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Abstract; Objective To investigate the molecular mechanisms of the effects of TNF-a and NF-kB on
BMP-2-Smadl signaling pathways during osteoblast differentiation. Methods Mouse myoblast C2C12 cells
treated with BMP-2 were used as model of osteoblast differentiation. Transient transfection was performed to
express the downstream effectors. Luciferase reporter activity assay and RT-PCR were performed to measure
the expressions of NF-kB and its inhibitor IxBa, for studying the effect of TNF-a and NF-xB on BMP-2-
Smadl signaling pathway. Results TNF-q decreased the activity of its downstream molecule Smadl from
2. 04 times in the control to 0. 63 times. Overexpression of NF-kB decreased the activity of Smadl from 2. 04
times to 0.39 times. Western blotting data showed that TNF-a significantly reduced the expression of
phospho-Smad] induced by BMP2 in C2C12 cells. However, RT-PCR data indicated that TNF-a did not
change the mRNA expression of Smadl. Conclusion TNF-a inhibited osteoblast differentiation through the

activation of NF-kB by TNF-a, causing a decrease of phosphorylated Smadl in BMP-2 signaling pathway
which further inhibited the BMP-2-Smadl signaling pathway. This suggested that persistent inflammation
could directly inhibit osteoblast differentiation and bone formation.
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BMP-Smad {5 2 il B4 B9 W 4R 4 27, R, R
flIxt % fE B F TNF-a R #% % F 5 F NF-«B 3t B
C2C12 4 i & 1 & 40 M & 4k i 78 &9 BMP-
Smadl HEMEWHATHR, SEFITRERTE
Wl A5 0 B 43 4k B 4 F AL

1 #R5%H%

L1 #H

MEABE A C2C12( ATCC CRL-1772) HE
EE¥A¥ERFEXHRIFAZE R #.
DMEM/F12 $5 3¢ 3 i 4 Il /& . B B§ . TritonX-100 %
¥y 5 X E Sigma 24 Fl; AMV [ % 3 8 : Takara 23 7]
P hho BB, 40 M 76 R FK : 12xSBE-Luc & #8 # LA
AR A ; pCMV-Smadl, pCMV-NFkB (p65),
pCMV-IkBa, pNF-kB-Luc #J § Clontech Laboratories
(Mountain View, CA, USA), A& 4 BMP2 ¢ 5
PeproTech ( Rocky Hill, NJ, USA), TNF-a % H
Sigma (St. Louis, MO, USA) /A 5], & RNA $#2H(¥%
Fi TRIzol ( % F GIBCO BRL A @] ), RT—PCR X #)
£ :RNA PCR KIT Ver2. 1 ¥ F Takara /A5, LBt
PCREIMTEHEZMZRS K.
1.2 g
L2.1 #HHEHEFESER: CCZARRERT
DMEM/F12 3558 5 (& 10% /N1 7 ) F,5% CO,
RN C, MBAMLHABHU 1 x10°/
ml )% FE T 12 LB R LI BEIE 3R,
1.2.2 BRotEER MR MBI E : C2C12 M (K
BEH 1 x10°) A7 12 FLARN , & 109% f 4 i 75 9
DMEM 35 3% # 35 3% 24 h Z /5, R Al Superfect iz 7
(Qiagen) FF4K BIL BT B 1 ng B9 12xSBE-Luc,
pCMV-Smadl, pCMV-NFkB (p65) #l pCMV-IkBa &
B4 M AT BT 4%, DNA SRS A EA
B, SRSHANEL, ARELDEFERETH
BMP-2 (100 ng/ml) 1 TNF-a (5 ng/ml) 3% 3% 48 h,
RIEHATHR DNA GG I, gk 35 57 48 h, RFE
Fd pH7.4 f) PBS {F X 40 3 3K, RIPA ¥ ¥k %4 fg 40
M, ZETEBRE 30 min, B.0 5 min, k£ LiF,
MAHAXEEBHBEEEL W R 4 (Promega,
Madison, USA) F1 Victor2 % 8¢ it % X ( PE,
Waltham, MA) R IR X BB, AT LA E
LR PR B-HFLHEH B (B-gal) B it B-LIMEH
B RE T RS E (Promega) ,
1.2.3 32at PCR( real-time PCR) i & . C2C12 40 i
L2x10° /LM T 12 FLR DI 5%, G 5k 2

