g, 4 h ¥, 12 h J5¥%
AHMOIH AL TR AR T 24 FLAR, 40 RE FS 4% 1. 3 41 i
Ay EEMA DMSO, Ad-GFP, Ad-BMP9 #1257 1
J#20 wmol - L™, 24 h Ji7, 41 40 i I 4 BRI 5 &
VLRI T 2GR MG PR 2 . BCA L€ SR
WHE PR MG YA TIE . DGR B AH X
P FH S 200 155 %o R 0 1 BB 2, () 92
J WA 3 A TS PR
1.8 it

A SR A 3 I, SEREURLL & £5 FUK,
FIFH o A 5057720 8] oA o

2 #R

2.1 EREHEX BMPY S8 C3HI0TL/2 A
ALP & B S0

TGS IR, 5 IEH X RALH E, 55 3% B R
20 wmol + L ™" X} iE % C3HI0T1/2 4 ALP 3% EA )
il fE (P <0.05) ; BMP9 BER 2 1755 A] 78 50 T 41 g
C3HI0T1/2 (% ALP J& PRGN, 55 7 R A906 Mk g (g
(P <0.01), BMPO + 2% & HEZH ALP iF 1 %%
BMPY L 7EA [ i ] s 254 B S BEAIR (P < 0. 01) , JF:
AR ER (r,, =0.9536, P<0.05)
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Tab.1 Effect of meloxicam on alkaline phosphatase (ALP) activity in C3H10T1/2 cells induced by recombinant bone mor-

phogenetic protein 9 ( BMP 9) adenovirus

ALP activity /nmol+s ™' +g™" protein

Group
ds d7 d9
Normal control 0.429 +0.039 0.540 +0.022 0.405 £0.016
Meloxicam 5 pwmol - L~ 0.414 +0.013 0.440 +0.018 0.339 £0.014
10 wmol 1.~ 0.352+0.014 0.379 +0.021 0.304 £0.017
20 pmol -1~ 0.229 +0.018~ 0.303 +0.033" 0.224 +0.024"
BMP9 6.917 0. 145" 12.33 +0.414™ 8.638 +0.290
BMP9 + meloxicam 5 wmol L~ 4.799 +0.042 " 7.082 +0.201 " 5.737 +0.166 "
10 wmol L.~ 2.064 £0.069 " 4.279 £0.160 " 3.423 0. 123"
20 pmol -L~"' 0.571 +0.026" 1.234 £0.090 " 1.024 £0.074 "

x+s,n=3. *P<0.05, *P<0.01, compared with normal control group; *P <0.05, *P <0.01, compared with BMP9 group.

2.2 EREREX BMPY 5S4 C3IHI0T1/2 Ak
55 £ AR B B2 01

BT 25 R B ow, 8] 58 5+ 40 M C3HI0T1/2 £
BMPO if53)5, 55 14 KA 20 REGEE LAY GFP
Xf HE A A BG4 5 {H BMPO + 36 % RE
20 wmol - L™ HABERTIRIH BMPO 41 B B 55, 42
TRV E FEXT BMPO 7 C3HIOT1/2 41 o vh i F: 1Y
R URUEL A B S R B0 A o

Fig.1 Effect of meloxicam on matrix mineralization in
C3H10T1/2 cells induced by BMP9. On d 14(A) and d 20(B)
after treatment, cells were subjected to alizarin red S staining for matrix
mineralization test. 1: normal control; 2: BMP9; 3. BMP9 + meloxicam
20 pmol -L.7'.

2.3 ERETEXN BMPI FSH) C3HI0T1/2 4
OCN mRNA A0

P 2 g5 5 R, 5 0EH R LA e, BMP9 B &,
75 C3HI10T1/2 4iiffl OCN mRNA %3k (P <0.01),
BMPO + 9% 15 FE4L, 55 9 K (I 2A,C) FI%s 11 K
(& 2B) OCN mRNA 3% ik 7K *F- % BMPO 4 ] i
TRE(P<0.01) , 3% Bl 26 3% & % X BMP 9 i

A
B
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] BMP9
ok 3 BMP9+Meloxicam 5
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Fig.2 Effect of meloxicam on osteocalcin (OCN) mRNA
expression induced by BMP9 in C3H10T1/2 cells on d 9
(A) and d 11(B). Lane 1: normal control; lane 2;: BMP9; lane 3 ;
BMP9 + meloxicam 5 pmol - L' ; lane 4. BMP9 + meloxicam
10 pmol-L.="; lane 5: BMP9 + meloxicam 20 wmol -L.~!. C was the semi-
quantitative result of A =B. x+s, n=3. " P <0.01, compared with nor-

mal control group; #P <0.05, *#P <0.01, compared with BMP9 group.
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Fig.3 Effect of meloxicam on DIx-5 mRNA expression in
C3H10T1/2 cells induced by BMP9 on the first (A), the
third(B) and the fifth day(C) after treatment. Lane 1: nor-
mal control; lane 2; BMP9; lane 3: BMP9 + meloxicam 5 wmol - L' ;
lane 4; BMP9 + meloxicam 20 wmol +L.='. D was the semiquantitative
result of A-=C. x s, n=3. ™ P<0.01, compared with normal control
group; *P <0.05, #¥P <0.01, compared with BMP9 group.

