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Abstract

Breast cancer is a heterogeneous disease comprised of multiple subtypes. Luminal subtype tumors
confer a more favorable patient prognosis, which is in part, attributed to estrogen receptor-a (ER)
positivity and anti-hormone responsiveness. Expression of the forkhead box transcription factor,

FOXAL, similarly correlates with the luminal subtype and patient survival, but is also present in a
subset of ER-negative tumors. FOXAL is also consistently expressed in luminal breast cancer cell
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lines even in the absence of ER. In contrast, breast cancer cell lines representing the basal subtype
do not express FOXAL. To delineate an ER-independent role for FOXAL in maintaining the
luminal phenotype, and hence a more favorable prognosis, we performed cDNA microarray
analyses on FOXA1-positive, ER-positive (MCF7, T47D) or FOXAL-positive, ER-negative
(MDA-MB-453, SKBR3) luminal cell lines in the presence or absence of transient FOXA1
silencing. This resulted in three FOXAL transcriptomes: (1) a luminal-signature (consistent across
cell lines), (2) an ER-positive signature (restricted to MCF7 and T47D) and (3) an ER-negative
signature (restricted to MDA-MB-453 and SKBR3). Gene Set Enrichment Analyses (GSEA)
revealed FOXAZ1 silencing causes a partial transcriptome shift from luminal to basal gene
expression signatures. FOXAL binds to a subset of both luminal and basal genes within luminal
breast cancer cells, and loss of FOXAL increases enhancer RNA (eRNA) transcription for a
representative basal gene (CD58). These data suggest FOXA1 directly represses basal signature
genes. Functionally, FOXA1 silencing increases migration and invasion of luminal cancer cells,
both characteristics of basal subtype cells. We conclude FOXAL1 controls plasticity between basal
and luminal breast cancer cells, not only by inducing luminal genes, but also by repressing the
basal phenotype, and thus aggressiveness. Although it has been proposed that FOXA1-targeting
agents may be useful for treating luminal tumors, these data suggest that this approach may
promote transitions toward more aggressive cancers.

Keywords
FOXAI; luminal; basal; breast cancer

INTRODUCTION

Breast cancer is a heterogeneous disease, including at least five molecular subtypes: luminal
A, luminal B, HER2, basal-like and normal-like. These subtypes were identified through
unsupervised hierarchical clustering of human tumor gene expression data and are predictive
of prognosis (1, 2). Specifically, luminal A tumors are estrogen receptor-a (ER) positive
conferring a more favorable prognosis that is partially due to the efficacy of anti-hormone
therapies (3). Conversely, patients with basal tumors have a poorer prognosis due to intrinsic
chemotherapeutic resistance and lack of targeted therapies (4). While basal tumors were
originally postulated to arise from the basal lineage, more recent evidence suggests that they
are more similar to the normal luminal progenitor population (5, 6). Thus, either basal
tumors initiate within luminal progenitors, or a tumorigenic population of luminal
progenitors de-differentiates to acquire a basal-like phenotype. De-differentiation suggests
that there may be significant phenotypic plasticity between basal, luminal progenitor and
mature luminal cell populations in normal glands and tumors. Expression signatures
similarly delineate breast cancer cell lines into luminal and basal subtypes, and classifier
gene lists have been generated that can be used for examining the extent of plasticity
between subtypes (7, 8).

