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From 28 May through 1 June in 2013, Second Joint Meeting of
the International Bone and Mineral Society and the Japanese
Society for Bone and Mineral Research was held in Kobe,
Japan. This meeting report summarizes several topics clinically
relevant to osteoporosis pathophysiology and epidemiology,
covering some translational studies as well.

Osteoporosis Epidemiology

Recent evidence indicates that incidence of hip fractures is on
the decline worldwide, particularly among Whites in Western
countries. In contrast, both the number and incidence of hip
fractures seem to be increasing in Japan.1 This has, in part,
been attributed to a drug lag in Japan that caused several years
of delay in introduction of bisphosphonates. Yasuto and
Hagino2 reported results of a fracture survey in Tottori pre-
fecture in 2010–2011. Compared with 1994–1995, a significant
increase was observed in the incidence of limb fractures in men.
A paper presented by Ha3 indicated that the number of hip
fractures also increased twofold from 2002–2011 in Korea.
These results suggest the influence of medications and ethnic
differences, but the mechanism of such trends in Asia remains
largely unknown and requires further investigation.

Although body mass index is a well-known determinant
of bone mass, there are still some controversies in terms of the
role of each component: subcutaneous and visceral fat and
muscle. One report from Korea by Choi et al.4 demonstrated
that sarcopenia is closely associated with low bone mineral
density (BMD) in elderly men. Another observation by Kim5

indicated that visceral adiposity is a risk factor of low BMD in
Korean men and women. Interplay between bone and muscle or
fat remains a big issue.

Osteoporosis Pathophysiology

High bone turnover has been demonstrated to be a risk factor of
fractures independent of BMD. Gossiel et al.6 reported inter-
esting results based on P1NP and CTX data from the
Osteoporosis and Ultrasound Study that women with vertebral
fractures had more negative balance of turnover, in other words,
greater differential values between resorption and formation

markers, than those without fractures, but not significantly
different values of each marker. Further studies will be
necessary to establish predictive value of relative balance, as
compared with absolute levels of bone resorption and formation
markers.

Serum levels of uric acid have been reported to be positively
associated with BMD, probably owing to its anti-oxidant
property.7 Such relationship between uric acid and bone was
also observed in Japanese postmenopausal women, according
to a report by Ishii et al.8 They demonstrated that serum uric acid
was an independent determinant of lumbar spine BMD even
after being adjusted for major confounders.

Vitamin D System

Complexity of the vitamin D system has been drawing great
attention. Vitamin D insufficiency is a well-established risk of
osteoporosis and is also associated with various diseases,
including cardiovascular events. However, as for the impacts of
the vitamin D system on each tissue, relative contribution of
locally produced 1a, 25-dihydroxyvitamin D (1,25D) by widely
expressed CYP27B1 (25-hydroxyvitamin D 1a-hydroxylase),
circulating 1,25D as a hormone, and parathyroid hormone is yet
to be determined. Inoue et al.9 reported that liver does not
express CYP27B1 and is unable to produce 1,25D and that liver
expression of ApoA1, a major apoprotein of high-density
lipoprotein, is likely to be subjected to regulation by circulating
rather than locally produced 1,25D. Clinical relevance of
potential roles of vitamin D in cardiovascular diseases remains
to be determined.

Amazing observations by Cheng et al.10 indicated that
parathyroid CYP27B1 is a critical source of circulating 1,25D.
Parathyroid-specific CYP27B1 knockout mice crossed with
heterozygous calcium-sensing receptor knockout mice
developed secondary hyperparathyroidism due to decreased
serum calcium and 1,25D levels. These findings raise an
interesting possibility that lack of parathyroid glands will cause
low serum 1,25D levels not only because of diminished renal
CYP27B1 expression but also due to the lack of 1,25D pro-
duction by parathyroid glands, which should result in a more

Citation: IBMS BoneKEy 10, Article number: 412 (2013) | doi:10.1038/bonekey.2013.146

& 2013 International Bone & Mineral Society All rights reserved 1940-8692/13
www.nature.com/bonekey

IBMS BoneKEy | SEPTEMBER 2013 1

http://dx.doi.org/10.1038/ibmsbonekey.2013.146
http://www.nature.com/bonekey


profound decrease in circulating 1,25D concentrations than
other forms of hypoparathyroidism. Future studies will be
necessary to determine regulatory mechanisms of CYP27B1
expression in parathyroid glands and clinical significance of
parathyroid-derived 1,25D.

