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Fracture healing research have been performed in mammalian models not only for clinical applications
but also for bone development analyses. However, observation of the bony cell behavior in living animals
has been difficult in the conventional models. Here in this study, we developed new fracture healing model
by using teleost fish, medaka, which transparent caudal fin enable us to observe the healing process in
living animals.

We fractured one side of lepidotrichia in a caudal fin ray with lower-level injury of surrounding soft
tissues including blood vessels. Using transgenic medaka (Tg) in which osteoclasts and osteoblasts were
visualized by GFP and DsRed, respectively, we found that two different types of osteoclasts were induced
before and after the osteoblast callus formation. The early-induced osteoclasts resorbed the bone fragments
and the late-induced osteoclasts remodel the callus. Both types of osteoclasts differentiated on the surface
of blood vessels, whereas osteoblasts migrated to fracture site from adjacent fin ray surface.

Regarding the mechanisms for these cell differentiation and migration, we examined inflammation.
Cyclooxygenese-2 (COX-2) is one of the inflammatory induced enzyme to produce prostaglandin E2
(PGE2), which is general regulator of bone metabolism. We generated Tg in which GFP express under the
control of cox-2 promoter and evaluate its expression during fracture healing. As the result, we found that
cox-2 expression was detected around blood vessels. Furthermore, loss of function analysis by using
chemical inhibitor demonstrated that COX-2 was related to bone remodeling by the late-induced
osteoclasts.

Next, we examined the functions of transforming growth factor B (TGFB) that is one of the
inflammation-induced signals during fracture healing. TGFp is a well-known cytokine that regulate both of
bone formation and bone resorption. However, the function of TGF( in the healing during fracture healing
was poorly understood, because broad inflammation of soft tissues in mammal models disturb analysis of
its specific functions on bone healing. Medaka fracture healing model is suitable to analyze TGFb
functions from this point of view.

RNA in situ hybridization analysis during medaka fracture healing showed that only tgf3-2 was expressed
in the bone forming region. Furthermore, loss of function analysis by using chemical inhibitor
demonstrated that inhibition of TGFp signaling repressed migration of osteoblasts and differentiation of
osteoblasts and osteoclasts. Interestingly, two specific matrix metalloproteinase (MMP), mmp-2 and
mt1-mmp, both of which are reportedly related to TGF( activation, expression was induced independently
of TGFp signaling. Thus, TGFB-2 may have functions as chemotactic inducer for migration of osteoblasts
and differentiation of osteoblasts and osteoclasts.
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