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ABSTRACT Objective: To investigate the effects of tumor necrosis factor-a (TNF-a) on osteoblast differentiation of mouse my-
oblasts C2C12 induced by bone morphogenetic protein-2 (BMP-2) and its possible mechanism. Methods: The myogenic C2C12 cells
were treated with TNF-o(5 ng/mL) and BMP-2(100 ng/mL) alone or in combination, and the activity of alkaline phosphatase (AKP)in the
cellswas detected; BMP-2 was maintained at 100 ng/mL combined with different concentrations of TNF-oa. (0 ng/mL, 2 ng/mL, 5 ng/mL,
8 ng/mL, 10 ng/mL), or TNF-« to keep 5 ng/mL combined with different concentrations of BMP-2(0 ng/mL, 100 ng/mL, 200 ng/mL, 300
ng/mL)were used to treated cells, to analysis of the activity of AKP. The levels of Smadl and NF-kB phosphorylation in cells were de-
tected by Western Blot. Results: Compared with the control group, BMP-2 (100 ng/mL) significantly increased AKP activity (P<0.05) in
C2C12 cells, but TNF-a(5ng/mL) significantly inhibited the activity of AKP in C2C12 cellg(P<0.05). The activity of AKP in C2C12 cells
decreased significantly with the increase of TNF-a concentration(P<0.05), but increased significantly with the increase of BMP-2 concen-
tration (P<0.05). Compared with the control group, TNF-o. were significantly reduced the level of phosphorylated Smadl in C2C12 cells
and significantly increased the phosphorylation level of inflammatory related factor NF-xB. However, BMP-2 had no significant effect on
NF-kB. Conclusion: TNF-o. can inhibit the differentiation of C2C12 cells into osteoblasts induced by BMP-2, and has a certain dose ef-
fect. The mechanism may be related to the regulation of the inflammation-related factor NF-«kB activity in BMP2-Smad1 signaling path-
way.
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ANERUR L C2C12 4 i Ak Wy 1 35 1A ) s o ot AT
(American type culture collection, ATCC), DMEM 1 3% 3 fin 4~
IR TRl 2 Bt (AK P B AG T 70) & A 35 3R A TNF-ox
¥ B & [E Sigma /v w],BMP-2 W 5 35 RD 4vH], JEREW A
25 [H Gibco 24 #) , BRIk Smadl Ba 77 A IR  HERRfL NF-«B 2
SOREPUIAR B BB AR A BR A R, R i A
(HRPYBRIC M ZHii H 28 = KAEYEARA F] L B B
Z[E Bio-Rad A7), B0 AL H 35 EFEER KA, A TRAE
W A S5 [ Shellab 24|, 5 2 i i85l B H 4 Olympus 24 /]
12 75
121 HBRIEFHF ¥ C2C12 4 I A A7 %5 M A 25 B T HRL
W PRI 37°C K r, FEAS S 52 20 4 40 ik s ik 58 42 o
TG A B 10 £ LA EARFR I 15571 , 800 rpm £4.0> 5 min, k&
B EIEW IS 10%JR 4 I ) DMEM 8590k, # B 55 R T
37°C 5% CO, K Feftirh . 4 2-3 d B4l — YOI B FR AL &
FEIAF] 80 ZE A TG R TR IHREFREL, LA 2 mL PBS $i:%1%
VEANRR, LABR A Muns i FIFEANf, I 0.259%0 & 16 (150.02%
EDTA)HAL AN, 345 T WA 2 i A o (BB a4 i IR E , 5%
LR, AR LS P78 23R H 106 I Ll 15
122 LA ASAIE  0.25%) A A Xt B 2k K R
C2C12 4, fin AGH i 15 72 B R %% 40 I 2% B &8 1> 108> /mL,
MR 200 pl BT R T 12 fLAkcH, F RS SE 24 h, f
MM STy 4 20 X IR R R VAL RIE R AL S PR
Mo BB R R AR TP A BMP-2(100 ng/mL); 42
i PR 20 S AR RPN TNF-o(5 ng/mL) ; 5520 S 4t i
R FE W R m A BMP-2(100 ng/mL) Fl TNF-o(5 ng/mL) 3¢ 4 4b
P X BREHNE B B IR A, £ HARMIA 37°C 5% CO, K5
FefTh R, B 2-3d U
123 MEWEBEREREYE  BEER 3d S HANE, R
H 4- S 2R JL B2 — 4k (4-nitrophenyl phosphate hexahy-
drate, PNPP)L i AKP 54 , AR 41 2 g 5 1 il o0 't A
TRH G UL R AN, A LR TR AR, PBS S8 i ITEvk 3 Ik, ALAm
Jin A 100 L 0.29%f¢) 24 f# 3 TritonX-100, #z3%1E~) 30 min,
WA T AT R AR H G B ARt s, W 4
mmol/L PNPP $Z R 1:1 (9 Lo filHz A A 55l , 37°C /iy
30 min, W2 HGE 9 1 mol/L NaOH 2 1k v o FfbRAX b6 28
Jitl 405 nm KT Y625 FE(E(OD fH)
1.2.4 TNF-a 3t BMP-2 #5589 C2C12 #8 ff1 (2 B B 28 i &> X B4
FIZEXEREWAR  WEXEE C2CL2 4 it , f 1 1k 5 2% 21
Mo B, W H 200pL 21 BBV AN F 12 fLAk I, 37°C #5537
24 h AT 434 A R R B A BEAN R . A0S 57

