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The investigations from the aspect of “ostecimmunology” provided a recent advance on bone cell biol-
ogy?. Various molecules identified to play a crucial role in immune system also play a role in bone system.
For example, RANK-RANKL system was originally identified in dendritic cells and T cells?, but these mol-
ecules are both essential for osteoclast differentiation and skeletal development®%. Nuclear factor of acti-
vated T cells (NFATc1) was also originally identified in T cells, but plays an essential role in osteoclast
differentiation®. Thus bone and immune systems share common molecules. Here we introduce a seven
transmembrane receptor protein, dendritic cell specific transmembarne protein (DC-STAMP) as an

“osteoimmunology” molecule, which plays a role in both bone and immune systems.
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DC-STAMP and Bone system

Osteoclasts are bone-resorbing giant cells derived from he-
matopoietic stem cells or monocyte/macrophage lineage cells®.
The most characteristic feature of osteoclasts is multi-nucleation
induced by a cell-cell fusion of mono-nuclear osteoclasts. Vari-
ous molecules such as macrophage fusion receptor, E-Cadherin
and meltrin-« had been reported involved in osteoclast or mac-
rophage cell-cell fusion”, however, defects in cell-cell fusion
of osteoclasts and macrophages had not been shown by using
knockout mice of these genes.

To isolate an osteoclast cell-cell fusion molecule, we under-
took DNA subtraction screen between multi-nuclear osteoclasts
and mono-nuclear macrophages, and we identified dendritic cell

specific transmembrane protein (DC-STAMP) as an osteoclast

specific molecule'®. DC-STAMP was originally isolated from
dendritic cells or IL-4 stimulated macrophages'!'?, and was re-
portedly involved in osteoclast differentiation'®. We generated
DC-STAMP-deficient mice and found that DC-STAMP was
essential for cell-cell fusion of osteoclasts and macrophages'®.
Cathepsin K, a terminal differentiation marker of osteoclasts, or
c-Fos and NFATc1, both of which are essential transcription fac-
tors, were equally expressed in DC-STAMP-deficient and wild-
type osteoclasts. The defect of cell-cell fusion in DC-STAMP-
deficient osteoclasts was rescued by a forced expression of DC-
STAMP. Thus DC-STAMP was considered specifically required
for cell-cell fusion of osteoclasts rather than differentiation.
Although the multi-nucleation of osteoclasts is well known

phenomena, the role of cell-cell fusion on bone system had not
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been characterized. We found that cell-cell fusion of osteoclasts
upregulated the efficiency of bone resorption, and therefore, DC-
STAMP-deficient mono-nuclear osteoclasts were less efficient
to resorb bone compared with wild-type multi-nuclear osteoclasts.
This leads DC-STAMP-deficient mice to increased bone mass
than wild-type mice. Thus DC-STAMP regulates osteoclast cell-
cell fusion, efficiency of osteoclast bone-resorption and physi-
ological bone mass (Fig.1). Since DC-STAMP expression is di-
rectly regulated by c-Fos and NFATc1 in osteoclasts'¥, DC-
STAMP plays a critical role in regulating bone homeostasis
through osteoclasts. Recently, v-ATPase VO subunit d2
(ATPv0d2) was reportedly involved in osteoclast cell-cell
fusion'®, and its expression was promoted by NFATc1'®. The
expression of ATPv0d2 was not different between DC-STAMP-
deficient and wild-type osteoclasts', suggesting that DC-
STAMP and ATPv0d2 regulate osteoclast cell-cell fusion inde-
pendently. Further studies are required to elucidate the mecha-

nisms of osteoclast cell-cell fusion.

DC-STAMP and Immune system

Denderitic cells (DCs) are professional antigen presenting cells
that present processed antigens to T cells. DC-STAMP was origi-
nally identified in dendritic cells'”, however, its specific role in
DCs was not demonstrated. Since DCs do not fuse, it was specu-
lated that DC-STAMP has a role other than cell-cell fusion in
dendritic cells. We found that DC-STAMP regulated antigen
presentation activity in DCs and maintenance of immune self-
tolerance'”.

DCs take up and process antigens, and present them to T cells
in the context of MHC class I and II molecules. We found that
antigen presentation activity of DC-STAMP-deficient DCs was
higher than that of wild-type DCs in both class I and II pathways'”.
The lack of DC-STAMP did not inhibit differentiation or prolif-
eration of DCs, suggesting that DC-STAMP specifically regu-

lates antigen presentation activity of DCs. Since the activation
of T cells by DCs in both class I and II pathways is high in DC-
STAMP-deficient DCs than wild-type DCs, a general mecha-
nism, such as phagocytotic activity, may underlie high antigen
presentation to class I and II pathways in DCs from DC-STAMP
deficient mice. Indeed, DC-STAMP-deficient DCs showed
higher phagocytotic activity than wild-type DCs.

Interestingly, aged DC-STAMP-deficient mice showed sev-
eral systemic autoimmune symptoms including spontaneous
lymphoproliferation, splenomegaly associated with infiltration
of T-cells in several organs and increased serum anti-double
stranded DNA antibody production'”. Excessive immunization
with activated DCs induces autoimmune disease'®'”, whereas,
prolonged DC survival by inhibiting apoptosis of DCs induces
autoimmunity®”, suggesting that over or prolonged antigen pre-
sentation by DCs induces autoimmune symptoms. DC-STAMP
plays a role in regulating maintenance of immune self-tolerance

through controlling antigen presentation of DCs.

Discussion

To date, various molecules have been identified to play a role
in regulating both bone and immune systems. We previously
demonstrated that osteoclasts and DCs share common precursor
cells?V. From common precursor cells, osteoclasts and DCs dif-
ferentiate into professional bone resorbing and antigen present-
ing cells, respectively. DC-STAMP is highly expressed in both
cells, and plays an essential role in regulating cell-cell fusion
and bone resorbing efficiency in osteoclasts or phagocytosis and
antigen presentation activity in DCs, respectively (Fig.2). Thus
DC-STAMP plays a critical role in regulating both bone and

immune system as an “‘osteoimmunology” molecule.
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