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[Abstract] Objective To investigate the role of the bone morphogenetic protein 2 (BMP2)-Smad1/5 and p38MAPK
signaling pathways in the osteogenic differentiation of MSMSCs by insulin-like growth factor 1 (IGF1). Methods A re-
combinant adenovirus (RAD) and IGF1 expressing IGF1 gene were constructed. After osteogenic induction, gRT-PCR
and Western blot were used to detect the phosphorylation level of Smad1/5 and the expression of the BMP-2 protein in

the BMP-Smad signaling pathway; immunohistochemistry was used to observe the nuclear translocation of Smad1/5; qRT-
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PCR and Western blot were used to detect IGF with Noggin and SB203580, inhibitors of the p38MAPK signaling path-
way l-mediated osteogenic differentiation of MSMSCs. Results The recombinant IGF1 adenovirus was constructed suc-
cessfully. MSMSCs were cultured in inductive medium after infection with different concentrations of Ad-IGF1, and
then, the protein levels of BMP2 and p-Smad1/5 increased. IGF1 can also induce nuclear translocation of Smad1/5. In
addition, Noggin significantly reduced the phosphorylation level of Smad1/5 and the formation of mineralized nodules in
the MSMSCs. The mRNA levels of Runx2, OPN and ALP also decreased. In contrast, SB203580 decreased neither the
phosphorylation level of p38 nor the mRNA expression of Runx2, OPN and ALP in the Ad-IGF1 MSMSCs. Conclu-
sion IGF1 can promote the osteogenic differentiation of MSMSCs via the BMP2-Smad1/5 signaling pathway. In con-

trast, IGF1 may not promote the osteogenic differentiation of MSMSCs via the p38MAPK signaling pathway.

[Key words] insulin-like growth factor 1; maxillary sinus membrane stem cells; BMP2-Smad1/5 signaling path-

way; p38 MAPK signaling pathway; osteogenic differentiation;
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X AN Y T R 7 s, HAZ O LR 2 32 R
P& TH AR S 0 28 [ BB RO 2, b A S b IR AR 52 IS
PR TR G ACE 3] K AR 0 A= P B A T [m] i A
HA 5 BA SUCE W RE Y T 40, 76 b 6 52 IS $2 T
AR S5 a3 6] s Py G SR PE T . B IS
Zo e PF T b A sE 6 40 i (maxillary sinus mem-
brane stem cells, MSMSCs ) [ % ‘& & 7 , 11 %F H A%
O T IFERLR AR FE A o S W e 15 2R A
H: K A 1 (insulin-like growth factorl, IGF1 )2 5
5 MSMSCs JSCB 73 AL B 73 T3 ML, A BIF 58 00K
P TGF 1 2 [N R Ik A IR R Ad-IGFT B
5 2 IR 4 Y, 3 4 Western blot | 5022 2H AL YL {4,
WA b 05 26 T 4 B 43 Ak i #2E oh, BMP-
Smads il jf P E EF S HEABIESIERER 2
(bone morphogenetic protein2, BMP2) I Smad1/5 f
Bl 2 Ak 7K S LA K A% B Ao 72 A 15 0 5 Al BMP -
Smads 1 #4171 1 5] Noggin 1 p38MAPK 1% i % 11 il
71 SB203580 4b FHL /K e Ad-IGF1 ) 41 i, L2 181
b i W 0 3R 25 78 Ak 5 I 0 410 1) 590 Ak R e Ad-
IGF1 11 41 i )5 W R L Smad 1 £ (&35 AL 1E I .
ABIFFE AT Ll R B A — EE B e B 2R B 4
EE

1 RS HE
1.1 £ Fe £ 2K A

Beagle K (55 2 17 JE 35 5 50 h W) BHECA R
Al ) AW 1 ~2 2 IR 15 ~20 kg G4 IILVE
(Gibco, ZEE ) ; 4 & H B8 (Roche, £ ) 5 1T R
J5UH (Gibeo, 25 ) 5 o-MEM JEFfi 1% 37 ik (7 T 1

