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Cancer stem cells: moving past the

controversy

Justin D Lathia*

It has long been recognized that tumors
contain cellular heterogeneity and share
histological features with developing tis-
sues. These observations have recently
been validated with functional assays to
confirm the presence of a cancer stem cell
(CSC) population in many advanced can-
cers, including glioblastoma (GBM) [1-4].
Although the CSC hypothesis remains con-
tentious, CSCs have been well established
in several advanced cancers, such as leuke-
mia, breast and colon cancer (see the review
by Visvader and Lindeman [5]), however,
their existence is less clear in other cancers,
including lymphoma [6]. Data identifying
the glycoprotein CD133 as a putative CSC
marker in GBM [3,4] have subsequently
been challenged (7] and the evidence for a
hierarchical organization, while indirectly
implied from differentiation studies, is
yet to be described using lineage-tracing
approaches. Central to the controversy over
the CSC hypothesis is the lack of standard
functional assays, discrepancies in termi-
nology, over-reliance on cell surface mark-
ers and plasticity between cell types. These
issues will be discussed in detail below. To
fully understand the contribution of CSCs
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to GBM progression and harness the
therapeutic insight that they provide, the
complexity associated with the CSC hypo-
thesis needs to be reduced into standard
definitions and assays.

Performing optimal assays

Why are these cells called CSCs? The
key phenotype of normal stem cells is the
capacity to self-renew and differentiate
to form the tissue of interest. In the case
of CSCs, this directly correlates with the
capacity to recapitulate the parental tumor,
including the original cellular heterogene-
ity found within, upon transplantation [s].
As such, the single most important assay
required for the demonstration of a CSC
population is tumor initiation 77 vive.
Just as embryonic and tissue-specific stem
cells are defined on the basis of a func-
tion (teratoma formation, multilineage
differentiation and organ reconstitution),
CSCs must be validated by functional
assays. The ability to grow GBM tissue as
free-floating spheres does not necessarily
mean the cells being studied are CSCs.
In fact, long-term culture of many cell
types induces selection, and over time the
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population characteristics may drift away from
the characteristics of the initially derived cells
(9. While it is now possible to culture patient-
derived tumor tissue, these cells should not be
continuously cultured and used as a replace-
ment for serum-cultured high-passage GBM
cell lines. Instead, limited 7% vitro culture and
amplification of these cells via xenograft presents
an opportunity to study CSCs and the develop-
ment of heterogeneity. Using these approaches,
in combination with rigorous 7z vive dilution-
limiting assays to demonstrate differential tumor
initiation capacity between CSCs and matched
non-CSCs, major advances are likely to emerge
directly informing the development of more
effective therapies.

14}, CD133 [3.4], EGFR [15] and L1CAM [1¢])
have now been demonstrated to enrich for cell
populations with accompanying functional dif-
ferences in tumor formation and self-renewal.
While these markers are useful for the enrich-
ment of CSCs for subsequent functional stud-
ies, they alone do not define CSCs. Marker
expression is informative to understand the
population being studied, but the functional
capacity for self-renewal in the form of in vivo
tumor initiation is what defines a CSC. There
is no doubt additional CSC markers will be
defined, but future efforts should be focused
on understanding how signaling processes initi-
ated at the cell surface impact CSC self-renewal
and survival.

Distinguishing tumor-initiating cells

from CSCs

The terms used to describe self-renewing tumor
cells are varied and include the following permu-
tations: stem-like tumor cell, tumor-initiating
cell, tumor-propagating cell and CSC. Among
these, tumor-initiating cell and CSC are most
frequently used, however, can they be used
to describe the same population? The term
tumor-initiating cell simply refers to the capac-
ity for a given cell population to initiate a tumor
upon transplantation. This does not necessar-
ily mean that a CSC population is present and,
in fact, while many high passage cell lines are
capable of forming tumors iz vive, their pat-
tern of growth does not resemble key features
observed in patients (including invasion). Along
with being efficient at tumor initiation, CSCs
also generate cellular diversity and the tumors
arising from CSCs exhibit cellular heterogeneity
and a high degree of invasion. For the term CSC
to be used, it must be accompanied by assays
that demonstrate both tumor initiation and the
generation of cellular heterogeneity.

Moving beyond markers

The ability to prospectively enrich for CSCs
using the expression of markers has enabled the
demonstration of differential tumor formation
between cell populations. However, no uni-
versal marker for CSCs in GBM has emerged,
and while this has been used as an argument
against the CSC hypothesis, one must consider
the inherent diversity within human GBMs and
the recent identification of multiple molecular
subclasses [10]. At least seven markers (A2B5

(11, CDI5 [12], CD44 [13], CD49f/integrin a6
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Plasticity & the stem cell state

The recent observation that CSCs contain a high
degree of plasticity has been another argument
against the CSC hypothesis. How can a CSC
truly be a stem cell if non-CSCs can become
CSCs? The fundamental flaw with this argu-
ment is that it is based on the stipulation that
lineage commitment is a one-way process. The
2013 Nobel Prize was awarded to investiga-
tors who demonstrated that cells can be repro-
grammed and in the case of induced pluripo-
tency, oncogenes were the key factor enabling
the reprogramming process. With this in mind,
it should come as no surprise that key tumor
microenvironmental factors, such as hypoxia [17],
acidic stress [18] and nutrient availability [19], have
the capacity to revert non-CSCs to functional
CSCs. This in itself brings into question whether
a stem cell is a fixed entity or a transition state.
The capacity for reversion would support the
hypothesis that CSCs represent an adaptive state
and that external stimuli have the ability to move
a cell from one state to another. This perspective
adds complexity to both CSC regulation and
cancer in general, however it provides a view-
point that takes into account key components
present within a tumor that have yet to be fully
recapitulated in many model systems.

Final thoughts

The association between development and
cancer has long been recognized and progress
regarding the understanding of stem cell regu-
lation has provided new insights into cancer.
The CSC hypothesis does not simplify cancer
but rather adds an additional layer of com-
plexity onto our ever-evolving understanding
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of this diverse class of diseases. Much of the
controversy around CSCs is not due to their
contribution to disease progression but rather
observations made using suboptimal assays and
the assignment of broad definitions. By utilizing
patient-derived CSCs and interrogating their
biology and therapeutic response in appropri-
ate models, it is very likely that the next gen-
eration of therapies for many advanced cancers
will emerge.
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