Like ESR1, the gene encoding ER, FOXA1 is specifically expressed in luminal subtype
tumors (1). Tissue microarray studies revealed FOXAL protein levels associate with breast
cancer patient survival and ER expression (9-14). Furthermore, FOXA1 correlates with the
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luminal subtype as defined by ER and/or PR positivity, HER2 negativity, or luminal-specific
markers (e.g. E-cadherin, cytokeratin 18). FOXA1 and ER co-expression in human tumors
has been functionally evaluated using in vitro analyses (reviewed in 15), which has revealed
the genetic regions bound by ER are enriched for forkhead consensus motifs. In addition,
FOXAL is necessary for estrogen-induced ER binding to target genes and subsequent
transcriptional regulation (16, 17). FOXAL functions as a chromatin-remodeling factor (18-
20), thus it is proposed that FOXA1 primes chromatin for subsequent ER binding. In this
context, FOXA1 modulates both estrogen-induced ER transcriptional activation and
repression (21, 22). In addition to being necessary for ER activity, FOXAL also regulates ER
expression in breast cancer cells, and Foxal null mammary glands fail to express epithelial
ER. These glands do not invade the mammary fat pad in response to pubertal hormones (23),
a phenotype reminiscent of the ER knockout mice (24-26). Furthermore, FOXA1 and ER
share an overlapping expression pattern throughout normal mammary morphogenesis (23).

While the positive correlation of FOXAL and ER in breast tumors is well documented,
several groups have described tumors expressing FOXAL in the absence of ER (9-14).
These data are recapitulated in the mammary gland where a sub-population of mature
luminal epithelial cells expresses FOXAL in the absence of ER (23). Moreover, FOXA1 is
also expressed in an ER-positive-like, androgen-responsive breast cancer subgroup lacking
ER and Progesterone Receptor (PR) (27), and FOXAL is required for androgen receptor
(AR) binding to its target genes promoting an apocrine signature (28). FOXAL is also
implicated in other pathways including HER2/ERBB2 (29, 30) and BRCAL (ref. 31).
Combined, these data suggest that in addition to its well-known role as a modulator of
estrogen regulated transcription, FOXA1 may also maintain the breast cancer luminal
phenotype through ER-independent mechanisms.

Herein, we confirm FOXA1 expression in a subset of ER-negative breast tumors, and in all
breast cancer cell lines classified as luminal, even those lacking ER. Utilizing transient
FOXAL silencing in ER-positive and ER-negative luminal breast cancer cells, we define
three FOXAL transcriptional signatures: ER-positive, ER-negative and luminal. Within the
luminal signature, FOXAL is not only necessary for maintaining luminal-specific gene
expression, but also for repressing several of the genes specific to basal breast cancer cells.
FOXAL binds to a percentage of the luminal and basal classifier genes and the loss of
FOXAL induces enhancer RNA (eRNA) transcription of a representative basal gene
indicating that FOXAL actively represses at least a subset of basal signature genes.
Functionally, FOXAL silencing increases in vitro aggressiveness of luminal cells. Thus, for
the first time, we reveal an ER-independent, luminal-specific function for FOXAL in
maintaining the highly differentiated characteristics of luminal breast cancer cells through
transcriptional regulation of both luminal and basal genes.

FOXAL1 correlates with the luminal subtype of breast cancer

Although previous tissue microarray analyses revealed a significant correlation between
FOXAL and ER, several groups also reported FOXAL in a subset of ER-negative tumors (9-
14). To confirm these results in an independent cohort, we investigated FOXAL in breast
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cancer specimens using immunohistochemistry (IHC). While FOXAL is expressed in 100%
of ER-positive tumors, it is also expressed in ~50% of ER-negative tumors, albeit at
significantly decreased levels (Figure 1A, B). We further determined if FOXAL correlates
with the mammary epithelial phenotype using breast cancer cell lines previously classified
as luminal, basal A or basal B (7). Of note, basal A cells are more characteristic of human
basal-like breast cancers, while basal B cells are mesenchymal and display stem cell features
(7, 8). Similar to breast tumors, FOXAL1 is expressed in all luminal cell lines examined. In
contrast, cells molecularly defined as luminal can lack ER [MDA-MB-453 (hereafter
referred to as MB-453) and SKBR3] (Figure 1C, D). These results suggest that FOXA1
more precisely correlates with the luminal subtype than ER, and may be independently
required for maintaining this phenotype.