Runx2; osteopontin; alkaline phosphatase

T8N F] ) s CD146 #4373 e 150 & (Macs , 5[ ) 5
Lipofectamine™2000 (Invitrogen, 3 ) 5 Trizol Re-
agent (Invitrogen, FH) ; DAB X F & (Abcam,
) ; 946 & PCR AR5 & (Takara, H A ; %
PR Runx2 ,OPN . p-p38 . p-Smad1/5 ,Smad1/5 .BMP2
Z SLPEHUIA (Abcam, 95 [H ) ; SE 41 4 1gG-HRP (Ab-
cam, 9 [€ ) ; K14 Pro 5.0 73T &2 4t (Media Cybernet-
ics, EME) ; P E 40 (Thermo Fisher Scientific , EH ) .
12 RESEHBET@mp» B 53k

Beagle K[ 1 52 78 5% (9 IR 432 A 144 5 2 iy 30
OB 7 AR AR T Ak AT 4 AR Y
JEACKE 3%, 55 35 2 70% ~ 80% 1A IHEAC , 42 i 1
31 L AT AR AR G B 3% . 4% IR CD 146 BE Bk 47
BRI G 4 Oy vk HEA T S B RE BRI 43 % CD146 FH
PEANM, 73R AT« 540 BV P 4 4 wL/mL A
/INERPLR CD146 RRERERR IR A Y215 BT 4 CF
A 30 min, PBSVHEPE 2 WK, kb0 T4 . &1L I 2R RN
fEAE , PBS T U 2 W, .45 6 1 i 2R 1% 41 i 28 ik
AREREH, 14T, PBS T VRIR AT o JF HURE A i T 48
O N7 v s B it | DR R T
TG T RE o PR A 22 0 U O 2% A0 i A K 1
KA
1.3 IGFI1 A B &k & MM m 7 Ad-IGF1 H 4k # 2

MR IGF1 3K 731, & i1 A6 Nhel 1 Hind
0 B0 7 A5 B R S PR B 1 90, K 38 0k PCR 3 3186 119
IGF1 3 A 15 %1 52 % 31 PDC316-mCMV-ZsGreen % &
H, K 2 PDC316-mCMV-ZsGreen-IGF1 i 9k 75 4k 14
(1), B Ad-IGF1 24K, IGF1 5| #5918 KN
462 bp, 51 W7 5% 1 41 F o IGF1-Nhel-F: 5’ -
CTAGCTAGCACCATGGGAAAAATCAGCAGTCTTCC
-3’ ;IGF1-Hind I -R: 5'-CCAAGCTTCTACATTCTG-
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Figure 1  Map of PDC316-mCMV-ZsGreen-IGF1 vector
B 1 PDC316-mCMV-ZsGreen-IGF1 it 28 28 4R & &

1.3.1 PCRY M HMIEI PCRY B IGF1, 751
H15] A Nhel+ Hind I i U107 85, ¥ LT 4153 1 %%
PCR W 1K £ : 5 X Fastpfu buffer 10 pL, ANTP Mix
(2.5 mM)4 pL, IE[ 5197 (10 wM)2 wL, &8 519
(10 wM)2 pL, Fastpfu polymerase 1 pL, 1 #x DNA
(100 ng/wL) 1 L, ddH,0 30 wL, Total 50 wL. %P4
T A RN R T AT PCR RN : A8 M 95 C
3 min 1 MEH, 251 95 °C, 1B 4 55 °C x 30 s 304>
PEER, ZEAH1 72 °C X 2 min, ZEf{1 72 °C X 5 min 1 ME
o BiRWHEERE I H B 40 2T 8T o

132 #AAR ik PDC316-mCMV-ZsGreen & H (1) 5
Nhel+ Hind XY B§1) SO0 8 37 CKIE RN
2 h, FARFOR YA R 40°F < Bk PDC316-mCMV -
ZsGreen/IGF1 1 g, 10 X Buffer 2 L, 10 X BSA 2 pL,
Nhel 1 wL, Hind Il 1 pl. 435 =055 k: PDC316-
mCMV-ZsGreen fiti 71K 7 Be A H (1 SE BT ™4
1.3.3  J&i ki PDC316-mCMV -ZsGreenNhel + Hind Tl
MR R B S BSR4 SRV AE 22 TR
N2 b, ER AR RUT : HAWIER 6 pl, PDC316-
mCMV-ZsGreen 2 nL, 10 X DNA Ligase Buffer 1 L,
T4 DNA Ligase 1 nl.