Novel regulatory mechanisms of CYP27B1 were reported by
Yamamoto et al.11 They showed that thyroid hormone (T3)
repressed transcription of CYP27B1 gene through putative
negative thyroid hormone response element. These obser-
vations may be relevant to the pathophysiology of osteoporosis
associated with thyrotoxicosis.

Osteoporosis and Cardiovascular Diseases

Cardiovascular diseases have been shown to be associated
with bone loss, fractures and increased bone markers. One
circulating factor affecting both bone and vascular metabolism
is inorganic phosphate, serum concentration of which is mainly
regulated by parathyroid hormone and fibroblast growth factor
23. Increased serum phosphate levels have been linked to the
development of atherosclerosis, particularly in those suffering
from chronic kidney disease (CKD) and diabetes mellitus (DM).
It is known that compensatory increase in fibroblast growth
factor 23 levels can already be observed at early CKD stages
without appreciable changes in serum phosphate levels. Yoda
et al.12 demonstrated that in type 2 diabetic patients response
of parathyroid hormone and fibroblast growth factor 23 to oral
phosphate load is impaired. In fact, serum phosphate levels
were increased in those patients compared with non-DM
controls. Circulating phosphate not only causes passive
vascular calcification but can also elicit various cellular
responses in vascular smooth muscle cells. Thus, defective
phosphate handling could be a potential mechanism of
advanced atherosclerosis in diabetes.

Szulc et al.13 reported that low serum levels of dickkopf-1
(DKK1) was associated with severe aortic calcification in men.
DKK1 inhibits Wnt canonical signaling and thereby suppresses
bone formation. Therefore, DKK1 may be another factor that are
involved both in physiological regulation of BMD and in
pathological process of vascular calcification. These obser-
vations may also be relevant to the use of anti-DKK1 antibody as
a bone-anabolic agent for the treatment of osteoporosis.

Central Nervous System Regulation of Bone Metabolism

DFosB is a truncated isoform of an activator protein-1 (AP-1)
transcription factor FosB, which has been shown to stimulate
bone formation and thereby increase bone mass when over-
expressed in transgenic mice. These mice develop not only high
bone mass but also decreased adipose tissue.14 Previous
results have suggested that osteoblast stimulation is a cell-
autonomous effect while decreased adipogenesis is not. In
brain,DFosB has originally been identified as a factor involved in
drug addiction that accumulates in neurons by repetitive
exposures to drugs such as cocaine because of its extra-
ordinary long half-life. Sato et al.15 reported that introduction of
DFosB in ventral hypothalamus by stereotaxic injection of an
adeno-associated virus (AAV) expression vector increased
bone mass, energy expenditure as well as insulin sensitivity,
thus identifying a novel central nervous system regulation of
glucose metabolism.

They also targeted Cart or AgRP neurons to express Cre-
recombinase in transgenic mice and injected Cre-dependent
expression vectors of various AP-1 antagonists, includingDFosB,
D2DFosB, DNJunD and Fra1, into ventral hypothalamus.16

Results have demonstrated that all these factors lacking theirown
transcriptional activity cause increased bone mass and energy
expenditure, suggesting that inhibition of AP-1 activity in these
neurons is responsible for the observed phenotype.

Another interesting story of bone/brain association was
presented by Lin et al.17 They injected an osteocalcin
expression AAV vector into the arcuate nucleus. Twelve weeks
later, the mice exhibited osteopenia with decreased mineral
apposition rate and increased osteoclast surface. They further
demonstrated that osteocalcin AAV was not effective in mice
lacking Neuropeptide Y, suggesting a critical role of Neuro-
peptide Y in this negative feedback loop through osteocalcin.

Cytokines

Interleukin (IL)-11 is an osteogenic cytokine that promotes
osteoblast differentiation and inhibit adipogenesis. Over-
expression of IL-11 in transgenic mice results in increased bone
mass due to enhanced bone formation. Because IL-11 is induced
in osteoblasts by mechanical loading as a downstream effector of
AP-1, particularly DFosB, it is likely to have a role in physiological
regulation of bone mass.18 Consistent with this idea, Dong et al.19

have shown that global deletion of IL-11 gene in mice leads to
osteopenia due to impaired bone formation. They further reported
that not only bone marrow fat but also subcutaneous and visceral
fat mass was decreased in IL-11 knockout mice. These results
clearly demonstrate that IL-11 is a physiological regulator of bone
and fat mass at least in mice. Clinical impacts of IL-11 on bone
metabolism remains to be elucidated.
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