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22 SC BB The mechanism and effect of BMP-2 mutant L51P in
promoting bone formation and osteoblast differentiation
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[Introduction)

Bone morphogenetic protein-2 (BMP-2) is a potent osteoinductive cytokine that plays
crucial roles in bone development and repair. However, it is well known that large
amounts of BMP-2 are required to induce sufficient bone formation in large mammals
and humans possibly due to a feedback response of BMP antagonists following
exogenous BMP-2 administration. Recently, Prof. Sebald et al. (Nature Structural &
Molecular Biology, 2004) developed the L51P, which is an in vitro engineered BMP-2
variant with a leucine to proline substitution at codon 51. This modified protein is
deficient in BMP receptor type 1 activation but maintains affinity for BMP
antagonists, which can allow for the inactivation and/or depletion of BMP antagonists
through the formation of L51P/BMP-antagonist complexes, and eventually enhance
BMP-2 action in inducing osteogenesis. Although previous reports have shown that
L51P can bind to noggin and interfere with its binding to BMP, the natural biological
functions of L51P are not fully understood.

[ Materials, Methods and Results]

First, to confirm the effect of L51P on BMP-2-induced osteogenic differentiation,
C2C12 cells stably expressing the BMP-responsive mouse Id promoter were cultured
with BMP-2 (100 ng/mL) and/or L51P (100 ng/mlL). MC3T3El1 cells were stimulated
with BMP-2 and/or L51P, and osteogenic differentiation of MC3T3El cells was
assessed by Alizarin red staining and quantitative real time RT-PCR. In addition, the
levels of phosphorylated Smad (p-Smad) 1/5/8 was evaluated by western blot. As
hypothesized, simultaneous addition of L51P enhanced the BMP-2-induced
osteogenic differentiation.

Next, to test the ability of L51P to competitively inactivate and/or deplete BMP
antagonists, the cell binding affinity of BMP-2 ligands was investigated in the
presence or absence of L51P.



Because the BMP antagonists were highly expressed 3 days after exogenous BMP-2
stimulation, we collected supernatants from 3-day stimulated cell cultures and used as
condition culture media (CM). The results showed a significant decrease in the cell
binding affinity of BMP-2 ligands when MC3T3-E1 cells were incubated with
exogenous BMP-2 and conditioned medium, whereas simultaneous L51P addition
competitively rescued the suppression of BMP-2-to-cell binding induced by
conditioned medium incubation. In a delayed experimental model, L51P was applied 3
days after exogenous BMP-2 stimulation and we could observe a striking
enhancement of the BMP-2-induced phosphorylated Smad-1/5/8 and luciferase
activity of the Id1 promoter compared to the simultaneous addition of the two factors.
Furthermore, the delayed L51P addition significantly rescued the binding affinity of
the latent BMP-2 ligands in culture media possibly rich in BMP antagonists. Finally,
we investigated the capability of L51P to induce in vivo bone regeneration and repair
of critical-sized defects in the rat calvaria using protein-loaded biodegradable hydrogel
as a carrier. Four weeks after surgery, substantial bone formation was observed in the
BMP-2 (5 ng)/L51P (5 pg) combination groups, compared with BMP-2 (5 pg) alone
group, while no bone formation in the L51P (5 pg) and control defect groups.

[Discussion and Conclusion]
I demonstrated that L51P influences the osteoinduction efficiency of BMP-2. This was
demonstrated by the markedly increased in vifro osteogenic differentiation of
MC3T3-E1 cells as well as by the enhanced regeneration of the critical-sized calvarial
defects in vivo.

I also showed that delayed L51P stimulation produced a significant increase in the
BMP-2-induced osteogenic differentiation of MC3T3-El cells and the luciferase
activity of C2C12 cells. Moreover, we demonstrated for the first time that
simultaneous and delayed L51P stimulation play an important role in the affinity of
BMP-2 cell binding.

These findings provide a deeper insight into the cellular and molecular mechanisms
involved in the effect of L51P in suppressing the BMP antagonists and enhancing
BMP activity.
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