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Migratory gene expression signature predicts poor
patient outcome: Are cancer stem cells to blame?
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Abstract

Breast cancer metastasis accounts for the majority

of deaths from this disease. In the previous issue of
Breast Cancer Research, Patsialou and colleagues used a
novel in vivo invasion assay to capture migrating breast
cancer cells and demonstrate that the gene expression
signature of these cells predicts breast cancer
metastasis in a large cohort of patients. Furthermore,
specific genes identified play a functional role in the
invasion of MDA-MB-231 breast cancer cells and in
patient-derived breast tumors. These genes regulate
pathways known to be induced in invasion and
metastases and play an important role in the regulation
of cancer stem cells.

The majority of cancer deaths result from systemic
metastases, the development of which requires the co-
ordinate regulation of complex genetic programs.
Patsialou and colleagues [1] recently reported that the
expression of genes related to these programs predicted
the development of metastases in patients with breast
cancer. Tumor metastasis is dependent upon, and
orchestrated by, the genetic and epigenetic state of cancer
cells and the interaction of these cells with the tumor and
host microenvironments [2]. To elucidate the regulatory
pathways involved in tumor invasion and metastasis,
Patsialou and colleagues [3] previously developed an in
vivo model in which microneedles containing a chemo-
attractant such as epidermal growth factor were placed in
tumors in live tumor-bearing mice. In the previous issue
of Breast Cancer Research, the same group used this
system to isolate migratory cell populations in highly
metastatic MDA-MB-231 breast cancer xenografts [1].
They used gene expression analysis of these migrated
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cells to define a ‘human invasion signature’ (HIS).
Interestingly, they demonstrated that HIS was predictive
of risk of breast cancer metastasis in large cohorts of
patients. This association was seen across all molecular
subtypes of breast cancer and was independent of known
prognostic factors. In addition to the clinical correlates of
HIS, this signature identifies genes known to be involved
in key processes of metastasis, including embryonic
tissue development, cellular movement, and DNA
replication and repair.

There is now substantial evidence that breast cancers
are hierarchically organized and driven by a fraction of
cells that display stem cell properties. These breast cancer
stem cells (BCSCs), by virtue of their relative resistance
to chemotherapy and radiation therapy, may contribute
to treatment resistance [4]. Furthermore, a number of
groups, including our own [5], have demonstrated that
BCSCs mediate invasion and metastasis both in vitro and
in mouse models. Other studies have demonstrated a
correlation between expression of BCSC markers such as
CD44+/CD24~ or aldehyde dehydrogenase or gene
expression profiles of enriched BCSCs with the develop-
ment of metastasis and poor clinical outcome in patients
with breast cancer [6]. Although these studies suggest an
important relationship between CSCs and the metastatic
phenotype, the gene programs in BCSCs responsible for
mediating these behaviors are poorly defined.

To identify genes important in the invasive process,
Patsialou and colleagues examined the functional role of
a number of genes identified in the HIS. They used both
small interfering RNAs (siRNAs) and inhibitory anti-
bodies to demonstrate a role for specific HIS genes in the
tumor invasive phenotype. Using these techniques, they
demonstrated a role for transforming growth factor-beta
(TGEB), interleukin-8 (IL-8), PTPN11, and NP1 in
mediating invasion of MDA-MB-231 cells. Interestingly,
all of these genes have been reported to be important
regulators of CSCs. TGEp has been shown to regulate the
self-renewal of CSCs in several tumor types, and, most
recently, this cytokine was shown to specifically regulate
BCSCs in claudin breast cancers [7], the subtype that is
represented by MDA-MB-231 cells. Our group reported
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that the cytokine IL-8 mediates BCSC self-renewal and
that the IL-8 receptor CXCRI is preferentially expressed
in BCSCs [5]. Inhibition of this receptor reduces the
BCSC population in mouse xenografts, inhibiting tumor
growth and metastasis [8]. PTPN11 encodes the tyrosine
phosphatase SHP2, which was recently shown to promote
breast cancer progression through expansion of the
BCSC population [9]. This occurs via activation of the
zinc finger E-box-binding homeodomain ZEB1 protein,
which in turn represses Let 7 microRNA, an important
BCSC regulator [10]. Finally, NPM1 (nucleophosmin)
was reported to upregulate the gene profile involved in
hematopoietic stem cell regulation [11].

What is the relationship of genes included in HIS and
the CSC phenotype? Interestingly, Patsialou and colleagues
[1] reported a significant correlation of HIS with gene
signatures associated with epithelial-mesenchymal
transition (EMT). EMT has been implicated in tissue
invasion and metastasis, and, more recently, similarities
between EMT and CSCs were described [12]. However,
Patsialou and colleagues found a negative correlation
between HIS and previously published tumor-initiating
cell (TIC) signatures. Genes that were upregulated in
TIC were downregulated in HIS, while genes down-
regulated in TIC were enriched in HIS [1]. This apparent
discrepancy may be explained by the existence of
alternative CSC states [13]. We have previously proposed
that CSCs may exist in either an EMT mesenchymal-like
state characterized by tissue invasion and motility or an
MET epithelial-like state associated with self-renewal.
EMT-like CSCs are preferentially located at the tumor
invasive front, where they invade blood vessels and travel
to distant metastatic sites forming micrometastases. This
model is consistent with reports that circulating tumor
cells and micrometastases are enriched for the EMT
BCSC markers CD44+/CD24~ but that these cells are
largely quiescent as evidenced by a lack of Ki 67
expression [14]. The tumor microenvironment at meta-
static sites may induce a transition of these EMT CSCs to
a more epithelial mesenchymal-epithelial transition
(MET) state characterized by aldehyde dehydrogenase
expression, in which they self-renew and differentiate,
generating the bulk tumor populations that constitute
clinically relevant metastases. This model predicts that
gene expression profiles of EMT and MET CSCs may be
highly divergent and in fact negatively correlated with
regard to genes involved in EMT/MET state transitions.
This model provides a potential explanation for the
negative correlations of HIS and TIC gene signatures
reported by Patsialou and colleagues [1].

The studies by Patsialou and colleagues represent an
important advance in understanding elements of the
metastatic cascade. However, these studies have several
limitations. Since they rely primarily on a single claudin
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low cell line model, it is unclear how widely the HIS
applies to other molecular subtypes of breast cancer.
Although the HIS was an independent prognostic
predictor across the different molecular subtypes of
breast cancer, it remains unclear whether similar
metastatic programs are involved in mediating metastasis
in these other subtypes. Different breast cancer subtypes
have different tropisms for sites of metastasis (for
example, estrogen receptor-positive tumors frequently
metastasize to bone, HER2-positive breast cancer to
brain and TN breast cancer to liver and lung). Further-
more, recurrence occurs with markedly different
latencies for these subtypes, so, clearly, additional studies
are needed to understand the mechanisms which account
for these critical differences. Furthermore, additional
studies will be required to delineate the relationship
between HIS and CSC regulatory genes. These studies
have important implications for understanding the
molecular basis of tumor invasion and metastasis and
have significant clinical implications. Targets identified in
these and similar studies may provide new opportunities
to develop therapies for metastatic breast cancer.
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