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[ E] B MWEMEIRILH T (tumor necrosis factor, TNF)—a T4 B8 7] 78 B + 40l (bone marrow mesenchymal stem
cells, BMMSCs) &7 , Xf HAZ 7 (nuclear factor,NF)—B i LA K8 7-ALRETT B9S2 . 7%« S55600 0 BMMSCs FAEXTHEZH (A
Z) TNF-o BRI 1 d 24 (B 2H) & TNF-o B 7 d 2H(C 2H) . TURRES AU >R Western blot J7 il 45 2 TkBa Al p-
IkBa KRR ; R RT-PCR 735145 20 BMMSCs Ho 4336 21 41 At A i 3% AT 40 2 32 142 B4 (erythroprotein-producing
hepatocellular receptor B4, EPHB4) Jii & Z A4 K< A F 1 (insulin-like growth factor 1,IGF-1) ‘B P (osteoprotegerin, OPG) |
0L Z (interleukin, 1L) -7 5 %5 4> )@ 85 F [ (metrix metalloproteinase, MMP) -1 mRNA ik KA 4L s i il B85 S 5005 %
Ja , P60 K R A DU 5 B AR AR o R URZE I FE NF-kB A0 4 5 0Lk 0w B 5 3 R R i (pyrrolidine
dithiocarbamate , PDTC) % TNF-a {EFIRYRENA, 25585 A AAHLL B 4R C 4 IkBo F A FRIRKFFEAR (P < 0.05), p-IkBa 2
FIAY A KRS R (P < 0.05) ;5 A 4AH, B 4081 C 4079 EPHB4 IGF-1, OPG mRNA Fik/KF L (P < 0.05),1L-7 & MMP-1
mRNA KA T (P < 0.05) ;5 A AT, B 4UR1 C 4L E 0L RE 13458 , A NF-«B 30561505 B 2180 C 4R s 2>
fLRETI08ES , G518 ARSI R W] BMMSCs 28 TNF-a FAL B | 7] AR BMMSCs JUH 76T 1, I H 2 ORI S oflHes
SR, AR B A BOR 2 /D3R 43 38 i NF-kB 8@ B
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Promotion of tumor necrosis factor-a on osteogenic differentiation of bone marrow derived
mesenchymal stem cells
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[Abstract] Objective:To investigate the effect of continuous pulsed-tumor necrosis factor (TNF-a) treatment on nuclear factor-«B
(NF-kB) pathway and osteogentic potentials of bone marrow mesenchymal stem cells (BMMSCs). Methods: There were three groups
in this study:Group A:negtive control; Group B:BMMSCs treated by TNF-a once; Group C:BMMSCs continuously pulsed-treated by
TNF-a for seven days. After the treatment, IkBa and phospho-IkBa.  (p-IkBa) were detected by Western blot. The mRNA expression
of EPHB4,IGF-1,0PG,IL-7 and MMP-1 in BMMSCs were measured by Real-time PCR. Alizarin red staining and alkaline
phosphatase (ALP) staining were employed for the measurement of osteogenic differentiation. This experiment also investigated the
effect of the addition of NF-«kB inhibitor (pyrrolidine dithiocarbamate,PDTC) on TNF-a action. Results:Compared with group A,
IkBa protein levels were lower,while phospho-IkBae (p-IkBa) were higher in both group B and C (P < 0.05). Besides,the mRNA
expression levels of EPHB4,IGF-1,0PG were up-regulated but IL-7 and MMP-1 down-regulated after TNF-a priming (P < 0.05).
The osteogenic potential of TNF-a-primed BMMSCs was enhanced and the pro-osteogenic differentiation effect of TNF-a was reversed
in the presence of NF-kB pathway inhibitor PDTC. Conclusion:Our in vitro results indicated that continuously pulsed TNF-a
treatment significantly enhances the osteogenic differentiation of BMMSCs and this effect may be mediated at least partially via NF-

kB pathway.
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NEHERFER T4 (bone marrow mesenchy-
mal stem cells, BMMSCs) TJ LABAEHE M H-8E - 43
B U OF HAEAR R R N i b f2 il
gl TaR s gt TR = e T e D N T
X RCEMERE ST, BMMSCs #0 A 2 H F2E f
B AR AT — RPN TR R A
B FPEE sh AR BMMSCs 1] DU FAE