The expression pattern we identified for FOXAL and ER protein in these cells mirrors
publicly available expression data for a larger group of breast cancer cell lines
(Supplementary Figure 1) (7). These data include additional lines (AU565, HCC202,
HCC2185, SUM185PE) that are luminal, but have very low ESR1 similar to SKBR3 and
MB-453 cells that lack detectable ER protein (Figure 1D). In contrast, no luminal lines
examined lack FOXAL, further suggesting FOXAL may be a critical driver of the luminal
phenotype. Several of the lines that express FOXA1 without ESR1 over-express HER2/
ERBB2 (MB-453, SKBR3, HCC202 and AU565) (7), a proto-oncogene amplified in ~25—
30% of breast cancers. However, other FOXA1 expressing, ESR1 negative luminal cells
(HCC2185, SUM185PE and 600MPE) do not (7), indicating that FOXAL in ER deficient
cells is not dependent on constitutively active HER2. The precise characteristics of cells co-
expressing FOXAL and HER2 may diverge to some extent from cells failing to over-express
HER2, but all express luminal signature genes including FOXAL.

Generation of the FOXAl-dependent luminal transcriptome

Studies examining FOXA1 in luminal breast cancer have been primarily restricted to
analyzing its participation in ER expression and activity. To identify the ER-independent
function(s) of FOXAL we utilized genome-wide expression analysis. We silenced FOXA1
in ER-positive (MCF7, T47D) and ER-negative (MB-453, SKBR3) luminal cells, and
confirmed decreased FOXAL protein levels (Figure 2A). Gene expression was quantified by
microarray analysis 36 or 72 hours post-transfection (schematic in Figure 2B). Expression
changes for each cell line were then compared to generate three distinct FOXA1
transcriptomes (Figure 2C): changes (1) specific to ER-positive MCF7 and T47D cells, (2)
specific to ER-negative MB-453 and SKBR3 cells, and (3) observed in all four luminal
lines, which are autonomous to ER expression (i.e. the “luminal signature™). Gene lists for
each transcriptome, decreased and increased upon knockdown, are provided in
Supplementary Tables 1-6.

Loss of FOXA1 induces a partial phenotypic shift from luminal to basal transcriptomes

Genes that discriminate luminal versus basal breast cancers (1, 2) and breast cancer cell lines
(7, 8) have been reported. Our analysis of FOXA1-associated transcriptomes reveals that
loss of FOXAL in ER-positive (MCF7, T47D) and ER-negative (MB-453, SKBR3) luminal
cells significantly induces a number of previously defined basal A and basal B breast cancer
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cell line classifier genes, while concomitantly reducing a number of luminal classifier genes
(Table 1). Notably, none of the basal A classifying genes are significantly decreased, and
only one luminal gene is increased consistently in all four cell lines (data not shown).
Ordered heat maps depicting expression changes of classifiers for luminal and basal cells are
shown in Figure 3, Supplementary Figure 2 and Supplementary Figure 3.

Silencing FOXAL decreases expression of several luminal, and increases multiple basal
genes in all four luminal cell lines. Using a large subset of the classifier genes defined by
Neve et al. (RN) (7) that discriminates basal A, basal B, and luminal subtypes
(Supplementary Table 7), Gene Set Enrichment Analysis (GSEA) revealed a significant shift
from the luminal to the basal A signature. As shown in Table 2, loss of FOXA1 decreases
enrichment of luminal gene expression, while concomitantly increasing enrichment of basal
A gene expression [False Discovery Rate (FDR) g < 0.05]. In contrast, there is no
enrichment of basal B genes. A combined gene set of basal A and B genes is also
significantly enriched (FDR g < 0.05), indicating the core enrichment power of basal A
genes. These data confirmed our observation that loss of FOXAL increases basal A more so
than basal B signature genes (Table 1). We further confirmed these findings by performing
GSEA on a subset of the classifying genes defined by Charafe-Jauffret et al. (ECJ) (8)
(Supplementary Table 8). This classifier discriminates luminal [luminal (B)] and basal
subtypes, without subdivision into basal A or B. It also delineates luminal [luminal (M)] and
mesenchymal subtypes. The mesenchymal gene set is descriptive of a phenotype similar to
the Neve et al. (7) basal B cells (32). Loss of FOXAL decreases enrichment of luminal (B)
genes, and increases enrichment of basal genes (FDR g < 0.05). No change in enrichment of
luminal (M) or mesenchymal gene sets is observed (Table 2). Enrichment plots are shown in
Figure 3 and Supplementary Figure 4.