134 EEZFEYHEAL B0 pl ERERE YA
100 L JM109 J8&5Z 45 41 1 1R A 451 J5 VK 30 min,
TE42 C P45 s, S RIHCE ¥K 1 2 min, A ik
2 F A 400 pL 0 LB 55 3735, 78 37 CIHIRFE IR
i3 1 hJ5,4 000 rpm Z5.0 1 min, 5 400 pL i
e, R W s TR 2 ) 4% 100 wL Jim 24 5 3 A 78 &
100 pg/mL Ampicillin $0 14 LB Az L, 7F 37 CH i b
FEA R B R SRR

1.3.5  FAFR R Pkt 4 Mol iR e
4 AN BATRE RN T 543 100 ug/mL Ampicillin 0P )
5 mL LB 535 P, 250 rpm, 7F 37 C1E IR 47 K 55 55
SUR AU AR TR B E Wil kg QY TAEZY ik T
Nhel+ Hind I XU U1 % % , 5 B IF U1 it 462 bp 2%
o MNP IR IE B A s b DT 5190
CMV-F(CGCAAATGGGCGGTAGGCGTG) ., PDC316-
mCMV -ZsGreen-IGF1 5 PDC316-mCMV -ZsGreen Ji
PR R . A A B SR 4 TR
PDC316-mCMV -ZsGreen . PDC316-mCMYV -ZsGreen -
IGF1 FIE 48 ok Hh 45 L HEK293 40 it , #8753 484 H
(4 5 TR A B 75, AR i 38 A 90 R AR RS v 0 1Y)
WTE, bRIC A AD-IGF 1, X BRI 2 WAL 2% (.9
#E H (green fluorescent protein, GFP) i AD-GFP,,
1.3.6 3 [A 3% 35 o 20 A6 5 Ad-IGF 1 B L ROR K
W B A K P3 AR MSMSCs, LA 2.5 x 1074~/
R T B T25 J R, 3 o IGF1 JE L 4 (Ad-
IGF1) FlBH % B ZH (Ad-GFP) , AU #5745 GFP By 23 2%
TR 55 Ad-GFP VE Ry [ X BEAL . 7E 37 °C, 5%
CO, a-MEM FERlEE 57 R BE 5% . o 4 B WG BE )5,
IGF1 JE [H 3R 35 F5 41 IR 5 5 Ad-1GF1 # B 5 5K
(multiplicity of infection, MOI) A7 50 ~ 200 /2% 4% 21
Jf, R % 4 B 5 T 4 o - MEM BB 175 S 45 3 S 4 55
24 h, BHEE3M., 24 hJ5xHEGE Ad-IGF1 1 Ad-
GFP 1) 40 Mg 47 0 B4 IR . SO 52 56 21 R X iR
AN, T qRT-PCR A

1.4 Noggin 3% # SB203580 4t #2 &% # Ad-IGF1 #
4 e,

BUR Y Ad-IGF1 i P3 48 MSMSCs LA 1 x 10°4™/
LR T 6 fLARH, 434 Noggin AL B4 (Ad-IGF1+
Noggin) , B4l Ad-IGF1 JE& 4L iy %] FE4H (Ad-IGF1) DA
Je Ad-IGF1 JEYL 4 3 a-MEM 15 37 JL 15 32 19 25 (A X
HEZH (Ad-IGF1+ medium) o >R ] BMP-Smad 4 i 45
S 1A 1 7 Noggin , # 17 Ty g 55 50 48 &R IGF1 7
MSMSCs BE HH AR HIBLE o 5K 20 i Ak 3 25 % 4
T B Ad-IGF1 1Y P3 AR MSMSCs DA 1 x 10°4~/4L
Bt T 6 fLHH, 37 °C, 5% CO, a-MEM H:fitl 3% 55 K&
HRE SR . AN BE S 100 g/mL BMP-Smads {5 5
1 %A 1 77 Noggin 5 4 S5 AR LAY o-MEM 5 37 3 1
AEFRARAEL 1 b, 2 )5 4 -MEM BB 5 S 15 95 5L 1
353 d, gl Ad-IGF1 40 i 7F o-MEM 8.8 7 5
WA B 92 3 d JHE N IR, B 3 1L,

[F] |, p38MAPK 4 5 ¥ 417 il 51 SB203580 4b 3
Je 53 2 Fll Noggin Ab # — 5, H: il 4b P ¥k B 4 20
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uM, 4340 g Bzl Ad-IGF1 J2% % i % fB 2H (Ad-IGF1)
L 2 SB203580 AbF £H ( Ad-IGF 1+ SB203580) .
1.5 #HELEE

