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The needle in the haystack
Are all cancer cells equal or are some uniquely
responsible for initiating and sustaining the
growth of a tumour? Although the idea of a
cancer stem cell (CSC) or tumour-initiating
cell was well entrenched by the 1960s, it was
not until the mid-1990s that these cells were
identified and characterized.
Most of our understanding of CSCs has
come from studying haematopoietic malignancies. Jacob Furth and Morton Kahn were the
first to allude to CSC principles in 1937. Using
cell lines, they provided the first quantitative
assay for the assessment of the frequency of the
malignant cell maintaining the haematopoietic
tumour, at a time when the origin of leukaemia
as being viral or cellular was in dispute. They
showed that a single leukaemic cell was able
to transmit the systemic disease when transplanted into a mouse. This was followed by the
development of quantitative methods in the
1960s and 1970s to measure the clonogenic
potential of the cell type able to sustain tumour
growth in vivo. Robert Bruce and Hugo Van
der Gaag used the spleen colony-forming assay
(CFU-S) — a tool first developed by James
Till and Ernest McCulloch, and now widely
used in stem-cell biology — to show that only
a small subset of primary cancer tissue was
able to proliferate in vivo. Collectively, these
studies underscored the functional heterogeneity in tumours — not every cell is able to proliferate to form a colony in vitro or to give rise
to a tumour when transplanted in vivo — and
introduced the concept of CSCs.
However, it was not until the identification

and prospective purification of CSCs by John
Dick and colleagues in 1994 that concrete proof
was provided for a hierarchical (or stem cell)
model of cancer. Using limiting dilution analysis together with disease-initiation models,
these investigators showed that when isolated
from acute myeloid leukaemia (AML) patients,
only a small fraction of the tumour cells with
a characteristic marker signature were able to
establish leukaemia in recipient mice. This
provided a reproducible way of enriching cells
with tumour-initiating activity and ruled out
the stochastic model, which predicted that
such an activity would be present in every cell
fraction. AML-initiating cells were not only
able to differentiate and proliferate, but also
had the capacity to self-renew in vivo — a key
attribute of stem cells.
Recently, studies in solid tumours have
revealed that the CSC concept extends beyond
haematopoietic malignancies. Michael Clarke
and colleagues, and Peter Dirks and co-workers
showed that human breast and brain tumours
are not homogeneous, but rather contain a
small subset of cells that can be prospectively
isolated and are able to initiate phenotypically
heterogeneous cancers in vivo.
The identification of solid tumour stem
cells provided researchers with a firm basis on
which to re-evaluate cancer therapies to target
and eliminate not only the bulk population of
tumour cells, but also the rare but potent selfrenewing cells that initiate and sustain cancers. Efforts are now underway to unravel the
mechanisms that regulate CSC function, and

to determine whether such cells arise through
mutations accrued in normal tissue stem cells
or whether stem-cell properties are acquired in
more differentiated progenitor cells.
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