To confirm expression microarray data, changes in a subset of the significantly altered
luminal and basal genes from either the Neve et al. (7) or Charafe-Jaufrett et al. (8)
classifiers were quantified using real-time RT-PCR. The increase in basal gene expression
upon FOXAL silencing was confirmed in each luminal cell line (Figure 4). Similar results
were obtained in MCF7 cells using an independent siRNA targeting FOXAL (siAl#1)
(Supplementary Figure 5). Of note, expression of luminal genes is decreased to a greater
extent in ER-positive cell lines (MCF7, T47D), likely because these genes are also
responsive to estradiol (33, 34). The increase in basal gene expression was also confirmed at
the protein level, where Annexin 1 is increased in each cell line with FOXA1 silencing
(Figure 4; Supplementary Figure 5).

FOXAL transcriptionally regulates luminal and basal genes in luminal breast cancer cells

To determine if FOXAL may bind and directly repress basal gene expression independent of
ER function, we examined publically available ChlP-chip and ChIP-seq datasets of FOXAL
chromosomal binding locations in MCF7 and MB-453 cells, respectively (21, 35). Each
basal A gene that was commonly induced with FOXA1 silencing and luminal gene that was
commonly repressed with FOXAL1 silencing (Table 1) was investigated in silico for potential
FOXAL binding sites upstream (50kb), intragenically, or downstream (50kb). These
analyses revealed FOXAL binds either within, or adjacent to 67% of these basal A genes and
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100% of these luminal genes in MCF7 and/or MB-453 cells with several binding sites being
shared between the two cell lines (Table 3). For genes not bound within the MCF7 dataset,
we also interrogated the proximal promoter (—1000bp) for FOXA1 consensus binding
elements using the Transcription Element Search System (TESS) (36). To directly assess
whether FOXA1 binds to these predictive regions, gene-specific ChlP was performed in ER-
positive (MCF7) and ER-negative (MB-453) luminal breast cancer cells (Figure 5A-C). We
also analyzed binding to three representative luminal genes (ERBB3, SPDEF, XBP1).
FOXAL binds to each basal gene tested in MCF7 cells, including a site near LYN that was
only reported in the MB-453 ChiIP-seq dataset. FOXAL binding in MB-453 cells was
comparable to MCF7 cells for sites that were commonly identified in both ChIP-chip and
ChlP-seq datasets. However, FOXAL failed to bind to a number of the sites reported
exclusively in MCF7 cells when examined in MB-453 cells. This is exemplified with CD58
where FOXAL is bound in MB-453 cells to a commonly identified site, but does not bind to
a site identified exclusively in MCF7 cells. The ANXAL proximal promoter has two
predicted FOXAL consensus motifs. FOXA1 binds to one of these in MCF7 cells, while
binding is minimal to either sequence in MB-453 cells.

