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Research Interest
1. Effects of BMP signaling on bone mass

Recently, the FDA approved BMP2 and BMP7 for clinical use. However, data supporting
their clinical effectiveness is mixed. This may be due in part to a lack in understanding of the
variable effects BMPs have on different cell types in the skeleton including chondrocytes,
osteoblasts and osteocytes. My recent study suggests that BMP signaling in osteoblasts reduce
bone mass by enhancing osteoclastogenesis through the OPG-RANKL signaling pathway. Thus, it
is critical to understand the effects of BMP signaling on both osteoblasts and osteoclasts, which
can determine the final outcome of bone mass.
2. Relationship between BMP signaling and Wnt signaling

Whnt signaling is also crucial for regulating bone formation and bone mass. The
interaction between BMP and Wnt signaling is not well described in bone in vivo, as changes in
BMP signaling have not been studied in Wnt signaling mutants and vise versa. We recently
discovered that sclerostin is a downstream target of the BMP type | receptor BMPR1A as a Wnt
inhibitor and bone mass mediator, suggesting that BMP signaling negatively regulates Wnt
signaling by upregulating sclerostin in osteoblasts in vivo.
3. Effects of BMP signaling on fracture healing

Treatment of fractured bones with BMPs (BMP2 or BMP7) has been clinically used in
these five years, but BMPs do not always accelerate the healing process. It is very interesting to



precisely address the effects of BMP signaling on endochondral bone formation, intramembranous
bone formation, bone resorption, and vascularization for better usage of BMPs on fracture healing.
4. Effects of BMP signaling on mechanical stress

It is totally unknown how BMP signaling in endogenous bone responds to mechanical
stress. Loss of BMP signaling in osteoblasts increases bone mass with a variety of degree by
bone-site. Wnt signaling is also altered under this condition, consistent with the evidence that
mechanical stress induces Wnt signaling. It is very intriguing to address the mechanism by which
BMP signaling responds to mechanical stress. This information may also be helpful for potential
application of BMPs on osteoporotic bones to prevent bone fracture.
5. Alteration of BMP signaling in bone diseases and future clinical application of BMPs

BMP signaling is important for bone development and remodeling. However, alterations
of BMP signaling in bone diseases including osteoporosis, osteoarthritis, and scoliosis are poorly
understood, partly because most often the causative genes for these disorders are unknown. In
addition, results from our tissue-specific and age-specific conditional knockout specimens suggest
that BMP signaling has diverse functions on bone biology in a cell-type, bone-site, and
age-dependent manner. Although BMP2 and BMP7 are approved for clinical use, precise
conditions of the usage are further desired with respect to: 1) target cell type and bone-site, 2)
timing of usage by age or by progression, 3) period of usage to avoid a side effect. Taken together,
I think it is very meaningful to elucidate changing of BMP signaling in bone diseases and establish
proper conditions of BMPs usage. One of our future directions is to establish a condition of BMPs
treatment for each disease.
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