
The RANK/RANKL signalling mechanism is 
the final common pathway of osteoclast forma-
tion and activity1. Inhibitors of RANK ligand 
(RANKL) that bind to RANK (for ‘receptor 
activator of NF-κB’), such as osteoprote-
gerin (OPG), neutralizing antibodies against 
RANKL and soluble RANK antagonists, are 
well described inhibitors of bone metastasis 
in preclinical and clinical models, presumably 
because of their effects on osteoclasts2. Jones 
et al.3 show that OPG inhibits bone metastasis 
after intracardiac injection of B16F10 murine 
melanoma cells, but claim that bone meta-
stases are entirely independent of osteoclast 
formation and bone resorption: rather, they are 
caused by an effect on cell migration through 
RANK. However, we question whether these 
surprising conclusions are rigorously sup-
ported by their data3.

The significance of RANK production by 
cancer cells has long been of interest, particu-
larly as this TNF (for tumour-necrosis factor)-
receptor family member is expressed in several 
breast-cancer cell lines and in a series of clinical 
breast cancers4. However, its role, if any, in the 
bone metastatic process is difficult to unravel 
in the absence of osteoclastic bone resorption.  
With this preclinical model of bone meta-
stasis5, tumour burden at bone metastatic sites 
is decreased whenever osteoclasts are inhibited 
— whether by bisphosphonates, inhibition of 

RANKL, neutralizing antibodies against para-
thyroid-hormone-related protein (PTHrP) or 
inhibitors of PTHrP transcription2,6,7. Evidence 
for a central role for osteoclasts in bone meta-
stasis is therefore compelling.

Jones et al.3 assume that osteoclasts have 
no role in their model of metastasis. To prove 
that, quantitative histology would be required, 
with the number of osteoclasts counted from 
the early stages of tumour-cell growth in bone. 
Once bone tumours have become large and 
generally invasive (which includes cell migra-
tion), it becomes difficult to see and quan-
tify osteoclasts, even though classical large 
resorption-site Howship’s lacunae are present.  
These lacunae are characteristic of osteoclasts 
and cannot be generated by any other cell, as 
shown in a scanning electron microscope study 
of human cancers metastasized to bone8. Jones 
et al.3 indicate (their data are not shown) that 
treatment with the bisphosphonate zoledronic 
acid is ineffective in preventing bone-tumour 
growth. However, they do not provide the 
doses used, the timing of treatment, evidence 
that the zoledronic acid can inhibit osteoclasts, 
details of the behaviour of appropriate tumour 
controls (such as breast-cancer cells), or indi-
cation of whether treatment with OPG in the 
same experiment is effective. 

Investigations into the role of the bone 
microenvironment in helping cancers to 

establish and grow in bone indicate that the 
attachment, maturation and activation of 
osteoclast precursors are likely to be impor-
tant for tumour expansion, in which case the 
RANKL/RANK signalling system would be a 
suitable target for prevention and treatment. 
If the additional role of RANK-mediated cell 
motility proposed by Jones et al.3 does indeed 
replace that of osteoclasts in the case of B16F10 
melanoma cells, the provision of more convinc-
ing evidence would dispel any confusion. 
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Martin and Mundy1 emphasize the crucial role 
played by osteoclasts in the metastasis of many 
tumour types to bone. Our intention was not to 
question the importance of osteoclasts in bone 
metastases, but rather to show that RANK 
ligand (RANKL) exerts additional action on 
cancer cells beyond its effects on osteoclasts2. 
We reported that epithelial tumour cells can 
express RANK, a finding that is supported by 
earlier work3; that RANKL has chemotactic 
activity4; and that in vivo inhibition of RANKL 
by osteoprotegerin reduces tumour burden in 
bone when assessed in a previously published 
experimental system5. 

Mundy and Martin1 suggest that we cannot 
exclude the involvement of osteoclasts. For our 
in vivo studies, we chose a melanoma cell line 
that had previously been shown to metastasize 
to bone but not to trigger osteoclast activation5. 
We confirmed that spreading of these melanoma 

cells to bone does not result in obvious activa-
tion of osteoclasts by using several comple-
mentary approaches2: histo morphometry of 
bone structure; measurements of serum cal-
cium, phosphorus, alkaline phosphatase and 
tartrate-resistant acid phosphatase; and radio-
graphic analyses of bone. As these methods are 
the same as those used by Mundy and colleagues 
in their studies on bone metastases6,7, our meth-
odology would seem to be sufficient. Contrary 
to Mundy and Martin’s assertion, details of the 
doses of zoledronic acid we used and the timing 
of treatment are provided in our Supplementary 
Information (page 6)2.

Differences of opinion aside, Mundy and 
Martin pose an important question: what is 
the role of osteoclasts in bone metastases? All 
of the proposed theories are based on correla-
tive localization studies and experiments with 
bisphosphonates that affect not only osteoclasts 

but also angiogenesis, apoptosis, prolifera-
tion and migration of other cell types7–9. This 
question can ultimately be answered only by 
the use of genetic models. Such experiments 
were not possible, however, as all mutant mice 
with disrupted osteoclasts have severely altered 
bone structures, or have other pathways that 
have been affected. To answer this question 
genetically, we have generated RANKfloxed 
mice as a tool to knock out RANK in adult 
osteoclasts selectively, which should enable 
the role of osteoclasts in cancer metastases to 
be re-evaluated. 

Our findings2 describe an additional mecha-
nism through which RANKL could promote 
bone metastases, namely the stimulation of 
cancer-cell migration. RANKL is the master 
gene for bone turnover through osteoclasts10 

and has a key function in epithelial-cell 
proliferation in the mammary gland11. Based 
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on our own and other evidence2–4, including 
previous work by Martin and Mundy, RANKL 
qualifies as a bona fide soil factor that helps to 
explain the preferential metastasis of tumour 
cells into bones. The role of RANKL and 
RANK in cancer might extend beyond their 
function in osteoclasts and cell migration, to 
growth of the primary cancer. Because of its 
role in osteoclasts and in tumour cells, as also 
independently confirmed1–4,10,11, inhibition of 
RANKL–RANK interaction offers a target for 
interfering with tumour metastasis and pro-
gression in bone. 
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