
351

tein tyrosine phosphatase termed OST-PTP4. Esp -/- mice
are hypoglycemic, protected from obesity and glucose intol-
erance because of an increase in -cell proliferation, insulin
secretion and sensitivity whereas mice lacking Osteocalcin
display glucose intolerance and decreased ‚-cell prolifera-
tion5. Genetic, cell-based and biochemical analyses show that
osteoblasts via osteocalcin stimulate ‚-cell proliferation and
expression of Insulin and Adiponectin, an insulin-sensitizing
adipokine, that Esp-deficient mice metabolic phenotype is
caused by a gain of osteocalcin bioactivity and that OST-PTP
regulates indirectly osteocalcin post-translational modifica-
tion. By revealing that the skeleton exerts an endocrine regu-
lation of sugar homeostasis this study expands our under-
standing of energy metabolism and its disorders.
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Bone remodeling, the process whereby bones renew
themselves, is regulated by multiple hormones. The clinical
observation that obesity protects from osteoporosis led us to
propose that bone remodeling and energy metabolism could
be regulated by the same hormone(s)1. We showed that lep-
tin, an adipocyte-derived hormone, is a major regulator of
bone remodeling by acting on osteoblasts through two dif-
ferent neural pathways2. On the one hand, sympathetic sig-
naling in osteoblasts favors osteoclast differentiation by
inducing RANKL expression; on the other hand, through
CART (Cocaine amphetamine regulated transcript) leptin
inhibits RANKL expression. The notion that the brain regu-
late bone mass has now been verified experimentally in mul-
tiple laboratories. These studies immediately raised a second
question: if fat and brain regulates bone remodeling by act-
ing on osteoblasts, are osteoblasts in turn regulating any
aspect of energy metabolism? In other words is the skeleton,
in addition to its well-known functions, an endocrine organ?

In the search for a bone-derived hormone regulating ener-
gy metabolism we generated Osteocalcin-/- mice display a high
bone mass phenotype3. While analyzing these mutant mice we
also noticed that they had an abnormal amount of visceral fat
(P. Ducy and G. Karsenty, unpublished observation). This was
the first evidence suggesting that the skeleton regulates ener-
gy metabolism and it prompted us to study this question.

To identify osteoblast-enriched genes affecting energy
metabolism, we generated mutant mouse strains lacking
genes expressed only or preferentially in osteoblasts.
Through this effort we inactivated, via classical means and in
an osteoblast-specific manner, Esp, a gene expressed in
osteoblasts and sertoli cells that encodes a receptor-like pro-
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