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The Role for SDF-1/CXCR4 Signal Axis in BMP9-induced Osteogenic
Differentiation of C2C12 Cells

Liu Chen, Yang Dandan, Bai Huili, Li Baolin, He Fang, Zhang Ruyi, Yan Shujuan, Shi Qiong*
(Key Laboratory of Laboratory Medical Diagnostics, Ministry of Education, Faculty of Laboratory Medicine, Chongqing Medical
University, Chongqing 400016, China)

Abstract To elucidate the role of SDF-1/CXCR4 signal axis during BMP9-incuced osteogenic differen-
tiation in C2C12 cells, BMP9 was introduced by using recombinant adenoviruses assay. The mRNA and protein
expression levels of SDF-1 and CXCR4 induced by Ad-BMP9 were detected in C2C12 cells. At the same time, the
recombinant adenovirus and neutralizing antibody were used to perturbing the SDF-1/CXCR4 signal axis in C2C12
cells before or after the addition of BMP9. The alkaline phosphatase (ALP) quantitative assay and fast blue RR salt
staining were used to determine the expression of ALP. Immunocytochemistry was used to determine the expres-
sion of osteocalcin (OCN), while calcium deposition was determined by alizarin red S staining. The expression of
the osteogenic transcription factor Runx2 and Osx were detected by real time PCR. Western blot was used to de-

tect the change of osteogenic differentiation signaling pathway MAPK and Smad. The results showed that BMP9
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significantly inhibited SDF-1 and CXCR4 expression (£<0.01) in C2C12 cells, in a dose- and time-dependent.
Pretreatment of C2C12 cells with SDF-1/CXCR4 could significantly affect the early and mid osteogenic markers
ALP, OCN, the transcription factors of Runx2, Osx expression (P<0.01), and the Smad, MAPK signaling pathway

(P<0.05). Addition of exogenous SDF-1 did not affect the changes of the late osteogenic marker calcium deposi-

tion. Our data indicated a co-requirement of the SDF-1/CXCR4 signal axis in BMP9-induced the early- and mid-

process of osteogenic differentiation of C2C12 cells.

Key words

PR B SR AN IE AR IR ERCAH L, 2
P i N A AT TR ) R R, Y
SIERERIG B RGAA  TAA E E R  & R
FHEN, REGETAE. B HAEERAA,
I b Ieogg s N DIBRA G AR B8 9T, 36k 150 5
1], & ey LA TR A PR AR A R TR AR ) T 3
R, BMP2 H ATk /)y FR C2C 121 it s UL M i ol
oA D Ee P LA 4H i o 48 I 1) B 41 21
Ar TR CIE SEJL 2 A A 3k, i o] e 18 R 43
R LT R A (1) B A 1 RO A AP

SDF-1J& CXCHUEAL IR 1, 5Lk Az 4k
CXCRAM BT TR T MR Z R ZURI41 g,
JEIL AR A T4 B 5. AR A B fE
HORFEEEE Y, Zhu% PRIER] SDF-15 BMP27E
C2C 1240 M it /At R L R R #E 4 T, HLBH I
SDF-1/CXCRA{i5 5 fli ] 11l tH BMP241 3 1)/ Bl Ry
R T 40 11 AL

P BT A R 20, BMPs(H TE& K
At ) AR A N TS T2 —. BMPs
J& T A A K X1 B(transforming growth factor-B,
TGF-PHEZIE, HuFLsr 8% % T 2047 BMPs.
P thBMP2 I thBMP7 223 H T IR R b 1 F5 42 v
J7 O RIS T @ RO . S S AT R IR
BMP9 & 175 5 1) 78 5 40 W B 7 40 A A FH 85z 5 11 D
Tz U BN A A AN o DR, AN A A
SEAG T3 C2C 1240 i FP SDF-1/CXCR4AFEIA XS
tH BMPO 3 1 815 o AL i R s i, 3E— 251 1
BMPOE e A FH L, #E2) BMPOYE & 421 T /%
PRE: /NI VAT