fr 4373 B 4 il A BMP-2 (100 ng/ml) #I TNF-a (5
ng/ml) i#FT R, LRSHARR2, BEF 8 h R
FMMHFTRM . K F TRIzol 42 B ( Invitrogen 24
F) HBUE RNA, 75 RNA Wi R4 cDNA,
HATEA E R’ PCR W, C2C12 T 12 AL 5
A 3 30 min, 60 min, 120 min,240 min, F 1% 3
¥, B0 PBS ¥ 2 ¥k, % %= PBS S50 A 1 ml Trizol i&
FLRESRITERMTLER, RIS RNA, 51 R
A1 ug & RNA 3% % & i cDNA H#iTLBTE R
PCR & M, B Smadl % %k LW SI W H 5-
GCTTCGTGAAGGGTTGGG-3', F # &l #1 H 5'-
CGGATGAAATAGGATTGTGGGG-3', &K M & 1 % -
50 C 2 min,95%C 10 min; /5 95 C 15 s, 60 C 30
s, 3£ 40 K1E¥ . F ABI Prism 2> 5] & 7000 5 5| &
MAFKGHITE RS, UL GAPDH 3,
GAPDH 5 E ¥ B ¥ K
CATGAGAAGTATGACAACAGCCT; F #% B %l %
AGTCCTTCCACGATACCAAAGT, i@ if AACT J &
SHERRAER, FALXRYZLAMER HT
3K,
®1 BEEESEER

RN A %Y I(x®) 2 3 4 5 6 7 8 9 10
12x8BE-Luc (1 pg) + + o+ o+ o+ o+ o+ o+ 4+
BMP-2 (100 ng/ml) + + 0+ 0+
TNF-a(S ng/ml) + o+ +
pCMV-Smadl (1 pg) + o+ o+ o+
pCMV-NFkB (1 pg) + +
pCMV-IkBa (1 pg) + +
%2 et PCR HAEEH
Ry e
(M ER) 2 3 4
BMP-2( 100 ng/ml) + +
TNF-a(5 ng/ml) + +
L2.4  + Z 6 2 BB 3R 09 R R A R 3K

(SDS-PAGE) 71 H Jifi EfV iff # ( Western blotting ) i
EEER 2 x10° i C2C12 MMEM F 12 AR
TR 10% M4 mEEREFIER 24 WLZERT
I B SR B4, 3 A BMP-2 (100 ng/ml) F1/ 5,
TNF-a(5 ng/ml) , 43513 3% 1.3.6 h, Z0/fIF] RIPA
ZHBER, CRMNETHEAKRE., HAKRHE
EH E 8 T SDS-PAGE ¥ iz i ik T B T 4F 4 & IR
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ko 47 i 9% B R-NF-«B (p65) 41 8% 8 #-
Smadl 4 ki 47 B Y 8, B-actin 1E Ky & %f M,
[R) % BB 5 40 B 7 A 7= ) A % R 4K ) Smad] ( Ser
463/Ser 465 ) Hi k& B-AL30 & H K ( B-actin) # 1T
SDS-PAGE #i Western blotting 43, B-actin {E A
e 3oF:
L3 Zit%Easlw

KAl SPSS 13. 0 it Rk AT RIE L, i
BRI E x 25, ZHHBHBERARE FES
. EAMBEER BT EFMERRA SNK &,%
A} PCR Y i Smadl mRNA XZHARBELZNE
FENT. L P<0.05 AKH%ERFENL,

2 HR

2.1 TNF-o X} BMP-Smadl 3@ 535 ¥ (9 %

B B4 M A TNF-o #1 BMP-2 & i
BEESEREREEZR(F=59.179,P =0.005) , 3
T 7 BMP-2 o 42 & i B W& 1, T TNF-o ] 0
BMP2 X B MMM BB EE(FI) . SRLRHE
B F TNF-o BT ¥ % 0 F NF-«B o] f& {ik BMP-2 i
SREMGEE, M RAREEF TNF-o 8T X
M F IkBa A] 3% 3% BMP-2 R M BMEM (K 4).
TNF-a A F#4% Smadl (BMP-2 (0 F I8 4 ) 3935 S
RBITEYE, K 2. 04 £5BEF 0. 63 5 (£ 5) ; [FI#E, NF-
kB it F A Smadl HESIFHEM(E6),