2.5 EREEREX BMPI i 58 C3HI0TL/2 4Hffl
BMPR-Smad & AL % S R EgE R R0
#2455 R, BMP9 7F C3H10T1/2 4, fig
{8 BMPR-Smad 4 J5Ubr 1) 26 ' 25 B 14 48 GFP %)
HRZH W] 2 T &5 (P < 0. 01) ; BMPO + 32 3% 15 4,
BMPR-Smad#f¢ 15 FURL%E 56 2 BiiE P48 BMPO 25 B it
FEIR(P <0.05) . #&/~ BMPI BEIE IS BMP-Smad {5
5 J&fd BMPR-Smad $ig5 ki o't 28 B 1 e 5 5%
& E EREIE AT BMPO X BMP-Smad 5593 ft, A
1M BMPR-Smad ¢ 85 Bk 6 2R BEE T T

Tab.2  Effect of meloxicam on increasing BMPR-Smad
reporter luciferase activity in C3H10T1/2 cells induced by
BMP9

BMPR-Smad reporter

Grou, . ..
P luciferase activity

1.00 £0.05

Normal control

BMP9 13.84 +0.01 ™

BMP9 + meloxicam 20 pmol L~ 9.43+0.03*"

C3HI10T1/2 cells were transfected with BMPR-Smad reporter plasmid
(pl2XSBE-Luc) in T25 flask. The medium was changed after 4 h. The
cells were replaced 12 h after transfection. Control cells were treated with
Ad-GFP and DMSO, cells in other groups were treated with Ad-BMP9
and DMSO, and Ad-BMP9 was combined with meloxicam 20 pmol -L~".
Twenty-four hours later, the cells were lysed for firefly luciferase activity

assay. Total protein was tested with BCA to normalize the firefly luciferase
activities. x s, n=3. “P<0.05, " P <0.01l, compared with normal
control group; *P <0.05, compared with BMP9 group.
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Inhibitory effect of meloxicam on osteogenic differentiation
in mesenchymal stem cells induced by bone
morphogenetic protein 9

ZHOU Long-yang, YANG Qiu-jun, MU Yu-qin, LIU Ying-zi, ZHOU Qi-xin, JIANG Qin-song, HE Bai-cheng
( Department of Pharmacology, Chongqging Medical University, Chongqing 400016, China)

Abstract; OBJECTIVE To investigate the effect of meloxicam on bone morphogenetic protein
9 (BMP9) induced osteogenic differentiation in mesenchymal stem cells. METHODS The infec-
ted C3H10T1/2 cells with BMP9 recombinant adenovirus were interfered with meloxicam 5, 10 and
20 pwmol-L~". The alkaline phosphatase activity (ALP) on day 5, day 7 and day 9 after treatment
was determined. The mRNA expression of osteocalcin (OCN) was detected on day 9 and day 11 by
RT-PCR, and so did the DIx-5 mRNA on day |, day 3 and day 5. The matrix mineralization with
alizarin red S staining on day 14 and day 20 was assayed. The transcriptional activity of BMP-Smad
signaling with Smad binding site luciferase reporter was measured. RESULTS ALP in BMP9
group was much higher than in normal control group (P <0.01) on day 5, day 7 and day 9, but the
ALP activities were reduced when treated with BMP9 combined with meloxicam (P <0.05). Com-
pared with normal control group, the mRNA expression of osteocalcin and DIx-5 apparently in-
creased in BMP9 group. However, the function of BMP9 was attenuated by combination with meloxi-
cam (P <0.05). Compared with normal control group, the matrix mineralization in BMP9 group
was increased, but decreased when BMP9 combined with meloxicam. Compared with normal control
group, BMP9 promoted the firefly luciferase activities of BMPR-Smad reporter plasmids in
C3HI0T1/2 cells (P <0.01), but decreased when BMP9 and meloxicam were combined ( P <
0.05). CONCLUSION Meloxicam can inhibit osteogenic differentiation induced by BMP9 in
mesenchymal stem cells, which may be mediated by inhibiting the BMP-Smad signaling activation.

Key words: meloxicam; bone morphogenetic protein 9; mesenchymal stem cell; osteogenic
differentiation; Smad signal transduction
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