The ability of FOXAL to bind to several of the luminal and basal A genes independently of
ER co-expression, suggested that FOXA1 may directly repress basal signature genes as well
as maintain luminal gene expression. Since FOXA1 binding to gene enhancer regions
correlates with DNA hypomethylation (37), we postulated that loss of FOXAL could alter
methylation of basal gene promoters and increase their activity. To test this, methylated
DNA was immunoprecipitated following FOXAL silencing and analyzed on a methylation-
specific promoter microarray (Agilent Human CpG Island Array). Duplicate experiments
were performed in ER-positive (MCF7) and ER-negative (SKBR3) cells, and cells were
harvested 72 hours post-transfection. FOXA1 knockdown did not affect genome wide
promoter methylation, or the methylation status of the basal gene promoters binding FOXAL
in Figure 5 (data not shown). These data indicate that FOXAZ1 does not repress basal gene
expression by altering proximal promoter methylation status. However, unlike conventional
transcription factors, FOXAL predominantly binds to enhancer regions distal to
transcriptional start sites (21, 38). To determine if FOXAL can directly repress basal gene
expression distally, we examined enhancer RNA (eRNA) synthesis, a highly specific marker
of enhancer activation, from a FOXA1 binding site in a representative basal A gene (39, 40).
We investigated a region bound by FOXAL1 downstream of CD58 (common binding site
observed in Figure 5A-C; schematic shown in Supplemental Figure 6). Since loss of
FOXAL significantly induces CD58 expression (Figure 4), we hypothesized that upon
silencing there should be a concomitant upregulation of eRNA(S) at this site. Indeed, loss of
FOXAL induces eRNA synthesis bidirectionally in MCF7 cells and unidirectionally in
MB-453 cells (Figure 5D). Importantly, the extent of eRNA synthesis is correlated with
changes in CD58 expression, but not expression of the adjacent gene (Clorf203) in any of
the cell lines we tested (data not shown). Hence, the FOXA1 binding site appears to have a
direct and specific effect on CD58 expression. Combined, these data indicate that FOXA1
actively maintains at least a subset of basal genes in a transcriptionally repressed state in
luminal breast cancer cell lines.
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FOXAL represses breast cancer cell aggressiveness

The ability of FOXAL to repress a subset of basal genes suggested that its loss in luminal
cells may lead to acquisition of the more aggressive phenotypes associated with basal breast
cancer cells. To test this, both ER-positive (MCF7) and ER-negative (MB-453) luminal
breast cancer cells were transiently transfected with FOXA1-targeted siRNAs and assessed
for changes in migration and invasion, two hallmarks of highly aggressive breast cancer
cells. Both MCF7 and MB-453 cells exhibit increased migration following FOXA1
silencing compared to the non-targeting control (Figure 6A). Cellular invasion was also
increased in MCF7 cells (Figure 6B). These results were not secondary to an increase in cell
number (Figure 6C). In fact, FOXAL silencing significantly decreased MCF7 cell number,
which is consistent with previous reports (17, 30, 38). Overall, these results suggest that
FOXAL repression of basal gene expression decreases in vitro cellular aggressiveness, and
does so independently of ER.

DISCUSSION

FOXA1 represses basal breast cancer genes

FOXAL is necessary for estrogen-induced ER binding and subsequent transcriptional
activation of luminal genes in breast cancer cells (16, 17, 21, 22, 38). This property of
FOXAL was identified in ER-positive cell lines in the presence or absence of estrogens. The
co-modulatory role between FOXAL and ER has also been reported for estrogen-mediated
transcriptional repression, specifically in the repression of the RPRM gene (41). In this
context, FOXA1 and ER form a tripartite complex with Histone Deacetylase 7 (HDAC?7),
and silence RPRM independently of HDAC activity. Interestingly, FOXA1 does not bind to
the RPRM promoter when ER is silenced, but does bind to HDAC7 in an estrogen-
independent fashion. FOXAL1/ER/HDACT are likely required for the estrogen-induced
repression of additional target genes, but it is unknown whether FOXA1/HDACT represses
gene transcription in cells lacking ER.

