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A new functional approach to identify and characterize normal mammary stem cells provides insights into the inner workings and molecular features of both these adult stem
cells and their cancerous relatives. These findings further support the cancer stem cell
hypothesis as well as the notion that a combination of traditional therapies with novel
approaches to specifically target cancer stem cells is needed if we are to win the battle
against breast cancer.

Controversy abounds regarding the frequency
and importance of tumor-initiating cancer
stem cells (CSCs) (1). CSCs are thought to
arise from aberrations in the signaling pathways that define the behavior of normal stem/
progenitor cells, which exist in rare quantities
in ordinary tissues. A detailed understanding
of the regulatory pathways at work in normal
stem cells may guide researchers to a better
understanding of what goes awry in CSCs. But
given the paucity of normal stem cells in adult
tissues, their isolation represents a major hurdle for their study. Recently, a new functional
approach was developed to label normal human mammary stem cells and facilitate their
isolation (2). Here I discuss this method and
its associated findings in the context of what
we know—and don’t know—about how normal mammary stem cells give rise to CSCs.
Adult stem cells are defined by their ability to both self-renew and to differentiate into
the various cell types that exist in the resident
tissue. In the case of the mammary gland, normal adult stem cells can differentiate into two
distinct cell types: luminal and myoepithelial.
A number of approaches have been used to
purify normal human breast stem/progenitor
cells making use of different combinations of
cell surface markers and relying on evidence
from in vitro and in vivo assays (3–7). What is
disconcerting is that populations of cells with
stem/progenitor properties have sometimes
been defined by the absence and presence of
the same cell surface antigen [for example,
CD49f+EpCAMhi (7) and CD49fhiEpCAM–
(5)]. Whether such contradictions result from
technical differences in breast tissue processing, antibody specificity, or conditions used
for fluorescence-activated cell sorting (FACS)
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and/or functional assays remains unclear.
On the other hand, breast cancer stem cells,
originally isolated by Clarke and colleagues
as CD44+CD24–/lowLin– cells, are capable of
generating tumors in NOD/SCID mice at a
higher efficiency than can cells without this
phenotype, thus supporting the hypothesis
that breast cancers can follow a cancer stem
cell model (8).
FUNCTIONAL FIND
Previous approaches have identified and purified breast stem cells by taking advantage of
properties believed to be specific to stem cells,
such the presence of surface markers that give
rise to a so-called side population (SP) in FACS
analysis (3, 9–11) or aldehyde dehydrogenase 1
(ALDH) activity (12, 13). Recently, researchers
reported a new functional approach to track
human mammary stem cells (2). Pece and collaborators used the lipophilic fluorescent dye
PKH26, which labels cell membranes so that
the intensity of the stain decreases linearly
with each cell division, and combined this
process with the widely used mammosphere
assay (14–20) to provide rigorous kinetic analysis of stem cell proliferation in suspension
cultures. A mammosphere assay allows one to
propagate human mammary epithelial cells in
an undifferentiated state on the basis of their
ability to proliferate in suspension as nonadherent structures (that is, mammospheres).
The number of mammospheres formed upon
serial passage of the cells at clonal densities
reflects the self-renewal capacity of mammary
stem cells, whereas the size of the mammosphere indicates progenitor cell proliferation
(14). During the growth of a mammosphere,
the rare quiescent or slowly dividing stem cells
present in the normal human mammary gland
retain PKH26 epifluorescence, while the bulk
cell population—derived from the prolifera-

