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Metastatic cancer, unlike benign tumour
growth, can be conceptualised as a second
independent cancerous disease emerging

from a primary tumour. Metastatic cancer
dissemination, discussed in a recent editorial by
Denys Wheatley [1], is ‘the scourge of cancer’.
Despite decades of investigations into the processes,
the underlying mechanisms of cancer promotion
remain disputed. The growing consensus is that
chronic inflammation plays a major role [2], but
there is no consensus on the key molecular
mechanisms responsible. Although the concept of
cancer stem cells is now well established, their exact
identity and origins remains unclear [3]. A better
understanding of the mechanisms involved in the
initiation of metastatic disease could lead to more
effective treatment modalities, and most importantly,
novel means of preventing the development of
metastatic cancer.

Recent studies by Shiozawa et al. [4,5] ascertaining
the precise location metastasising prostate cancer
(PCa) favours bone marrow, which is a fundamental
advance in our understanding of the metastatic
development. Aside from suggesting novel clinical
interventions in metastatic disease, the findings give some insights
into the fundamental mechanisms underlying the origin of
metastatic cells. In advanced PCa, ~70% of the cases develop bone
metastases as opposed to other tissues [6]. The reason PCa
preferentially targets a precise microenvironment within the bone
marrow remains unclear [7]. Shiozawa et al. [4] found that
metastasizing PCa cells compete directly with haematopoietic stem
cells (HSC) for the same niche as HSC, but the molecular basis for
this, e.g. the chemoattractants and attachment factors involved,
remains unclear. This astounding similarity between HSC and
metastatic PCa cell behavior invites questions such as: can we take
advantage of it to improve current treatment for PCa? And, is this
similarity more than just functional, which may be merely the result
of random genetic evolution and selection of unstable PCa cells, or
are metastatic PCa cells fundamental in some way related to bone
marrow stem cells [8]?

The hypothesis that metastatic cells are derived not from (as is
commonly believed) local cancerous tissues, but rather from cells
of the haematopoetic system has gained some support [9-11], in
which it has been shown that circulating bone marrow derived
cells (BMDC) contribute to the progression of cancers (e.g. gastric,
breast) to the metastatic state. The identity of this BMDC is
disputed, with some strongly favouring macrophages, and others
supporting stem cells of haematopoetic or mesenchymal origin, as
also the mechanisms involved. Chronic inflammation, whether the
result of infection, wounding, or even unrepairable genetic damage
(see the recent New York Times headline [12] featuring the
research of Baker et al. [13]), leads to the recruitment of circulating
BMDC, which help local cells repair/replace damaged tissues. If
the damage persists, the ongoing repair signals may eventually
drive exhausted BMDC cells into a catastrophic last attempt at
tissue repair/replacement by cell-cell fusion, in which they acquire
the phenotype of a metastatic cell – widespread deregulated
dissemination and growth. Yet these putative new metastatic cells
retain much of their original phenotype – they continue to
functional like circulating BMDC that home to their original niches.
Regarding PCa, Shiozawa et al. [4,5] suggest that a circulating
peripheral HSC that has a role in tissue repair is the BMDC from
which metastatic PCa cells originate. Further work should show
how a peripheral HSC recruited to a site of chronic inflammation

in a hyperplastic prostate becomes dysfunctional and
metastatic, while also acquiring prostate epithelial
characteristics (Houghton and Wong [9] suggest some
scenarios).

Whether the homing of PCa metastatic cells to
bone marrow HSC microniches is due to an acquired
HSC functional similarity, or a reflection of their
origin from HSC, better knowledge of their behaviour
could help improve PCa treatment. One possibility
might address a clinical dilemma of PCa in which an
apparently cured patient (via prostatectomy) is left
with a substantial chance of delayed development of
bone metastases (sometimes many years later). We
can speculate that metastasised PCa cells in the bone
remain quiescent, typically like HSC, while occupying
the HSC niche. Perhaps, in this dormant state PCa
cells remain undetected for years until something
activates their proliferation or mobilises them. This
dormancy might contribute to chemoresistance,
another problematic feature of metastatic PCa
because most cytotoxics kill only cycling cells. An
improved chemotherapeutic treatment might
chemically mobilise metastatic PCa cells from the
HSC niche, as is commonly done in HSC transplant

settings prior to chemotherapy, rendering PCa cells sensitive to
chemotherapeutic agents. A caveat is that mobilisation should
preferably target PCa cells and not HSC.

Beyond envisaging new treatments, the possibility that HSC-like
metastatic PCa cells arise from an inflammation-driven promotion
process (e.g. BMDC fusion with prostate epithelial cells) suggests
that metastasis might be prevented by suppression of chronic
inflammation [14]. An alternative or complementary approach
would focus on interfering with the process cell fusion [15]. These
novel approaches require much further research.
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