Herein, we report that FOXAL represses a subset of basal breast cancer cell line classifier
genes in ER-positive and ER-negative luminal breast cancer cells. Since FOXAL is not
known to have intrinsic repressor activity, it likely recruits co-repressors to these
chromosomal locations. HDACY is a possible candidate given its role as just described.
Since our data indicate that FOXA1 represses basal gene expression in an ER-independent
fashion, FOXAL and HDAC7 may similarly inhibit gene expression in the absence of ER. It
is also possible that FOXA1 represses basal genes in complex with HDAC7 only in ER-
positive cells, and interacts with different co-repressors in ER-negative cells. Interestingly,
loss of BRCAL in T47D cells induces gene expression associated with the basal subtype,
where a BRCA1/c-MYC complex mediates repression by directly binding to respective
promoters (42). FOXAL synergizes with BRCAL1 to regulate the p27K!P1 promoter (31);
thus, it is tempting to speculate that FOXAL and BRCAL may cooperate to repress basal
gene expression.

Although loss of FOXAL induces a subset of basal genes, not all basal genes are increased
upon FOXAL silencing. Similarly, not all luminal signature genes are decreased. The
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simplest explanation for these results is that FOXAL expression was transiently suppressed.
The basal genes that are not directly regulated by FOXAL, or those that encode mRNAs
with long half-lives may not change by 72 hours after silencing. FOXA1 knockdown was
also not 100% effective, possibly resulting in an incomplete phenotypic change. Other than
technical limitations, it is also possible that additional factors control the other basal genes.
It is also likely that a group of transcriptional activators are necessary to express the full
complement of basal genes, and simply reducing FOXAL1 is not sufficient to activate all
basal genes. Even if transient FOXAL silencing induces expression of these activators, the
experimental time course may have been insufficient to detect alterations in target gene
expression. Stable knockdown of FOXA1 will be necessary to ultimately determine if
FOXAL can repress the entire basal gene set, and hence, cause a complete phenotypic
conversion. However, our preliminary studies suggest that stable suppression of FOXA1
causes cell cycle arrest, limiting the ability to evaluate the consequences of extended
FOXAL silencing in these cells. Lastly, loss of FOXA1 can induce redistribution of genome-
wide nuclear receptor binding (40, 43). Thus, while our data suggests that FOXAL plays an
active role in the repression of basal genes, FOXAL silencing may de-repress these genes
indirectly through several mechanisms including loss of a transcriptional repressor.

FOXA1 maintains a less aggressive phenotype in breast cancer cells

Transient knockdown of FOXAL in luminal breast cancer cells induces a molecular
signature with a more basal pattern. Breast cancer phenotypes are proposed to reflect the
lineage progression of normal mammary epithelial cells, with basal tumors arising from
luminal progenitors and luminal tumors arising from mature luminal epithelium (5, 6). The
degree of plasticity between these states is not yet known. However, our studies suggest that
they may be highly dynamic wherein more differentiated breast cancer cells can acquire
phenotypic characteristics of less differentiated, or basal cells and that cellular state is
controlled by FOXAL. It will be important to determine whether FOXAL functions similarly
during developmental specification of the mammary epithelium. If so, this would indicate
that a major function of FOXAL1 in breast development and cancer is lineage commitment.
Another luminal subtype-specific transcription factor, GATAS3, has been proposed to play a
similar role as FOXAL. It is also necessary for normal mammary morphogenesis (44, 45)
and its forced expression in tumors induces differentiation and prevents disease
dissemination (46). However, the impact of GATA3 on the expression of basal signature
genes has not yet been reported.