VE Ry — Tt A AR 5% S 7, B (nuclear
factor, NF)—kB JEZ 55 (55 B AT 5, NF-kB 15
S R B LUT W O S MR AR 4 ik
1, B W] IR R BRI A
[AF (tumor mecrosis factor, TNF)—o X 8] 75 Jii 141
Jitd (mesenchymal stem cells, MSCs) i, & 434K BE 71 )
SEMA A A, B0 Cho S5 75T 3 B TNF-a Jil¥L
NF-kB 3 f# 16 A f2 i g 17 MSCs 1 & 71k g
Hess %5423 TNF-o 06 NF-«B 38 B A2 7B MSCs
BCE T s 3 APTIERW TNF HIL-17 o] DL
IKK/NF-kB {5518 B , A4 5L BMMSCs B8
A B SRR SORAE M 1 A R P TNF-o
Xt MSCs BUE MBI, B2 B TNF-o JI1EUS
X MSCs J8E 152, (HZ R BELL T, JERE R
ERER 3R 2 O PONS i lBE SR IS I /NN
WFFE LA Z IR TNF-o JUS , X BMMSCs B0 701k
FRISE , LA K NF-B 3l e i —id A Hr BRI

1 #RF7EE

L1 A
AR EE SR ( HAE 10 em) Fl 6 FLAR (Corning 2%

Al 2 I DMEM K53 G4 107 (FBS) S5
fi#(Gibeo 22 ml, JE [ ) s Atk LA 73 B (Ficoll, K
HRRE A Dy it RO IR ST A F) ) 5 HZEK A B-
HmBERR N 4k & C MV ZR L00 ] (Sigma 23],
FE ) 5 e W IR 21250 & (R BHAE Y HoR
N ) s TNF-a (Peprotech 23 F) , 5 [F ) ; IkBa, p-IkBa
U1K (Cell Singaling Technology 23 7l , &) ; Préafk
FINME &bt — i s FEH REE (pyrrolidine dithiocarba-
mate , PDTC) (Sigma 2y A] , [ ) .
12 7&*
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H T B ARG R A Py I GE bR
WEHPAHOHZE B o fitE . kS ARSI =
FENL R R R R BUEE SR 2 I R A R IR Y
HHE, NIREAIEI BT Ficoll 2B H BE SN Z 4N
L, 4% 2 x 10° >/ml 25 BEHERR 1% 10%FBS IR
DMEM 1,24 h J5ZHERESOR , LU B 3~4 d 400,
FRANARL A 2 809%~90% , H 0.25% KR FIRHE AL , i
2 x 10* /ml FARRESR  EESS 3~5 A T555
122 %¥oa

A ZH R RRAE B 4 BRI AR BT, 45T TNF-a
(20 ng/ml) ALFH BMMSCs 24 h;C 4. 437 TNF-a
[20 ng/(ml-d) kb3 BMMSCs 7 d,

1.2.3 HZa¥pidx

VoA A, sy E S AL & e,
12%WIEERE LUK B R SRR 5 T % PVDF I I
5% 4 93%4 04 2 h, —$i (IkBa . p-IkBa,GAPDH)
PFE IR VRS PR 1 b, FRRRR L,

1.2.4 BMMSCs % B %

B S - 10%FBS (A DMEM , b %€
KA 1 % 107 mol/L, 44 C 50 we/ml, B—H ik
FREN 10 mmol/L, ¥ A B C 4ALFRJS 1Y) BMMSCs 41
MI2% 0.25%RRHHEAL BSO8R 1 x 10° 4~ /4L
BREAE] 6 FLAR , K ARG IR SR B S R,
PUGE 3~4 d Wi, B 14 d JeistEms e @
BT 21 dJEHERA YA,
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UIRE I Foe 2
12,6 #HELLEE
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1.2.7 %8Z % RT-PCR

S1W111t . 2 B8 GenBank $2 AL 43N LT 41 e A=
R E AT SZ 1K B4 (erythroprotein-prodhcing hep-
atocellular receptor B4, EPHB4) i1 EAFE ALK K 7
1 (insulin-like growth factor 1,IGF-1) ‘B f£FFZ (os-
teoprotegerin, OPG) ., F1 4l il /7 & (interleukin, IL) -7
N FE 54 @ 2 U (metrix metalloproteinase, MMP) -
1 53751, FH Primer Premier 5.0 54531544
Beit, 4 GenBank Blast #E47[AUR FE XTI, B ik
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BV TREEARAFEGHR (R 1),