T B AS 8] 52 55 2 (Ad-1GF1 ., Ad-1GF1+
Noggin , Ad-IGF1+ medium ) ) MSMSCs 5 £ T B
oL, R A AT T . BAAPERINT 4%
1) 2 58 % ] 52 30 min, PBS %k 3 YK, 45 ¥K 5 min,
0.1% 1 35 K 21 (pH 7.2) % 4 10 min, PBS ¥k J5
g,
1.6 #ELAfEE

YRIC F IR e, 2k [, i B A I A 52
Jii A 1:400 8 p-Smad 1/5 Hii#K , 4 CFIEH 137,
1:500 £ HTfe [gG-HRP HBEE — 3T, DAB & 4, 75 K
RE Y MBI .
1.7 gRT-PCR

Trizol W 45 #5 /1~ B[] A5 45 ZH 41 B 1) RNA |, £85
A, RS 1 Uk J5 A5 21 T4 19 RNA |, Nanodrop Il 72
WL )G, W% 5% 1000 ng/FEAS K cDNA , #2 I8 3 1%
51 %, Horh GAPDH A N £, & & f I IGF1,
Runx2 ,ALP F1OPN mRNA ik,

%1 qRT-PCR 3|¥F5
Table 1 Nucleotide sequences of the qRT-PCR primers

Primer Sequence (5'—3")
IGF1-F 5'- GGAGCTGTGATCTAAGGAGGC-3’
IGFI-R 5'- GGGCTGATACTTCTGGGTCTT-3’
Runx2-F 5'-CACTGGCGCTGCAACAAGA-3’
Runx2-R 5'-CATTCCGG-AGCTCAGCAGAATAA-3'
OPN-F 5'- GCCGACCAAGGAAAACTCACT-3’
OPN-R 5'-GGCACAGGTGATGCCTAGGA-3’
ALP-F 5'- ATGGAGAGCAAAGCCCTGCTC-3'
ALP-F 5'- GTTAGGTCCAGCT-GGATCGAG-3’
GAPDH-F 5'- AGCCGCATCTTCTTTTGCGTC-3’
GAPDH-R 5'-TCATATTTGGCAGGTTTTTCT-3’

1.8  Western blot # M)

RIPA Y& 5 40 it 25 11, BCA #: I 42 vk B )5, B
20 wg B HHEAT & &, UK B OR[N L
JH PVDF BREHEA T8 76 B, R 35 A [ 3 1 K /INAY
JE, 2 B0 TH RS B E —Pt (BMP2 .Smad1/5 . p-
Smad1/5, RUNX2, OPN ., p-p38) it % ; X H #1774
Ve, HRP .52 , % &1 o
1.9 %537k

SIS EE AL + pnifE 22380 R SPSS19.0
GEAT2E AT A3 BT, 2R 0 ST AR A o K6 50 R HL B
H2ES R ER T 200 i =4 LU E 2%

Fo P<00SINAHERAEASG IR L,

2 & B
2.1 IGF1 ARk k T AEMER BRI HE

TE AD-IGF1 Ffll AD-GFP L3556 1 K, 3 14 98
I BE LSS HEK293 4t g P4 7T UL 4 (a2, S R
R mBEEER, 2E RS, 5 1GF1
FI GFP e PR 3R 3k B 75 A 2 ek B IUR] (16 2a) o [F]
I 2% 5 g P YRS 00 7 oA il D I B4 RS 7 )
BHAE TERE , 7= 8 K/ g 462 bp Y IGF1 H LA 4%
i (1 2b) . MSMSCs YL 7 A 2 (O T
AD-IGF1 F1 AD-GFP J& , Fo 5 % St A I 28 A 25 1%
A U AR B 2 M IE BRI | 4 i oL AT
L2k 9 A5 5 (Bl 2¢.2d) . MSMSCs 4f g 2% 4
Ad-IGF1 553% 24 h J5 IGF1 mRNA 23k 80 B T+ 5,
BRI AD-GFP AT+ T 5 A%, A Rk 2257
At E (K 2e).
2.2 MSMSCs # IGF1 LA 4% it B§ B2 4L Smad1/5 #&
A5, F 2 aF ) A A S AR Hib OB &) A 48 BMP2 & #
BR A% Smad1/5 89 & ik