1 MR57R%E
1.1 iF
519 H Invitrogen 2 7] 5 1, RNA$FZ A Tri-

SDF-1; CXCR4; BMP9; osteogenic differentiation; C2C12 cells

zolll - Invitrogen s 7] , RT-PCRik 7 #5. Real-time
PCRIAF 54 T TaKaRa /2y 7], DMEM i b 5 95 3L
MEM#;: F2 5L 64 1% T Hyclone A ®], SDF-
1 ELISAK A £ T RayBioA ], ALPE A
MAAF £ T BD /A #] , napthol AS-MX phosphate-
Fast Blue BB Salt. pi %ISRl 4EE KCHIB-E
H i B SigmaA 7], HTSDE-1H AIHAR T R&D 2
A], CXCR4PiL1AE. OCNFifE. B-actindif4)4 T Santa
Cruz/A#] , Erk1/2Fi4A& pErk1/2§i4k. Smad1/5/8%
A, pSmadl1/5/8FLAAIAT-Cell Signaling /s, 1LI=E4t
MIgG. WFEPifRlIeG. il =FIgGHISPA 4L,
R G0 T A sl i A2 S R AR F IR A A,
Western blot ECLAS M7 & )% T-Millipore 24 7] o L
A AR T34 g 1 11 532wl [l oy A 4k
1.2 M5 HES

/N R UL A bR C2C 12 N 45 T g 4 e
PRHCT-116 1 36 B 20 BF K2 43 B2 25 B9 = )l
JI oz s . 41 BR9% 8 Ad-GFP. Ad-RFP. Ad-
BMPO([A] I} %% GFP). Ad-SDF-1([f] It % ik RFP).
Adsi-CXCR4(JA] i} %35 RFP) i 5 PR B R R 241k bR
5612 Wt 27 B0F 0 8 s S0 06 5 S 00 = [ R
AdEasy ZGM L, DRAF25 H
1.3 XWHE
1.3.1 QCCI2%mfndy3z RB ot CCI4ANAH
177 T DMEM bl 88 (5 10%M6 - 3% . 100 U/mL
T 47 21100 g/mLEER; 3), B4 A1 H37 °Cy 5%CO,.
MORE L | B 1~2 dFH 0.25% 1) e S A A A4
Bt ATLKE &0 23 kg S, B 2E 6 R4 (medium) B
PEXT B 41 (Ad-RFP). H 21 Jtd #5 ik 3275 SDF-141
(Ad-SDF-1). 100 ng/mL* FIHi i+ % IA SDF-141
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Table 1 The sequence of PCR primers for each gene

S P L1537 NETI(5-3) PCR/™“ K J (bp)
Genes Forword primers(5'-3") Reverse primers(5'-3") Amplified fragments(bp)
SDF-1 AGA GTC CGA GGAACG CTG C CCC TGG CAC TGAACT GGA 119 bp

CXCR4 GGA TCA GCATCG ACT CCT TC AGG CAT AGA GGA TGG GGT TC 137 bp

Runx2 TAA GAA GAG CCA GGC AGG TG TAG TGC ATT CGT GGG TTG G 111 bp

Osx CCC TTC TCA AGC ACC AAT GG AGG GTG GGT AGT CAT TTG CAT AG 85 bp

GAPDH GGC TTC CCA GAA CAT CAT CGG ACA CAT TGG GGG TAG 120 bp
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A: TG BB P LK Y AD-BMPI 724 hTZJEBYR Ay 0 10% 20%- 30%[KIC2C1241/iE(100%); B: Real-time PCREZIM - 204N i1, 2, 4 d
SDF-1 mRNA [{) A1 #L; C: Real-time PCRG I 2141011, 2, 4 d CXYCR4 mRNA {12234 t; D: ELISAKYA 41411, 2, 4 d SDF-178 (1 {15 3k;
E: Western blot# Il &-2H 41 24 d CXCR4R 1461k, LAB-actin iy N Z¥; #P<0.01, ScontrolZH 1 dAH L .