tion of more differentiated progenitor cells—
progressively loses the dye by dilution. The
identification of normal mammary stem cells
as a PKH26-positive (PKHPOS) population allowed Pece et al. to monitor the propagation of
mammospheres for generations, to determine
their self-renewal ability and to show that only
PKHPOS cells can give rise to mammospheres.
The isolated PKHPOS cells were further used
to confirm that a mammosphere is formed by
clonal expansion of a single cell that divides
asymmetrically. In agreement with previous
studies, PKHPOS cells were found to be rare (0.2
to 0.4% of the total population) and to have
characteristics of quiescent cells. However, the
results by Pece et al. also highlight some of the
discrepancies in the mammary stem cell field.
For example, by immunostaining of PKHPOS
cells, Pece et al. found that normal stem cells
display an EpCAM+ phenotype, in agreement
with some studies (6, 7) but in contrast to others (4, 5). In addition, PKHPOS cells are CD24+,
in contrast with the CD24– human stem cell
phenotype described previously (5, 21).
Using in vitro two-dimensional (2D) differentiation and 3D Matrigel assays, Pece et al.
showed that PKHPOS, and not PKH-negative
(PKHNEG), cells are bipotent; this means
that the cells are able to generate colonies that
express both luminal and myoepithelial markers, and that they reconstitute a normal mammary epithelium in vivo when transplanted
into humanized epithelium-cleared fat pads of
immunocompromised NOD/SCID mice. In
addition, the researchers identified a human
normal mammary stem cell (hNMSC) signature by comparing the gene expression profiles
of PKHPOS and PKHNEG cells. Some of the normal mammary stem cell markers highlighted
in this signature were used together with EpCAM to localize rare stem cells in close proximity to the basal/myoepithelial layer of ducts
and at the duct-branch point in human mammary tissue, a finding that was in agreement
with previous reports (7, 22). On the basis of
these results, the authors concluded that the
PKH-based stem cell signature can be used in
the identification and prospective isolation of
human normal mammary stem cells.
MAMMARY STEM CELL SIGNATURE
During the past decade, gene expression microarray data have driven important developments in our understanding of breast cancer
at the molecular level. Molecular profiling has
confirmed that breast cancer is a heterogeneous disease and has, to some extent, identified the existence of different breast cancer
subtypes whose signatures correlate with

www.ScienceTranslationalMedicine.org

12 May 2010 Vol 2 Issue 31 31ps22

1

CREDIT: C. BICKEL/SCIENCE TRANSLATIONAL MEDICINE

PERSPECTIVE
clinical outcome (23, 24). Furthermore, the
molecular subtypes of breast cancer are not
only distinct with regard to primary tumor
features, tumor aggressiveness, and response
to certain types of therapy, but they are also
clearly different in their ability to metastasize
to distant organs (25).
Exploring the relationship between normal
and cancer stem cells, Pece and collaborators
used the hNMSC signature they identified to
separate basal-type tumors from other types
of breast cancer (ErbB2-type or luminal-A or
-B) (24). Indeed, it had previously been shown
that the gene expression profiles of normal
and tumor stem cells are more similar to each
other than to those of the differentiated cells
from the same tissue (21). Poorly differentiated breast tumors contain a higher proportion
of cells with the mammary stem cell signature
and are enriched in mammosphere-initiating
cells as compared to well-differentiated tumors. Upon xenotransplantation, cells sorted
for this signature form tumors in mice more
efficiently than the unsorted cells, which implies that this cell population contains cancer
mammary stem cells. These observations definitively link results obtained using mammosphere assays and tumor transplantation experiments, thereby confirming the relevance
of the mammosphere assay; and they also
provide strong support for the cancer stem
cell hypothesis. Moreover, these findings suggest that poorly differentiated breast tumors
display a higher CSC content than do welldifferentiated tumors, as had previously been
speculated (Fig. 1) (21, 26). Indeed, Weinberg
and collaborators previously identified an embryonic stem cell–like gene expression signature that is associated with aggressive breast
tumors and poor clinical outcome (27). These
findings support the notion that the size of the
CSC population is associated with the aggressiveness of the breast tumor. The increase in
the apparent size of the CSC population during tumor initiation and progression might
result from an epithelial-mesenchymal transition (20) and/or to increased symmetric division of CSCs, as suggested by Pece et al., leading to expansion of the stem cell pool.
Perhaps not surprisingly, if one takes into
account the different phenotypic assays used
to isolate normal mammary stem cells, there
is only limited overlap between the hNMSC
signature identified by Pece et al. and previously reported mammary stem cell signatures.
This could be the result of using different cell
subpopulations and, in addition, differences in
cell processing. For example, Raouf et al. (6)
cultured normal human mammary cells for 3