%3 TNF-o % BMP2 & S HE RSP
Smad] 155 38 Bk 15 1 IR R

95% A K
pa R ;madl et b P p

RESEE TR R

H 3 1.000£0.000 1.000 1.000
BMP2 3 7.311£1.337°* 3.989 10.632

59.179 .0.005

TNFa 3 0.260 £0.042° 0.155 0.366
TNFa + BMP2 3 1.344 £0.230"4 0.773 1915

SR AW P<0.05; 5 TNFa H*P <0.05; 45 BMP2 i, P <0.05
# 4 NF-«B 3t BMP2 S B A+
Smad1 {55 & 8% 7 ¥ a9 B 9

95% ] {5 X A
P n e : FooP
TR LR
] 3 1.000£0.000  1.000 1.000
BMP2 3 7.793:1.996" 3.015 12.930
162.317 0.000
BMP2 + NFkB 3 3,419:0.305°* 2.662 4.177
BMP2 + IkBa 3 21.799£1.002 %4 19.310 24.287

B 5MEME P <0.05; 5 BMP2 £*P <0.05; * 5 BMP2 +
NFkb K P <0.05

%5 TNF-o Xt Smadl SR M EHHEE

Smadl 95% al {5 K A

—_  F P
LS " BESEHS TR R
bogi:) 3 1.000£0.000  1.000 1.000
TNFa 3 0.273:0.084" 0.064 0.482
405.354 0.000
Smadl 3 2.04220.059°* 1.895 2.190
Smadl +TNFa 3 0.633 £0.094°*4 0.399  0.866

E.5MBAK " P<0.05; 5 TNFa *P <0.05; %5 Smadl
H P <0.05

# 6 NF-«B i %ikN Smadl #H KM IEHKE R

95% 7 5 X 8]
Cix | n ‘Smndl - F P

BREGEE TR IR

bt 3 1.000 £0.000 1.000 1.000
Smad! 3 2.043:0.059* 1.895 2.190

1159. 929 0. 000

Smadl + NFkB 3 0.388+40.062°* 0.234 0.542
Smadl + [kBa 3 3.570£0.111°"4 3.294  3.845

W5 BAL" P <0.05; 5 Smadl H."P <0.05; 5 Smadl +
NFkB t4 P <0.05

2.2 TNF-o # NF-xB % BMP-2-Smadl % ik &3t
BERR ALK F 8 5

M3 AR RERLR TR Smadl cDNA F B
M 30 2 120 min, i 2 240 min BB .
{B7 i TNF-a 3R W B EE L, BMP-2 1 BMP-
2/TNF-a 4% 5%} 18 40 A1 TNF-a 4 & Smadl & &
RiEM (£7), C2C12 HRAERFE(L, 3, 6
h) f§ BMP-2 (100 ng/ml) 5 TNF-a (5 ng/ml) &t 3
JEi 1T Smadl BB E M HEREESSERNA
B3 M Yy o 77 SDS-PAGE % B¢ B2 7k f1 Western
blotting W E (B 1), —H R AHTBEM L NF-«B
(p65) B % B B 4L Smadl , B-actin #E K 45 N4 ¢
H. FI BMP-2 8{ TNF-o 8J 405 H LMK
Smadl 2 NF-xB (p65) IS M;7E1.3.6 h =4
B ] & b, 50 BMP-2 55 %t TNF-o i 5754 ¥ 8%
MILNFB EBRAEHABE W, T BMP2 # &7~
HHIBEMAL Smadl B BE3 h HBFEMK.ZE6h
JLFRBER (B 2), Hit, XL RIEH TNF-o
RE 0 55 Smadl {5 S {HH AW Smadl FH,

3 it

RGBT MERBHRT R &, FEEHR
R BRI R B, LR M
B Mok 5B A I K K BMP-Smad {5 5
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27 At PCR B # Smadl mRNA A EEHHER

