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WFIEE R OB R (J€3L) : We examined the characteristics of osteoclast precursors in vivo,
and found that the precursor are specific myeloid cells, not common monocytes or
macrophages. We named these precursors “cell cycle-arrested quiescent osteoclast
precursors (QOP). QOP differentiate into osteoclasts without cell cycle progression. In the
present study, I revealed that (1) QOP circulate in the blood and settle in the bone in
response to bone resorption stimuli, (2) the expression level of RANK is up-regulated by
M-CSF(CSF1) in the QOP along the bone surface, and the expression of ¢c-Fos in the QOP is
also necessary for the up-regulation of RANK.
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Figure 1. Distribution of RANK positive cells and CSF-1R-positive cells in bone in
wild-type mice, R4NKL" mice and c-Fos™ mice.

(A, B) Sections of tibiae were prepared from 6-week-old wild-type mice, RANKL™ mice,
and c-Fos™ mice. (A) Sections were stamed for TRAP. TRAP-positive cells appeared
ted. (B) Sections were stained for RANK (green, upper panels), and CSF-1R (green,
lower panels). Nuclei were detected by DAPI staining (blue). Numbers of

RANK posifive cells and CSF-1R-positive cells in 0.135 mm’ of the central area just

under the te {rectan; were counted in three ima from three
RANKL™ mice and c-Fos™ mice (right panel). Results are expressed as the mean +s.d.

for three images *p<0.01. The tative image was shown in the left ©)
Total RNA was extracted from tibiae of RANKL™ mice and c-Fos™ mice. Expression
levels of RANK and CSF-1R mRNAs were estimated by quantitative real-time RT-PCR.
Results are expressed relative to the levels in RANKL™ mice. Results are as
the mean = 5.d. for three mice. *p<0.01. (D) Bone lysates were prepared fiom tibiae of
RANKL* mice and c-Fos™ mice, and subjected to Western blot analysis using
anti RANK antibody
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(A) Sections of spleen were from 6-week-old wild- RANKL™ mice

and ¢-Fos™ mice, and stained for RANK and CSF-1R.

lower . Nuclei were detected by DAPI staining (blue). Numbers of



RANK positive cells and CSF-1R-positive cells in 0.135 mm’” of the red pulp region
(rectangles) were counted in three images prepared from three wild-type mice. RANKL™
‘mice, and ¢-Fos™ mice (right panel). Results are expressed as the mean + s.d. for three
images "p<0 01 The representative image was shown in the left panel (B) Sections of
thymms and intestinal Peyer's patches were prepared from 6-week-old wild-type mice,
RANKL™ mice, and c-Fos™ mice. Sections were stained for RANK (green). Nuclei were
detected by DAPI staining (blue). Peyer's patches are indicated by dashed circles in

lower panels.
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Figure 3. A bone environment is d for the up-regulation of RANK

expression in csteaclast precursers.
(A) Wild-type mouse bone marrow cells were injected mto the left cardiac veniricle of
c-Fos™ mice myelosuppressed with busulfan_ After 18 days, sections of tibiae were
prepared and stained for RANK (green). Nuclei were detected by DAPI staining (blue).
Right panel, a high power view of the portion indicated. (B) Primary ostecblasts were
prepared from calvariae of wild-type mice and RANEL™ mice. Ostecblasts were
cocultured for 1 day (upper panels) or 5 days (Jower panels) with wild-type spleen cells
or e-Fos™ spleen calls._Anti CSF-1R antibody (AFS98) was also added to some

l of wild -fvpe sblasts and wild-fvpe spleen cells. Cells were fixed and

double-stained for RANK (green) and CSF-1R (red). Nuclei were detected by DAPT
staining (blue). Arnows indicate cells double positive for CSF-1R. and RANE (vellow
cells), The representative im

Numbers of RANE-positive cells (ereen. vellow) and CSF-1R-positive cells (red.
yellow) shown in {B) were counted Remults are expressed as the mean + s.d. for three

cultures. *p=0.01. (D} Tibiae were recovered from 6-week-old ¢-Fos™ mice. Sections of
tibiae were prepared and subjected to double staining of CSF-1 (Green) and CSF-1R
(red). Muclei were detected by DAPI staining (blue). Ammows indicate CSF-1R-positive

cells which are in contact with CSF-1-axprassimg osteoblastic calls.
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(A) Spleen cells obtamed form wi e mice and ¢-Fias™ mice were cultured for 2

in the of CSF-1 (10* unita/ml) to mar 1 ic

macr were firther cultured m the absence of CSF-] for 16 hours. Then cells

were treated for 0 and 8 hours with CSF-1 (10* i and total cellular RNA was

prepared. Levels of CSF-1R, c-Fos, and RANE mRNAs were estimated by quantitative
real-time RT-PCR. Results are expressed relative to levels in the wild-type macrophages
at 0 hour (control). Results are expressed as the mean + s.d. for three cultures. *p=0.01.
n.d.: not detectable. (B) Wild-type and o-Fas™ spleen macrophages were eultured for 0,
8, and 24 hours in the presence of CSF-1 (10*mits/ml). Cell lysates were then prepared,
and subjected to Western blot analysis using anti-c-Fos antibody and anti- RANK
antibody_(C) Spleen macrophages were prepared from c-Fos™ mice, and infected with
empty pMX¥ retrovirus (pMX-empty) or pMX retrovirs expressing c-Fos (pM3X-c-Fos).
Infected macrophages were cultured with CSF-1 (10* units'm]) for 48 hours, and cell
Tysates were prepared and subjected to Western blot analysis using anti-c-Fos and
anti-RANE antibodies.
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(A) o-Fas™ spleen macrophapes were infected with empty pMX retrovinus
(pMO-empty) or pMX retrovims expressing RANK (pMX-FANEK), and meubated with
RANETL for 0 and 15 min Then, cell lysates were prepared and subjected to Westerm

blot analysis using anti RANK, anti-ERK, and anti-phosph d ERK antibodies. (B)
Wild-type and e-Faos™ spleen macrophages were infacted with pMX-empty or
PMX-RANK. Enfected macrophages were cultured for 3 days with CSF-1 (10* units/ml)
in the presence or absence of RANKL (5 nM). Cells were then fixed and stained for
TRAP,_(C) Wild-type and ¢-For™ spleen macrophages wers infected with pMX-empty
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