A: 24 h fluorescent infection efficiency 10%, 20%, 30% of C2C12 cells after infected with Ad-BMP9 were observed by fluorescence microscopy(100x%);
B: the 1, 2, 4 d expression of SDF-1 mRNA were detected by real time PCR; C: the 1, 2, 4 d expression of CXCR4 mRNA were detected by real time
PCR; D: the 1, 2, 4 d expression of SDF-1 protein were detected by ELISA; E: the 4 d expression of CXCR4 protein were detected by Western blot, ex-
pression levels of B-actin served as control; *P<(.01 compared with the 1 d control group.

El1 BMPYSIEC2C124A A2 SDF-1/CXCR4 mRNAFNE H 7K FHyFKiE
Fig.1 BMP9 affected the mRNA and protein expression levels of SDF-1/CXCR4 in C2C12 cells
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Giit 2 X (P<0.01, B 1B-1C). it ELIS A
BMPO{EH F SDF-11#8 KA K, 455 5 mRNA
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ALP activity detected by quantitative assay at 7 d after stimulated with
processing factors.
[E2 BMP9FiALIE /7 F# SDF-1/CXCR4FF NI C2C 1240 A
HALPETS
Fig.2 Perturbing the SDF-1/CXCR4 signal axis after stimulated
with BMP9 did not affect ALP activity in C2C12 cells
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C2C 1240 BEAIL 20 A S, 43 5l I N AH B Ak B
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71, anti-SDF-141 f1 Adsi-CXCR44H it % 1 41 ffa
BMP9/1 3] Runx2 [ 1% 73 il P AIG 41.0% 1 54.5%,
Ad-SDF-141 G 1 BMPO/ 5 i Runx2 % ik T}
58.9%(P<0.01), HAh L Ad-SDF-1. anti-SDF-1#4/
Adsi-CXCRAKE FEH A BE 52 M 41 il Runx2 (1) 415 7K
F-(El4A); 5 Runx245 R AHLL, anti-SDF-14 1 Adsi-
CXCRAY B v 40 fg h Osx R IEBFAL, 20 K
54.9%%1159.8%, Ad-SDF-14H I fE{f OsxFik T}
35.5%(P<0.01, ¥14B).
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A: ALP activity detected by quantitative assay at 7 d after stimulated with processing factors; B: immunocytochemistry staining of ALP expression at

0
Medium  Ad-RFP Ad-SDF-1 anti-SDF-1 Adsi-CXCR4

7 d after stimulated with processing factors(100x); C: immunocytochemistry staining of OCN expression at 14 d after stimulated with processing fac-
tors(100x); D: alizarin red S staining of calcium deposition at 21d after stimulated with processing factors(100%); *P<0.01, compared with the medium
group and Ad-RFP group.
B3 F#SDF-1/CXCR4FNHBMPIN SHIC2C124RAE R B 1L
Fig.3 Perturbing the SDF-1/CXCR4 signal axis affected BMP9-induced osteogenic differentiation in
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A: Real-time PCREGI #4141 i Runx2 mRNA #5415 00; B Real-time PCRAY 4% 41 41 il Osx mRNA[{ LB *P<0.01, HmediumZ 1 FIAd-
RFPALIELEL .
A: the expression of Runx2 mRNA were detected by Real-time PCR; B: the expression of Osx mRNA were detected by Real-time PCR; *P<0.01, com-
pared with the medium group and Ad-RFP group.
El4 FH#SDF-1/CXCR4ZNTEHBMPIN S HIC2C12400 R Runx2, OsxRik
Fig.4 Perturbing the SDF-1/CXCR4 signal axis affected the expression of Runx2, Osx induced by BMP9 in C2C12 cells
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