o e A 25 R R, Y Ad-TIGFL 1
MSMSCs 75 ¢ 15 B 2 1L Smad1/5 , 22 35 ¥ 7 32 E A
T A%, B3 ML IR A] UL 3k 5 B Ad-GFP 41 fifg
1) FL A% R 3 AN 2% 38 BRUIR R 3R W5 1R fE Smad 1/5, 25
FIG AN 3k (8] 3a~3c) o i#F— 238 1o £ F A TR
W 19 Ad-IGF1 (MOI 50-100, 150-200 . 250-300 )
FHF MSMSCs. 40 B 55 3 d i, 5 TRl
WL KB, 5 Ad-GFP FIPEXT BB 41 AH [, BMP2 £
M IR W oe , HL 2 Ad-IGF 1 3% B 388 i S 466 i
T, AL A SX A, ZRIE SR
(K 3d) o Smadl/5 B8 F = L84, 1 Smad1/5
WM 1k (p-Smad1/5) /K48 v, HBEE Ad-IGF1 i
JEWGIN 2R T, &S S X A AL, 22 57
B G2A R L 3e) o RIS IRER T A [R5 [A] 5
(3h.6h.12 h 24 h.48 h) ) BMP2 Fl p-Smad1/5 1
IR, 50 h 48, BMP2 & 7K F- 2 B [H]
WO PE G 5B 3 | 75 24 h I35 3 =05, 48 h 5 23K
TF IR 0 55 , {0 48 h 4047 % T 0 h 2H (&1 31) .
Smad1/5 B 1 IC28 4K, Smadl/5 B R 1k 7K SE7E
12 h B3R 2 5, 24 h 5 SR IR 55 , (5 24 h Fl
48 h 4 T 0 h 4 (E 3g) .
2.3 IGF1 & #t BMP-Smad 13 5 i # # 3F p38MAPK
1% 5 18 74 ¥ MSMSCs % B 214

T R IGF1 A MSMSCs 4 i 8 43
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a: fluorescence microscopy of AD-IGF carrying GFP and AD-GFP (X 100) ; b: gel analysis after restriction digestion of the IGF1 gene with Nhel
and Hind IIl ; c&d: detection of the efficiency of the AD-IGF1(¢) and AD-GFP (d) gene infection in the MSMSCs with fluorescence microscopy ;
e: the IGF1 mRNA expression of target genes in the MSMSCs after infection with Ad-IGF1 (n = 3, **P < 0.01)

Figure 2 Restriction of the AD-IGF1 gene and its infection efficiency

B2 IGF1 %k 20k 5 2 litops 7 0 1 M e s %

AD-IGF1 AD-GFP Negative control NC_50-100 150-200 250-300

]

NC  50-100 150-200 250-300

Relatvie protein expression

e level of BMP2

NC_ 50-100 150-200 250-300 Oh 3h 6h 12h 24h 48h

T —
L —
e

p-Smad1/5
- —— -
GAPDH

5 g 5
7o 1S 2 1.5 7 o0
E 2 5
£ 20 § g § £
g ® = m = %
T & g = z o
e ° [Sa— e ©°
& <05 2 g & 3
v = o o 5] =
E o2 s | 8
K] 3 K]
= ! = - 0 L !
n:”@o‘o NC 50-100 150-200 250-300 &= Oh 3h 6h 12h 24h 48h = Oh 3h 6h 12h 24h 48h

a-c: protein expression and nuclear translocation of p-Smad1/5 in the MSMSCs after infection with Ad-IGF1 (X 400) ; d: protein expression of
BMP2 in the MSMSCs after infection with different concentrations of Ad-IGF1. Ad-IGF1 dose-dependently upregulates the BMP2 protein expres-
sion in MSMSCs; e: the phosphorylation level of Smad1/5 in the MSMSCs after infection with different concentrations of Ad-IGF1. Ad-IGF1 dose
-dependently upregulated the phosphorylation level of Smad1/5 in MSMSCs; f: the protein expression of BMP2 in the MSMSCs after infection
with Ad-IGF1 at different timepoints. The BMP2 protein level displays a wave-like fluctuation ; of note, the peak was at the 24 h time point; g:
the level of p-Smad1/5 in the MSMSCs after infection with Ad-IGF1 at different timepoints. The level of the p-Smad1/5 protein displays a wave-
like fluctuation ; of note, the peak was at the 24 h time point (n = 3, *P < 0.05, **P < 0.01)

