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Table 1 The sequence of primers for real time PCR

Gene Forward primer Reversed primer

ALP CCCCATGTGATGGCGTAT CGGTAGGGAGAGCACAGC
Runx2 CCGGTCTCCTTCCAGGAT GGGAACTGCTGTGGCTTC
OPN CCTCCCGGTGAAAGTGAC CTGTGGCGCAAGGAGATT
OC CCAAGCAGGAGGGCAATA TCGTCACAAGCAGGGTCA
GAPDH GGCTGCCCAGAACATCAT CGGACACATTGGGGGTAG
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Fig. 1 BMP9 induced ALP activity in multipotent stem cells
C3HI10 cells were infected with BMP9 or BMP2 or GFP virus. At 5 and 7 days after infection, cells were collected and subjected to ALP staining and
quantitation. (a) BMP9 was shown to induce ALP activity of C3H10. (b) BMP9 promoted ALP activity of MEFs (left pannel) and BMSC (right pannel).

Data are the (x + s) of triplicates experiments (*P < 0.01 ys GFP, # P < 0.05 ps BMP2). Magnification, 100. [J: 5d; @: 7d.
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Fig. 2 BMP9 induced ALP activity of C3H10 and MEFs in a dose dependent manner
C3H10 cells were infected with varying titers of BMP9 or GFP virus. At 7 days after infection, cells were collected and subjected to ALP staining and
quantitation. (a) BMP9 induced ALP activity of C3H10 in a dose dependent manner. (b) BMP9 stimulated ALP activity of MEFs in a dose dependent

manner. Data are the (x + s) of triplicates experiments. Magnification, 100.
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Fig. 3 BMP9 promoted calcium deposition of in C3H10 and MEFs
C3H10 and MEFs were infected with a fixed titer of BMP9 or BMP2 or GFP virus. At 14 (MEFs) and 20 days (C3H10) after infection, cells were fixed
and subjected to Alizarin Red S staining. Representative images are shown. (a) BMP9 increased calcium deposition of C3H10 at day 20. (b) BMP9
promoted calcium deposition of MEFs at day 14. Magnification, 100.
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Fig. 4 BMP9 induced expression of osteogenic gene in C3H10 cells
C3H10 cells were infected with BMP9 or GFP (control) virus. At 0 d, 3 d, 5d, 7 d, 14 d after infection, total RNA was collected and subjected to real

time PCR analysis using primers corresponding to the target genes respectively; all samples were normalized for GAPDH. (a) BMP9 was shown to

induce ALP mRNA expression in the early osteogenic differentiation stage of C3H10. (b) BMP9 promoted expression of Runx2 of C3H10. (c), (d)

BMP9 induced expression of OPN and OC in the late osteogenic differentiation stage of C3H10. Data are the (x + s) of triplicates experiments. [J:

GFP; O : BMP9.
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Fig. 5 BMP9 promoted luciferase activity controlled
by BRE or OSE in C3H10 cells
C3HI10 cells were transfected with SBE or OSE reporter and then
infected with BMP9 or GFP (control) virus. At 24 h and 48 h after
infection, cells were collected for luciferase assay. BMP9 was shown to
promote luciferase activity controlled by BRE or OSE element, these
results demonstrated that BMP9 can activate canonic TGFB-Smad
pathway and promote osteogenic master gene Runx2 activity. Data are

the (x + s) of triplicates experiments. [1: 24 h; [: 48 h.
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Fig. 6 BMP9 induced entopic bone formation of C3H10 cells

C3HI0 cells were infected with BMP9 or GFP (control) virus. The infected cells were collected at 80% confluence and subjected to subcutaneous

injection into athymic mice. At 5 weeks after implantation, animals were killed and bony masses were retrieved. The retrieved samples were then

decalcified and subjected to H&E staining, Trichrome staining, and Alcian Blue staining. Representative images are shown. For the Trichrome stain,

decalcified bone matrix stained dark red, whereas cartilage matrix stained blue. For the Alcian Blue stain, cartilage stained blue. BM, bone matrix; OC,

osteocyte; CM, cartilage matrix. Magnification, 150.
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BMP9 Induces Osteogenic Differentiation of Multipotent Stem Cell

ZHANG Yan, WEN Wei, LUO Jin-Yong™
(Key Laboratory of Laboratory Medical Diagnostics, Ministry of Education, Chongqing Medical University, Chongging 400016, China)

Abstract In order to validate and estimate the capability of BMP9 to induce osteogenic differentiation of
multipotent stem cells, three multipotent stem cells (C3H10, MEFs and BMSC) were used as target cells, and
BMP9 was introduced into these cells by using recombinant adenoviruses assay, the effect of BMP9 on osteogenic
differentiation of multipotent stem cells was demonstrated by using luciferase reporter assay, alkaline phosphatase
(ALP) quantitative assay, calcium deposition assay, real time PCR, animal experiment and histological staining
assay. The results demonstrated that BMP9 can induce ALP expression of C3H10, MEFs and BMSC by a dose
dependent manner. BMP9 can also stimulate calcium deposition of C3H10 and MEFs in vitro, the osteogenic
markers (ALP, Runx2, osteopontin, osteocalcin) were increased after stimulated by BMP9. BMP9 can activate
canonical TGFB-Smad pathway, and promote the expression of osteogenic master gene Runx2. The animal
experiment and histological staining assay show that BMP9 can induce ectopic bone formation in naked mice. To

sum up, BMP9 is a more powerful cell factor to induce osteogenic differentiation of multipotent stem cells.

Key words bone morphogenetic protein 9 (BMP9), multipotent stem cells, signal transduction, differentiation,
transforming growth factor
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