Wi A BMP-2(100 ng/mL)#1 TNF-(0.2.5.8 L, 10 ng/mL);
UK A Mo 2 R i A TNF-au(5 ng/mL) A1 BMP-2(0,100, 200,
300 ng/mL),37°C K537 3d, &k 1.3 FRsL i ikilE AKP &
P&, ST 0 M A A R B
1.2.5 #ilZAE S Smadl 1 NF-«B BEBLEIKE LB ILEh
T [ (B-actin) >y PN 2, A [ J5T B 35 vk (Western Blot) &6 il 41 fig
Smad1 Fll NF-kB @R L /K o ISEZ: BMP-2 TNF-o 4B ()
KA, TN SASRFRAY RIPA 20 i 2L 1 2 BUEE R,
78 AR AR E . PO e SR OR RN - JE M IR I H
VK (SDS-PAGE) ) 10%/53 E5 % , B F BB, A 8 K B+
JKEFA, HEE 30 min, MIAWRZE IS, AR T, § & 30 min, K&
FRE 538 5 1Y SDS BEFS L il IR &, B 60 ug 25 A
JIA B, R IR 120V, H vk 2 IR B I T8 B 8IS
. BB R % 2. %% (polyvinylidene fluoride, PVDF) & T¢Ik
b, BT ACE 3TKIRAS, B TR, 4C TRE 2h,
fILA B%IBEAS Ty 2 iR rh 3t 1-2 hy i A BH IR B — 4L,
ACHEIRI K. TBST YRR 3k x Smin, i AP BERY
HRPFRiCH = Hirh, BETHIK L 37CHEHE 1h, TBST M 3
wx 5min, filA ECL &G B4 5min, K= digk 1-5
min, W5, BT ST R R A
13 GFitES

SH R 3K, G5 AR SPSS 22.0 SRt H A4 Hr, LA
B PRfE2EFIR(XE S), 24 8] FL BRI B R 30 2240 #r L L)
2 2 SNK-q #:3%, L) P<0.05 3R 2 5 BA S22 X,
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2.1 TNF-o % BMP-2 %51 C2C12 4R E B B 4k 51k
BMP-2(100ng/mlL ) 5.7t T~ 15t 241 Jfa 55 %) FE 2 8 3 34 hn AKP

(s, 2 3E C2C12 4i il 1) Ji B 41 i 431k s TNF-o(Sng/mlL) 5
AR A o B S S A AKP 3 BREE T A i rh
AKP 5 P 55 B ] BMP-2 I 25 W45, 315k C2C12 41 i )
B A s

5% 1 TNF-o #0%] BMP-2 589 C2C12 a5 B @S (Xt s,

n=3)
Table 1 TNF-q inhibits BMP-2-induced differentiation of C2C12 cells
into osteoblasts(x+ s, N=3)

Groups ODggm
Control group 0.809+ 0.046
BMP group 5.613+ 0.501*

Inflammatory factor group 0.312+ 0.012®

Combined group 1.752+ 0.137%*

P 0.000

Note: Compared with the control group, 3<0.01; Compared with the BMP
group, ®P<0.01; Compared with theinflammatory factor group, °P<0.01.

