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Bone repair is initiated by stem cell activation and differentiation. However, the definitive markers for the subpopulation of mesenchymal cells that are responsible for bone healing are still debatable.  Physiologically, osteocytes sense the bone damage and secret RANKL to induce osteoclastogenesis and bone resorption, followed by mineralized tissue deposition by osteoblasts. The mechanism of osteoblast activation at the resorption pit is largely unknown. Bone resorption pit is marked by the Tartrate Resistant Acid Phosphatase (TRAP), an exclusive marker for osteoclasts. Using TRAP as a bait, we conducted the phage display high-throughput screening by osteoblast ORF M13 phage library and identified transforming growth factor-beta receptor-interacting protein (TRIP-1), a high affinity protein that expressed by a subpopulation of bone marrow cells (<10% by immunohistochemistry). TRAP-TRIP interaction was confirmed by ELISA and far-westernblotting.  In vivo, TRIP-1 positive cells resided in the endosteum and periosteum of mouse long bone. In the developing long bone, the mature cartilage is absorbed by TRAP positive chondroclasts. A number of TRIP-1 positive cells were also observed in the trabecular bone adjacent to mature chondrocyte. In the mouse femur fracture model, the TRAP positive cells accumulated at the fracture gap from day 1 to day 7 after fracture. Simultaneously, TRIP-1 positive cells are also proliferative and gradually become a dominant population in the fracture callus. When the fracture site is infused with lenti-virus expressing siRNA against TRIP-1, the callus formation is significantly delayed. Similarly, relatively lower number of TRIP-1 positive cells were observed in the long bone of aging mice (2 years old) than in young adult mice. In conclusion, TRIP-1positive cells represent an essential subpopulation of mesenchymal cells in fracture healing and bone development and Trip-1 is a putative marker of stem/progenitor cells that are recruited to the bone fracture site by TRAP-TRIP interaction.
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