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Abstract

In order to prevent and reduce the incidence of osteoporosis and other metabolic
bone diseases in the elderly, the proportion of which is on the rise, we need to understand
what factors and how they that determine bone mass, etiology and pathophysiology and
factors that can slow down changes in bone microarchitecture and bone loss. Our
Consortium for Calcium and Bone Research (COCAB), thus aimed to use a
multidisciplinary approach to obtain knowledge regarding the mechanisms of intestinal
calcium absorption, bone remodeling and factors involved in their regulation so that these
findings would provide solid foundation for future research for prevention, diagnoses, and
treatment.

Our research was divided into two major projects. First was the study of the role
of prolactin as a calcium regulating hormone, especially its significance in pregnancy and
lactation. The second project was the study of regulation of bone turnover by the nervous
system.

Study in experimental animals and cultured cells showed that prolactin, a
pituitary hormone, enables maternal boby to provide adequate calcium for fetal
development and milk production by stimulating the intestinal calcium absorption, both the
transcellular active transport and paracellular transport. For example, in rats, long termed
elevation of circulating prolactin to 75-100 ng/mL in pregnancy and 200-300 ng/mL in
lactation increases the expression of proteins involved in the transcellular calcium
transport, namely TRPV6, TRPV5, and calbindin D9k, and reduces the expressions of
proteins that regulate tight junction, namely occludin and ZO-1 resulting in increased
paracellular calcium transport, we call this approximately two-fold increase in intestinal
calcium absorption Step-1, which is immediately increased to Step-2 when blood prolactin
level shoots up to 600-800 ng/mL 15-90 minutes after the start of nursing. This Step-2
response is acute and does not involve expression of calcium transporter genes. Based
on this information, lactating mothers should drink a glass of milk or take calcium
supplement about 30 minutes before nursing the baby as the elevated prolactin level in
Step-2 will further increase maternal calcium absorption. The absorbed calcium will thus
be available for milk production and help reduce demand for resorbed calcium from bone,
which will be benefitial to mother in the long run.

Prolactin also has a stimulating effect on bone remodeling. Together with other
hormones, prolactin induces bone calcium accumulation during pregnancy and bone
resorption during lactation. We have shown that prolactin can directly stimulate osteoblasts
to secrete RANKL and to stop secreting osteoprotegerin, thus resulting in enhanced

osteoclastogenesis and bone resorption. Our work on prolactin and its calcium regulating
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roles has recently been published as a review in Trends in Endocrinology & Metabolism,
2010 Vol.21, and pp 395-456.

In part two of our project, we studied the neural control of bone turnover by
identifying adrenergic receptors as the sympathetic nervous system has been known to
regulate bone remodeling. Besides [.-adrenergic receptor (B.-AR) and Ql;-adrenergic
receptor (O;-AR), we found that it was [3;-adrenergic receptor ,-AR that mediates the
stimulatory effect of the sympathetic neural control on differentiation of progenitor cells in
to osteoblasts. In addition, we showed that low doses of [3,-AR blocker could induce bone
formation. Decrease in bone loss is generally achieved by preventing bone resorption and
not by increasing bone formation as anabolic agents are rare. However, our finding is of
potential importance and can lead to development of B,-adrenergic agonists that could be
used to enhance bone formation.

It is well known that bone remodeling or bone turnover is directly associated with
ion exchanges eg., calcium and phosphate between the extracellular fluid and bone fluid.
However, very little is known about the barrier separating the two compartments or “bone
membrane”, which is believed to be an epithelium-like layer of bone lining cells (also
known as inactive osteoblasts). Another of our recent investigations has provided evidence
of the existence of this bone membrane. We showed that osteoblasts expressed mRNA of
epithelial tight junction—associated proteins, namely, Z0-1,-2,-3, cingulin, occludin,
claudins-1 to -12, -14 to -20, -22 and -23. Many claudin proteins were expressed; of
special interest is claudin -16, which is like a calcium channel in the tight junction.
Therefore, we have provided evidence in support of the existence of bone membrane,
which could be an important new target for research on drugs to modulate bone

resorption.
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