2.2 RERE TNF-o Xt BMP-2 i 5/ C2C12 40 R FX B 20 i
R A A

BMP-2 i3k i 2y 100 ng/mL , 5o R BE Y TNF-o B
FHALFRARM . 5 AN TNF-o £ FH2H (Ong/mL) #1145, 2.5.8,10
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na/mL TNF-o ZbBEA A5 AKP 35 1 3 2 A, L TNF-o £ F4H.
5(10 ng/mL) 4 g Hh AKP §if P Bk, HLBEE TNF-o ¥ 5 Y 38
Jin, AKP S PEZHT T %, MR B REFBEAESITHE X
(P<0.05).

R 2 AEIRE TNF-o X BMP-2 %5 # C2C12 il AKP & I 2200
(xt s, n=3)
Table 2 Effect of different concentrations of TNF-o. on BMP-2-induced
AKP activity in C2C12 cellg(x+ s, n=3)

Groups OD 5
TNF- group 1(0 ng/mL) 8.845+ 0.721
TNF-o group 2(2 ng/mL) 4.269+ 0.356%
TNF-a group 3(5 ng/mL) 1.782+ 0.134®
TNF-a group 4(8 ng/mL) 0.833+ 0.069*
TNF-o group 5(10 ng/mL) 0.136+ 0.011*~
P 0.000

Note: Compared with the control group, 3<0.01; Compared with the BMP
group, "P<0.01; Compared with the inflammatory factor group, °P<0.01.

2.3 RERE BMP-2 3t TNF-a i 54 C2C12 40 i i B 40 i
i td:ab A

TNF-o ¥R 2y 5 ng/ml, 5 RTR R EE ) BMP-2 5 A4 ]
ALFRARI, AP AKP TP HA i 22 R (I 3). 15 BMP-2
YEFH4H 1 41 45, 100,200,300 ng/mL BMP-2 £ AKP i 1 i
R, L BMP-2 /4 4(300 ng/mL)Z i rf AKP3E Pk,
B BMP-2 3 B2 A4, AKP 15 PEZWTHEIN, P HE B R 22
SEAS R L(P<0.01),

% 3 REIRE BMP-2 3¢ TNF-o %S #) C2C12 i AKP & HERIZZ AT
(xx s,n=3)
Table 3 Effect of different concentrations of BMP-2 on TNF-a-induced
AKP activity in C2C12 cellg(x+ s, n=3)

Groups ODygm
BMP-2 group 1(0 ng/mL) 0.336x 0.035
BMP-2 group 2(100 ng/mL) 1.783+ 0.135*
BMP-2 group 3(200 ng/mL) 3.125+ 0.420®
BMP-2 group 4(300 ng/mL) 5.263t 0.522%°
P 0.000

Note: Compared with the control group, 3<0.01; Compared with the BMP
group, °P<0.01; Compared with the inflammatory factor group, °P<0.01.

2.4 BMP-2 #1 TNF-o X} C2C12 #fiffish Smadl #1 NF-«B g
LA:pAl

BMP-2 1l TNF-o B % 5 156 -4 FH C2C12 20 ffa, 4fi i vh
Smadl il NF-«B SR LA /K - EA B3 2 R (n3k 4.8 1),
53t FRLHANEE , BMP-2 T 3k Smadl @R fb K B T, =
X NF-kB 8 Ak 7K - T b 5200 s TNF-o 4 F] C2C12 4 fifg 7]
2 I NF-«B B2 1K, {EXT Smadl @R {bK Jo ik & 5%
MW 5 BMP-2 5l B AH L, BMP-2 5 TNF-o I & 1F H
C2C12 #ffufie fwl = 4 i) Smadl B2 LK.