A RNA A4 H . #% TRIzol 3243745 1F 16 A 45 B
K 4E BMMSCs [958 RNA, R 8 A e e B I
4G F BT A T RT-PCR A9 RNA B D (260 mm)
/D (280 mm)¥JTE 1.8~2.0 Z 6], cDNA & . 3%
B SR B U B HRAE , 65°C UV 5 min, 42°CTAE
1 h,

Real-time PCR LI : % 20 wl SR 2R 49

5 2xSYBR Premix Ex Tap 10 pl,cDNA 0.8 ul, T
519145 0.4 wl,ROX Reference Dye Il (50x)0.4 ul,
KW EBETIK 8 pl, PCRIGHASECH 95 CHALPE
30'5,95%C 30 5,61°C 30 s,72°C 30 s, 335 MER,
T2°CIERINZE N FEA TS 3 K RT-PCR ¥ 145
1) Ct [E R AFRHE I Z T B3 2244, PCR)™
YT 2%B REHE BE e vh ek, B RSO 52 45
R

&1 PCREMERSIHFSI
Table 1 The primer sequences of PCR

HE A B SIHFHI(5'—3") P (bp) B KR EE (C)
EPHB4 Forward TCCTTCCTGCGCCTAAAC 324 60
Reverse CATCACAATCCCGTAACTCC 60
IGF-1 Forward AACACCCACCCTACATACAC 235 60
Reverse CACAAACATTGACGTTCCA 60
oPG Forward TTGCCCTGACCACTACTACA 245 60
Reverse TTGCACCACTCCAAATCC 60
IL-7 Forward CAACACAGACTCGGCAACTCC 253 60
Reverse TCGATGCTGACCATTAGAACACTC 60
MMP-1 Forward TCTCTGAGGGTCAAGCAGACA 199 63
Reverse TGAGCTGCAACACGATGTAAG 63
GAPDH Forward TCAACGGATTTGGTCGTATTG 136 60
Reverse TGGGTGGAATCATATTGGAAC 60

1.3 %itFEsiE

KM Graphpad Prism 5 SeiT# {40, 1%
BRI « bREL (X +5) Fon, M LHEH
Kruskal-Wallis ¥3% , P<0.05 W2 B G5 X,

2 & R

2.1 BMMSCs #RIM3E 589 & F AR

AMFFE 8 kT I AR A 1) BMMSCs
REFERIMER AL, AU B A K SBARE , R/ INR
¥j—, 5 1~-5 RAE ST B2 S, A B.C4l
BMMSCs I EEAE K DIMRIE S 3 858 f rh 4541
() 24 L A TE I J 25001
2.2 TNF-a /£ NF-kB i@ L a94F A

5 A4HE,B.C 4 p-IkBa & F 7K
T, T BLC PR Z MITCI 25 5, 454K TNF-
o Hil 3 AT LU S BMMSCs Y NF-xB i #% 35 1L , {5
TNF-o 1 FH RS ] S 06 p-TkBo 25 FH /K-35 4 BH
W (& 1),
2.3 TNF-a % BMMSCs B &1 69 %o

TNF-a A[RIZEFE A B .C 3 21 BMMSCs, 7 %
CLMBPEREIR S s . 5 A AL, B .C ZH
P TEYES TS I HLRE TNF-o JET A Y

FEK , BMMSCs B BUE 7 LIS RERS 58 . 7E TNF-o T
AR, NF-«B #0165 PDTC f5,B.C PR
YL E TG AR BT T % iX R TNF-ou 385 NF-«B 38
AL IE BMMSCs BEIETE(F 2).,
2.4 TNF-a #1:% BMMSCs /& 48 % 2 B mRNA /K -F
EOF &3

TNF-a A[EALFRAY A B .C 3 240 BMMSCs, Real-
time PCR 774614441 BMMSCs o' EPHB4 IGF-1 .
OPG .IL-7 }2 MMP-1 mRNA kK F07254k, 5 A
HAHLEL B 4HF C 44 EPHB4 IGF-1 OPG mRNA
FIRIKEZ W R TL-7 K2 MMP-1 mRNA #iA /K
ZrRE, HoAEk EPHB4 FIL-7 B4H 5 € 41k
ARG FIE (P > 0.05) , HABKE R &4 oA
GiiteFmE X (P < 0.05, 3),

