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Paradoxical roles for FOXA1 in anti-estrogen resistance and as a
luminal differentiation factor in breast cancer
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The authors of a recent paper published in Narure [Ross-
Innes et a/. (1)], examined the correlation between the
pattern of estrogen receptor-a (ERa) chromatin binding
in breast cancers that were resistant to endocrine therapy
compared with patients that had a good outcome. The
sample populations were derived from eight ER+/
progesterone receptor (PR)+/HER2- breast cancers that
were clinically confirmed as a good prognosis and seven
primary breast cancers from patients with a confirmed poor
outcome that were either ER+/PR-/HER2- or ER+/PR+/
HER2+.

Using the ChIP-seq technique, ER chromatin binding
was confirmed in all tumors demonstrating that ER binding
was not lost in the poor outcome samples. Importantly the
numbers of same core ER bound regulatory regions was
increased in metastases relative to both the poor and good
prognosis primary tumor groups and the genes adjacent
to the 484 core ER binding events were expressed in most
ER+ but not ER- breast cancers in nine different microarray
databases.

Clearly the differential activation of specific target
genes would be expected to play a role in clinical outcome.
To investigate this, the authors performed a differential
binding analysis and identified over 1,000 genomic regions
in poor outcome samples and about half that number in
the good outcome group that demonstrated significantly
more ER binding when compared to one another. The
forkhead box transcription factor, FOXA1, functions as
a “pioneer transcription factor” that opens chromatin to
permit transcription. FOXA1 can inhibit both epithelial
to mesenchymal transformation (EMT) associated with
metastasis and cell growth by regulating E-cadherin (2,3).
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Together with GATA3 and the ER, FOXA1 contributes to
the pattern of gene transcription that establishes luminal
cell differentiation (4-6). Expression of FOXA1 correlates
with ER positivity (3,7) it is also associated with good
prognosis tamoxifen-sensitive Luminal A subtype breast
cancers (8-10). Importantly, FOXA1 and has recently been
shown to maintain expression of luminal while repressing
basal cell transcripts (11). Ross-Innes er a/. report that
estrogen responsive regions clustering in the poor outcome
samples also contained FOXAI sequence motifs suggesting
that this class of regulatory region was favoured in tumors
that would demonstrate endocrine resistance. These tumors
also possessed a genetic signature consistent with luminal B
which is the more aggressive of the luminal subtypes. Based
on the genes associated with ER binding regions, the group
generated a gene expression predictor set for good and poor
outcome tumors and applied this to a larger cohort of ER+
tumors. Using metastasis-free survival as the endpoint the
gene sets predicted outcome with the strongest significance
in the poor outcome group.

Growth factor-mediated ligand-independent activation
of the ER is implicated in endocrine resistance. The group
treated MCF-7 cells with a mixture of peptide growth
factors and chromatin binding was again assessed by ChIP-
seq. In this analysis differential binding indicated that
more than half of ER binding events induced by growth
factors in these experiments involve regulatory elements
with a FOXAI motif. Lastly, the group found that nearly
all metastases retained ER expression and FOXAI. They
suggest that this dynamic change in ER binding results from
rapid “reprogramming” of ER binding mediated by FOXAL1
and conclude from these experiments that breast tumors
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therefore do not harbour a small selectable population
of endocrine-resistant cells. Nevertheless, iz vivo, such
reprogramming would require the acquisition of growth
factor signaling which could be either inherent or selected.

Overall, these elegant experiments clearly demonstrate
that although ERa target genes in resistant tumors overlap
with those in sensitive tumors there exists a separate subset
of genes that are differentially and constitutively activated
in resistant cells which are associated with FOXA1 DNA
elements. The finding that these ER binding events are
stimulated by growth factor signaling in vitro suggests
that these gene sets are likely to represent the ligand-
independent ER targets. The authors suggest that possible
explanations for this phenomenon include different
expression of cofactors, epigenetic alterations and possible
(posttranslational) changes in FOXA1 structure and
function. While these are all possibilities, based on the
evidence from the experiments with MCF-7 cells, first and
foremost a poor outcome ER+ tumor would be predicted
to possess an established growth factor signaling pathway(s)
resulting from amplification or mutation of endogenous
receptors or fed by autocrine or possibly paracrine growth
factor mechanisms. Downstream signaling from receptor
activation could then modify either FOXA1 or ERa or
both to favour interaction with the poor prognosis gene
set. Growth factor receptor activation and non-canonical
ER signaling can both activate AP-1 response elements
(which were also enriched in the resistant tumors). It has
long been established that antiestrogens can induce AP-1
elements through the ERp (12). However, evidence from
immunohistochemical analyses suggest that low levels of
ERPB expression are associated with tamoxifen resistance
(13). Since ERa and ERP can function as heterodimers, this
finding combined with those of the Carroll group could
indicate that ERa homodimers preferentially activate genes
associated with FOXA1 whereas ERa:ERp heterodimers
may tend to associate with GATA-type promoters.

Phosphorylation of the ER is modulated by growth
factor signaling. Interestingly, phosphorylation patterns
on the ERa including phospho-T311 have been also
shown to predict poor prognosis (14). On the basis of the
current findings, it would be intriguing to determine if
phospho-T311 or a cohort of poor prognosis phospho-ERa
proteins are differentially recruited to FOXAI/ERE motif
genes.

While some ER+ tumors that are well defined by PR and
ErbB2 status do not respond at all to tamoxifen, about 25%
of good prognosis tumors initially respond but then appear
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to acquire resistance. These tumors may be fundamentally
different from the de novo resistant poor prognosis group
and acquired resistance may indeed be the result of the
selection of a low frequency cancer stem cell or a minority
population within the heterogeneous tumor that has the
differential ability to increase autocrine growth factor
production or has an altered expression ratio of ERa to
ERB. So a good prognosis tumor would regress but then
be replaced by the emergence of a poor prognosis tumor
following endocrine treatment.

From the clinical standpoint, the findings in this
manuscript will likely not impact prognostication, however
in the long run, further analysis may provide novel targets
for therapies based on the identified subset of primary
response genes differentially expressed in poor prognosis
breast cancers. However, given the potential importance
of FOXALI in maintaining the less aggressive luminal
phenotype, targeting FOXA1 may not be the way to go.
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