days on irradiated mouse 3T3 fibroblasts and
in the presence of serum prior to FACS isolation of normal mammary stem cells, whereas
Pece et al. allowed their mammary cells to
adhere for 24 hours, using a different serumfree medium (without feeder cells), followed
by mammosphere formation for 7 to 10 days
in suspension culture before FACS. The transcriptome of “normal” cells is likely influenced
by such disparate culture conditions, and it
would be preferable to avoid culturing primary
mammary epithelial cells prior to gene expression analysis. Indeed, the diverse growth conditions used for two different normal mammary epithelial cell populations led to distinct
tumor cell phenotypes upon transformation
of the two cell populations with the same set
of genetic elements (28), emphasizing the relevance of primary cell culture conditions.
The hNMSC signature identified by Pece
and colleagues highlights some commonly
regulated signaling pathways, such as Wnt/βcatenin and Notch, both of which are relevant
in normal mammary physiology and also often subverted in cancer (6, 29, 30). Despite
the technical discrepancies, the diverse gene
expression profiles associated with stem cell
identity can stratify tumors in terms of patient
survival and/or breast tumor type, according

Normal and cancer
mammary stem cells

to biological and/or molecular features (5, 21,
27, 31). The existing overlap among the signatures, whatever its extent, seems to be sufficient to identify common pathways and to
note some correlations. However, while these
discoveries allow us a glimpse of the molecular profiles that contribute to stem cell function and of the possible steps in the complex
hierarchy of mammary cell differentiation,
they also confirm the heterogeneity of breast
cancer and highlight the urgent need to validate the functional relevance of these genes
and their potential as targets for therapy.
Recent insightful reviews have highlighted concerns about the real potential of CSCs
to contribute to disease in patients, because
their definition is based on their ability to produce tumors in immunocompromised mice.
These assays may overlook the importance of
the native tumor environment (hormones,
hypoxia, stromal factors, etc.) and the genetic
and epigenetic instability of cancer cells that
may allow them to acquire tumor-initiating
characteristics during disease progression
(1, 32). Interestingly, a CSC gene signature
(31) associated with reduced distant metastasis– free survival and overall survival was
even more powerful when combined with
the wound-response signature derived from
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Fig. 1. Normal versus cancer stem cells. When a mammary CSC undergoes self-renewal, it may
favor symmetric cell division, resulting in an increased number of CSCs, particularly in poorly differentiated, highly aggressive tumors.
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transcriptional profiling of serum-stimulated
fibroblasts, which also correlates by itself
with clinical outcomes in breast cancer (33).
Therefore, successful approaches to therapy
must take into account the changing nature
of tumorigenic cells and aim to target all cells
with the potential to contribute to the disease. Incorporating CSCs into our view of
breast tumorigenesis highlights the potential
benefits of drug combinations that target the
proliferating tumor cells as well as the CSCs
in order to achieve full remission.
A consensus on what markers can best
define normal human mammary stem cells
is unlikely at this point, and in the case of
mammary CSCs, we are only beginning to
elucidate what markers can be used to identify
tumor-initiating cells in different breast cancer
subtypes (34). Functional assays can improve
our knowledge of mammary stem cell properties. However, the various functional assays at
our disposal to date detect both normal and
cancer stem cells in the mammary gland and
other tissues. Therefore, potential future applications to clinical practice rest on our being
able to distinguish between normal and cancer stem cells and will require a combination
of approaches that target CSCs while sparing
normal stem cells. Finally, our ability to effectively treat breast cancer patients also will require the elucidation of mechanisms that control stem cell self-renewal and differentiation
in response to their microenvironment and
that are subverted during tumorigenesis.
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