RIS =

WFFEARIE , TNF-o SEAM R 7L 1 HmT
S i B WO, IR B, TS BCRRIAN O, SR
1M TNF-o 75 MSCs 0 70 BIAE FRAT A A4
Li 552 TSR] TNF-o S8 17 PDZ 235 DI REs
e AL AL N 7 B9 28 MR MSCs 19 B 734 5
Tsukahara "R ETE AT 5 TR RS LA &
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C | & sk sk | D | * ok |
1.0 * 0.8 # ok ok
1 1
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am 08- — m 0.6
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X 06- =
& E i
20 F T
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A : TNF-ct(20 ng/ml) A [F]BHE] (0,510, 15,30 min )43 55434 BMMSCs , 25 1 954601 BMMSCs 1 TkBa I p-IkBa FY 635 ;B 9 1 Kl
TNF-o S8 (1 d)FIHF2E (7 d) % BMMSCs /EFJE % NF-kB 0 #0520, TNF- )3 BMMSCs 5 min J& , 8 H EDZEEAG I BMMSCs H IkBa Al p-
IkBa Y7235 ;C #1 D 7R B 1 IkBow F1 p-IkBo FIAHXI KBS, *P < 0.05, *"P < 0.01, ***P < 0.001,n = 5,

Bl 1 TNF-o 355 NF-«B i@ # A3

Figure 1

1 (bone morphogenetic protein, BMP)-2 HX 1755
T, TSG-6(TNF-o FE[H 6)FEAK MSCs (B TERE, 7]
ABA MR, TNF-o 05 3506 NF-B 3l i e
MSCs BH Mk, 5348, EAESE T NF-«B i 5
TNF-a 1] U355 MSCs 77 BMP-2 355 TNF-a
B A BRI T f8 5 14 ek el 1 A T il P % 12
A O, TNF-o 1 FH i B 1 P 4 200 L 4] 2
Benoe,

SR, LRI R AE MSCs BUH 5 1 A
A TNF-a, 7EABRER BRI DL T, 25 B 9E 5 e
[EVERI X ROR R RAE A5, LIRS A eSS
RSB IL AT WA P I MSALL I — (] 1Y)
RAEITFE, FEH TNF-o AL EL BMMSCs & , WiERH:
TR X BMMSCs JH /b Re 52, 25552
7R . TNF-o FRYR FiiAL FHZH BMMSCs (194545 15 38 A
H &, TNF-o F5REEFAL B ZH BMMSCs 1 g8 7 P B
AR, AL, 5 MSCs BUBAHSEAYIE R EPHB4S!
IGF-11"%7 OPG!" 335 [ 3, 1 e B A OC R+ TL-7
U8Rz MMP-11-2 3 5K 3, 1 & TNF-o 29K FilAb 2
HA G, X T TNF-a FAL PR ) BMMSCs JlH5 7
AEMGSR AHLE], FTAESE TNF-o fill % T BMMSCs H
BMP-2 /43R, 55 BMP-2 19335, i BMP-2 &
H g @ a5 — 1 EENE T TN T
AP FAE 22 ARFFEEHE R TNF-o FilAb 2

TNF-a induced the activation of NF-kB pathway

BMMSCs J&, TEfEHFH A TEPER RN, Wil 1
NF-B i % FH PDTC BHWT NF-xB &5, &0
TNF-o AL PR 1) B Rl 13— BRI, B
NF-«B i % 2 /0¥ 52 5 T TNF-a 5% BMMSCs
()X =

SR, WA 56T TNF-a 75 BMMSCs 875
BB TR PERYHRGE . Lo FEPGE TNF-o B2 BH B
BMP-2 T i Smad1/5 {55 #% , X4/~ TNF-o 500
Smad1/5 {5 538 2 m it HABALE], WA E BMP-2
IR AR AR B 18 PG, B4 TNF-oc T i
BMP-2 3213235 , I BHET BMP-2 5 Smadl/5 {5
IR X ABEBI R T TNF-o X E T B
UM, TNF-o XF T MSCs 8 BB AR FH 24T AL
JIN . —J7 1, X TR A A S E A ; 5
— 7T, TNF- 1] DA — 2655 IR A2k 75 5 MSCs
B A . ARWFFEHEAN , 78 BMMSCs #2525 i 8
BSR4 T —E RN TNF-o 7] DUE S8BT
fig, X 5HAE S EAE RS E MSCs BB /3R i
TEAH—E,

i LTk, ARWFFE S ERE Y AR E
TNF-o [ TURIEL, 7T LASNGE BMMSCs BB BE , NF-
KB 5 5l e X —i R PR A EEEA, SR
BMMSCs i bt B, 40E B33 T B Xtk
AL,
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Figure 2 The osteogenic differentiation of TNF-a-stimulated BMMSCs (x100)
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