B HEE

a4 n F P

0.5h 1h 2h 4h FiE
Blank 12 1. 000 £0. 000 1.360 £0. 114 2.006 +0. 262 1.395 £0. 054 1.484 +0.396 24, 561 0
TNFa 12 0.964 0. 117 1.202 £0. 131 1.899 +0. 124 1.368 +0. 146 1.358 £0. 376 27.969 (1]
BMP2 12 1.102 £0. 136 1.399 £0. 074 2.111 £0. 108 1.570 0. 061 1.546 +0. 392 54.619 0
BMP2 + TNFa 12 0.963 0. 107 1. 251 0. 106 2.098 0. 145 1.611 £0. 244 1.481 £0. 463 27.850 0
H{E 48 1.007 £0. 107 1. 347 £0. 165 2.029 £0.171 1.486 £0. 168 1.467 £0.401  346.194" 0

F 1.182 5.871 0.989 2.054 1. 349

P 0.376 0.020 0. 445 0.185 0. 326

T ERGIM FHEIRAMPE XEHMMF KT EAPE

- -y

- ) TED QI TN G e oo

B1 TNF-o fEBE D Smadl (5EEHARIEER

Smad1 %} Ri&

0.5 1 =t Control = =X= =TNF
—#—BMP  —— BMP+TNF

T

0 3;) 6’0 9;) 1 210 1 SI() 1 8I0 210 240
Time (Mins)
M2 7 C2C12 i P TNF-a %f Smadl £
RIEHBERLNE W

HPEEL RS RAEFE Y M XL TNF-o NF-kB {5
ERSEBRZAMAEETLERS, BHEE
B —AEEKFS &KL BMP-Smad & B,
BMPs ] ZE 28 41 fifd 3% 7 A0 {2 o & 40 B A9 2 4k 7 8
T, #4549 BMP-2 38 i 55 40 B I %% T A9 BMP 3%
REEB I B BTG, 7E BMP #1 TGF-B R {5 5@ M
Smads RHAMMEEME ST o BMP Zikf F
40 i N 3B 4 7] L B RE 1L Smadl ,Smad5 3 Smad8,
RS Smadd ZEEHHABRE, BSEHEER
HMEBHROEL, MARETER" .

T RE A AL R P R AE T 8 e ] A
MR, Ul INFa -1 EERAfR, B

ARECFHETRHEERFHEER, BRFEH
RIEMBR W B MM EEA, INF-o BEGE
SR, B E L EL NF-«B REBEREZHET,
NF-kB - MEFHEZHE T BHEL T REN
ERTCHEREBNEENRERESSTF. &
Y BRS T NF-xB FHETHE, F5HMHE
HIKBEA., Y¥MMEZIBSELMARFERE
Y E 4N TNF-o 1 IL-18 89 /5, NF-xB 5 IKB 4
B AR, X — it R B M “ NF-xB A9 89% "
(activation of NF-xB), B {E 8 NFxB S HEHEHF
WEMNE-6(IL-6) IL8. 5 W 4 Mo 4E 7% W B F
(M-CSF) , B 40 H ()85 {43 F (ICAM) SRy R e &
Sa NmE T EEREKS,

SHRIBHER CCCLEEREERTLEE S
FCRA 4B (B 2 qn SR AN R VR n BMP-2 , gt % i
mEEARS S BAWESEN A FREREA
LRI, AL REREZY, ELENHER
C2C12 W—RINBH X R KB P ,BMP2 i F Smadl
&Yl T 0 Sh R4 49 TNF-o S it % ik NF-xB T
BEAX , 3 H3E it 5 35 NF-«B 5940 %] F IxBa i 85
BRAE. EHRE LT LK L E BMP-2 G469
C2C12 A+, TNF-o B B 1 [ {i Smad B L1k
B, BESLH PCR K REEH A Smadl
mRNA B REFE, Ml EE INF-a FTHREY
NF-kB, iF 685 B B RUR

g LETR , RATMBE T B KIE S TNF-o 813 8
i& NF-«B {& T F # BMP {5 5 i B, o i 10 % 5%
BHBEAERMBRER. HEKBRELK TNF-o
i o WK Smadl FEHEW M H EFHM L. Hi,
BEL 1 2 AE BN F 400 ) B 15 A 093X — B SR W, A BT BE AR
HETFRNBEXR T RAFARERHREXN, BT

(TH#F14M)
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