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Relevance of cell death to bone disease
GROWTH PLATE CHONDROCYTE APOPTOSIS
Whether abnormalities of chondrocyte death
contribute to the pathogenesis of any of the
forms of epiphysial dysplasia is not certain.
One recent piece of evidence suggests hyper-
trophic chondrocyte apoptosis may be impor-
tant in growth plate ossification.*® Hyper-
trophic chondrocytes overexpressing a mutated
form of the fibroblast growth factor receptor
FGFR3, which has ligand independent tyro-
sine kinase activity, as happens in achondro-
plastic dwarfism, were more resistant to apop-
tosis. This suggests that apoptosis of
hypertrophic chondrocytes has a permissive
role in growth plate ossification.

OSTEOCLAST APOPTOSIS

The aforementioned studies of osteoclast
apoptosis have been almost exclusively in
animal models, therefore, the contribution of
changes in the regulation of osteoclast apopto-
sis to the pathogenesis of bone disease can only
be speculated. Human osteoclasts certainly can
undergo apoptosis, having been observed in
bone from patients with osteoarthrosis, hyper-
parathyroidism, and Paget’s disease (Hughes
and Boyce, 1995 unpublished observations). It
can also be seen readily in osteoclast rich
lesions such as giant cell tumours of bone and
tendon sheath and aneurysmal bone cysts
(Hughes and Boyce, 1995 unpublished obser-
vations; Salter and Reid, 1995 personal com-
munications) (fig 1a). The observation of
apoptotic osteoclasts in these situations is pos-
sible because of the abnormally large numbers
of osteoclasts present. Because of the short
duration of apoptosis (as little as one hour in
some cell types) and the relative rarity of osteo-
clasts in normal bone, the probability of
observing an osteoclast in apoptosis by chance
in normal human bone is extremely small.
While it is theoretically possible that in some
diseases characterised by increased bone re-
sorption (Paget’s disease of bone, hyperpar-
athyroidism, and post-menopausal osteoporo-
sis) there is relative inhibition of osteoclast
apoptosis, this hypothesis is impossible to test
using currently available techniques. However,
it is noteworthy that bisphosphonates, which
are effective therapeutic agents in Paget’s
disease of bone and post-menopausal oste-
oporosis, promote osteoclast apoptosis not only
in rodents” but also in humans (Boyce and
Hughes, 1996 unpublished observations).

APOPTOSIS IN THE OSTEOBLAST LINEAGE

Currently, the only evidence to suggest that
apoptosis of any cells of the osteoblast lineage
is an aetiological factor in any form of bone
disease is a study by Dunstan and co-workers
who found empty osteocyte lacunae more
frequently in femoral heads from elderly
subjects than from young subjects.”” They did
not comment on osteocyte apoptosis as the
possible cause of the disappearance of osteo-
cytes from these bones, but osteocyte apoptosis
in the proximal femur could perhaps be linked
in some way to the increase in fragility of bone
at this site in the elderly. Osteocyte death has
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also been reported in osteoarthrosis, but this is
perhaps more likely to represent a consequence
rather than a cause of the disease. Loss of nor-
mal function of p53 and the retinoblastoma
gene are strongly associated with the pathogen-
esis of osteosarcoma through a variety of lines
of evidence.’** When the function of these two
genes is lost simultaneously there is evidence
that cell proliferation outweighs apoptosis.”
However, the significance of this to the
development of osteosarcomas is unknown.

Conclusions

Although cell death in bone may have been
described almost 100 years go, its possible role
in bone physiology and pathology has been
largely ignored until recently. Even now, the
level of knowledge and understanding of cell
death in the osteoclast and osteoblast lineages
is rather limited because of the difficulty of
studying this process, particularly in vivo.
However, there is now increasing evidence to
suggest that, at least in the osteoclast lineage,
changes in the regulation of cell death may
contribute to clinically important diseases of
bone such as post-menopausal osteoporosis,
and that the induction of osteoclast apoptosis is
a potential therapeutic tool for treating these
diseases.

Much of the work on osteoclast apoptosis that is described in
this article was facilitated by the excellent technical work of
Beryl Story and Arlene Farias. Work relating to cell death in
bone in the laboratory of BFB has been funded by National
Institutes of Health grants AR 43510, AR 39529, and DK
45299, and by a grant from the Center for the Enhancement of
the Biology/Biomaterials Interface (CEBBI). DEH was the
recipient of an Eli Lilly/Medical Research Council Travelling
Fellowship while carrying out some of this work.
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