1 C2C12 #Affrh Smadl 1 NF-«B BiES K 897k T H#
Fig.1 Detection of Smadl and NF-KB phosphorylation levelsin C2C12
cells

3 itig

ML ) 2B B 50 SN, P 2B A A A ad i, RUBR L
A B 5 EALA = A A8 20 R BB 4T 1 A R TC 38 1Y
AR S A U BRI R S H K AEBARER N . TEETE W T
o B A AN B A A R P AR R B P B A
A (B T T 40 B oAl i A, 5 B R A i R A B A
LA VE R 5 BB AR A A AR R, S R B A A AT
K, H A EAE AR A B R, 1 A0 A B A B A
2 S A R B B R SR E

AR, RAER F X B A A Al R S ) 5 B i
FRA AR Z— BMP KR A4 K K+ -p(transforming
growth factor-g, TGF-B) K G H i i Z —, 2 5K A& Al
PSR, BMP-2 52 BMP SR 5 1] AR AL 4 B
MRS A F, BEREAER N 2 i sl B 4 i o1k,
RETERSMEH T BB A0 A fhad . TNF-o 2R SR 0 R F 52
TP I P BRI WG 200 6 43 P T o 2 P — o T B 1) R
K, 2 5 MIRAIEEE b S M, BFE RI7E B PUsims A&
& BRI R H R LR, TNF-o (97K 13, 2280 TNF-
Z 53R, SCHHRIE B8 TNF-o ASMUESER T3
¥ B W AR A 2253 340 A Ak it B, i AR 3 1A i A
WMV E =2, TNF-o RS 1o 8 45 0 B 40 A A 3 40 fhad 72 LA

% 4 4B Smadl #1 NF-«xB BEES L HI7K F AR (x+ s, n=3)
Table4 Detection of Smadl and NF-KB phosphorylation levelsin cells(x s, n=3)

Groups p-Smad1 protein level p-NFkB protein level
Control group 0.123+ 0.014 0.115+ 0.012
BMP group 0.784+ 0.073* 0.117+ 0.019
Inflammatory factor group 0.130+ 0.012° 0.451+ 0.048*
Combined group 0.421+ 0.046* 0.420+ 0.046®
P 0.000 0.000

Note: Compared with the control group, #P<0.01; Compared with the BMP group, "P<0.01; Compared with the inflammatory factor group, 9P<0.01.
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T A M0 P, DT DR R AR S5 55 04 ZH T o A )
B, AR, L BMP-2 355/ RS L C2C12
T ) R AN AL AR | ST A PR F TNF-oo 8040
Moo R PE R, 4550 R BMP-2 g5 C2C12 4 iy h
AKP jE:, $278 BMP-2 AT {iEiF C2C12 41 i i) B A A4k 5
TNF-o ATFEAIG C2C12 dfiffi b AKP &M, HL Bl & 52 1935 m
AKP iEPEREAR, $E8 TNF-o B4l BMP-2 3755 5/ BRUBLUL
C2C12 4t g ) B A 53 , 52 I — 7 R BE AR
NF-«B Z 5L G S I ARG 58 R T4 A, i 4k
TNF-o 5558 1 R AT il i NF-«B 11 25 1 85 i 1k ,NF«B 5
TR A5 AT U = R 912 R AR AR ARy R
AR, AT A A 4 R R 0 S ok R 5 AR 1 RT3
b PR Smad {55 s LR T 30 PR R Ak KT 2 i
% S B g oAkt 728, NF-kB i@ 1345 T BMP-Smad {5
53 R R AR A AT R, ZEAR LB, TNFo iR 3%
FEAIk BMP-2 375 S (1% C2C12 4 fifd v Smadl (@R LK F , .35
Th W R AL 480 HH ¢ T NF-xB 75 &, {1 A BMP-2 %f
NF-kB TG i 5200, 378 TNF-o i BMP-2 1 S C2C12 41
Jif o) 200 A 3 P B0V AL AR AT RS 3806 NF-kB B R AL 41 1)
BMP2-Smadl {55 538 45 .
gi BTk, AHEIT 45 R E I TNF-o #04 BMP-2 i 31
C2C12 A - A oAk, HBA — 7 ik BEAR 4 , AR )
BL I T BE 5 WS 2 AE AH O R NF-B 3% 1 A i 4 4l
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