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Temporal and Time-spatial Expression of RANK and RANKL
in the Bone Marrow Cells Induced by Calcium Phosphate Base Materials
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The relationship between the absorption of calcium phosphate base materials and regenerative new bone for-
mation was investigated with various types of calcium phosphate base material to fill femoral defects in Wistar
rats. Particularly, the involvement of osteoclasts in the absorption of these base materials and new bone forma-
tion, and osteoclast differentiation factor (RANKL) acting on these osteoclasts and its relationship with its re-
ceptor, RANK, were investigated.

Animals were divided into an untreated intact group, and groups with a2 X 3 X 2-mm bone defect without
filling (defect group), filled with 8-TCP (T'CP group ), filled with CAP sintered at 750C for 2hours (sin-
tered CAP group, sCAP group), and filled with non-sintered CAP (non-sintered CAP group, nsCAP group ).
Time-course changes from three days to two months after filling were histologically observed by HE and
TRAP staining and immunostaining with anti-RANK and anti-RANKL antibodies.

Granulation tissue was prominent at day three and five in the groups filled with the base materials, and os-
teoblast differentiation and osteoid and new bone formation were observed. Time required to achieve the new
bone formation was long in the TCP and sCAP group, whereas short in the nsCAP group. Based on the
TRAP-positive findings, TRAP-positive osteoclasts were observed at both base materials and new bone in the
presence of nsCAP group compared to sSCAP group. Regarding RANK and RANKL expression, based on the
time-course dynamics, TRAP-positive osteoclasts were consistent with RANK-positive cells. On observation of
the intact group, RANKL-positive cells, which induce osteoclast differentiation, were abundantly present in the
bone marrow, and their shapes were heterogeneous, suggesting that these cells were immature stem cells, and
there was no RANK-positive cell in this bone marrow tissue. On the other hand, in the defect group, RANKL-
positive cells were observed in immature granulation tissue, and RANK-positive cells were also observed
around the osteoid. Gradually, RANK-positive cells tended to decrease. In the TCP and sCAP group,
RANKL-positive cells were observed from three days later from two months after filling, and RANK-positive
cells were observed throughout the period except day five and seven after filling in the TCP group and day
three after filling in the sCAP group. In the nsCAP group, RANKL-positive cells were observed between days
three and seven, but not in the remaining period, and RANK-positive cells were observed throughout the pe-
riod except the one week.

Taken together, these results suggest that temporal and time-spatial dynamics of RANK and RANKL ex-
pressions varied depending on the type of calcium phosphate base material applied to the femur bone wound
healing in Wistar rats, and RANK and RANKL-positive cells were closely related in the absorption of these
base materials and new bone formation. Further modification of calcium phosphate base materials is expected
to lead the development of a biocompatible activity to achieve the osteoconductive activity and to fade away
with regenerative new bone formation.

Key words: RANK, RANKL, CAP, calcium phosphate base materials
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