Figure 3 Upregulation of IGF1 promotes p-Smad1/5 protein nuclear translocation and positively regulates BMP2 and p-Smad1/5

protein expression in MSMSCs in a time- and dose-dependent manner

3 MSMSCs H1IGFT _E VM #E p-Smad1/5 AZFE A, I L s (8] 0350 B A0 f 14 1 170 8 52 BMP2 B2 p-Smad 1/5 4 26535

Akt N TEAZ WL, B S {8 BMP-Smads {5 238 BT IR 3 d, £ IR 1L Smad /5 7K - AL HH
#5017 Noggin Ab 3 Ad-IGF1 JE& 4L () MSMSCs , i b, 5 A gl R Ad-IGF1 By X B4 AR Fb , W 4 1) 36
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REEFAHGIFE L (E 4a) o FF HCE AW
¥ 35 9 Runx2 . OPN 1 ALP mRNA 2 ik & [% ik 9]
B, XA, #4541 0] mRNA Rk B 2 R A5
B L (E4b) . EEBENZE, RO PO
F O A Al YL Ad-IGF1 B 20 o-MEM AL 155 5 1%
FeENIEFR 28 d 5, A KRN AT 145y
JE R s Noggin AL FR Ad-IGF1 B () MSMSCs J& , W
W55 28 d WA B ARSI W, (H A k4515 W]
LU /D 5 Medium 4 P Ad-IGF1 J& 4L i) MSMSCs Ji&
(2 X IR) L Ao g5 1 2 Fn 4l Bk e Ad-IGF 1 2§

=3

o
%0

o
=N

p-Smad1/5

<
I~

p-Smad1/5

e
o

GAPDH

Relative protein expression level of

GAPDH

Relative protein expression level

Ad-IGF1 AD-IGF1+SB203580 0

L (E 4c ~ 4e) . SR )55 E BMP-AF Smads 15 5 18 1%
FE IGF1 45 MSMSCs i B I/EH o« >R FH p38MAPK
= -3 B0 7 ) SB203580 Ab B Ad-IGF1 JEk e 1y
MSMSCs B i F 4595 3 dJe , p38 Wi R Tk /K 7 5 .
4G Ad-IGFT B X R AH E , B4 (R] Rk i 22 57
TG S (E 4f) o I HE #2561 b i
Runx2 . OPN Fl ALP mRNA %3k £ 5 Hafi i 4 Ad-
IGF1 X B AR LLAR R AN I (B dg) o X 45 SR 4
7~ IGF1 32 % 3 1t BMP - Smads {55 5 i 5% 4 £
MSMSCs B 500 .

n
1

@B Ad-IGF1
B8 Ad-IGF1+Noggin

—
(=)
T

o
n

Relative mRNA expression level

Runx2 OPN ALP

©

Ad-IGF1+Medium

@8 Ad-IGF1
B8 Ad-IGF1+SB203580

Relative mRNA expression level

Runx2 OPN ALP @

a: the phosphorylation level of Smad1/5 in the MSMSCs infected with Ad-IGF1 after treatment with noggin. Noggin significantly

reduced the phosphorylation level of Smadl/5 in the MSMSCs; b: mRNA expression of osteogenesis markers in the MSMSCs in-

fected with Ad-IGF1 after treatment with noggin. Noggin significantly decreased the mRNA levelsof Runx2, OPN and ALP in

the MSMSCs; c-e: the effect on the formation of mineralized nodules in MSMSCs infected with Ad-IGF1 after treatment with
noggin (x 200) ; f: the phosphorylation level of p-p38 in the MSMSCs infected with Ad-IGF1 after treatment with SB203580.

SB203580 cannot decrease the phosphorylation level of p-p38 in the MSMSCs; g: mRNA levels of osteogenesis markers in the
MSMSCs infected with Ad-IGF1 after treatment with SB203580. SB203580 can not decrease the mRNA expression of Runx2,

OPN or ALP in the MSMSCs (n = 3, *P < 0.05, **P < 0.01)

Figure 4  IGF1 depends on the BMP-Smad but not the p38MAPK signaling pathway to regulate MSMSCs

osteogenic differentiation
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