Paralleling the molecular transition towards a basal phenotype, transient FOXA1 silencing
similarly increases in vitro aggressiveness of luminal breast cancer cells. Importantly,
changes in migration and invasion are not secondary to increased proliferation. Indeed, loss
of FOXAL1 in MCF7 cells significantly decreased cell number. These data are consistent
with previous reports that FOXAL silencing blocks estrogen-mediated cell cycle progression
(17, 38). FOXA1 knockdown similarly reduces cell number under hormone-replete
conditions (30). While the combined phenotype of increased aggressiveness and decreased
cell number appears counterintuitive, heterogeneity within breast cancer cell lines may
explain this dichotomy (47). Specifically, loss of FOXA1 may lead to growth arrest of a
subpopulation of differentiated cells (i.e. mature luminal), while the remaining cells may
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have greater plasticity to de-differentiate towards the basal phenotype. MCF7 cells, in
particular, have a side-population with tumor initiating capabilities (47). FOXAL silencing
may enrich this population resulting in the observed shift toward the basal subtype.
Supporting the role of FOXA1 in maintaining decreased aggressiveness of breast cancer
cells, stable overexpression of FOXAL in a basal B breast cancer cell line (MDA-MB-231)
induces E-cadherin expression, and decreases the migratory capacity of these aggressive,
highly metastatic cells (48). Thus, FOXAL1 is both necessary and sufficient to lessen tumor
aggressiveness.

Targeting FOXAL as an approach for breast cancer therapy

Although we did not identify ER-positive tumors that lack FOXA1 within our cohort, others
have reported such tumors (9-14). There are currently no breast cancer cell lines that
recapitulate the FOXA1-negative, ER-positive molecular phenotype. Future studies should
delineate their molecular and phenotypic differences from FOXAZ1-positive, ER-positive
cancers to determine if and how ER functions in the absence of FOXAL. ER transcriptional
regulation in these tumors may recapitulate ER activity in other cancer types (e.g.
osteosarcoma, ovarian) that do not co-express FOXAL (22, 49).

The observation that FOXA1 controls a subset of luminal and basal breast cancer cell line
classifier genes further supports the prognostic value of FOXAL,; its expression is not only
correlative, but is functionally important in maintaining a differentiated, less aggressive
state. It has been suggested that targeting FOXA1 in patients with hormone receptor positive
disease would abrogate ER signaling and possibly aid in the efficacy of tamoxifen (50). Our
analyses dispute this postulate because FOXAL silencing may expand a more aggressive,
basal-like population of tumor cells, or cause de-differentiation of existing cells. For
example, we found that FOXAL silencing substantially induces Annexin 1 (ANXAL), a
protein required for basal breast cancer metastasis (51). These results, in combination with
the increased in vitro aggressiveness that occurs in response to FOXAL silencing, indicate
that FOXAL directly maintains the more favorable luminal phenotype, even in the absence
of ER. While pharmacologic reduction of FOXAL in luminal tumors may be
contraindicated, elevating expression of FOXAL in basal breast cancers may prove useful
for inducing luminal differentiation and acquisition of hormone responsiveness. Such
differentiation approaches may uncover novel therapeutic approaches for treating
recalcitrant basal tumors.

MATERIALS AND METHODS

cDNA microarrays

MCF7, T47D, SKBR3 and MB-453 cells were harvested at 36 or 72 hours post-transfection
with siRNA. Three biological replicates were performed per cell line at the 72-hour time
point. Total RNA was isolated using TRIzol Reagent (Invitrogen) and treated with DNAse |
(DNA-free, Ambion). RNA quantity was measured using a NanoDrop ND-1000
Spectrophotometer (NanoDrop Technologies) and by separation via capillary
electrophoresis using the Agilent 2000 Bioanalyzer (Agilent Technologies). Characterization
of individual transcripts was performed by comparison of control (non-targeting siRNA)
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with FOXAL knockdown (siRNA to FOXAL #4) samples labeled with Cy5-UTP or Cy3-
UTP using the Agilent Quick Amp Labeling Kit (Agilent Technologies). Equal amounts of
labeled treated and untreated RNA were mixed and hybridized to Agilent Human 44K
microarray slides at 65°C for 24 hours. After washing, microarray slides were read using an
Agilent Scanner, and Agilent Feature Extraction software v7.5 was used to calculate gene
expression values. The feature extracted files were imported into Rosetta Resolver v7.1 for
data analysis (Rosetta Biosoftware). The intensity ratios between the cell line sample and
mixed reference calculated for each sequence were computed according to the Agilent error
model. A sequence was considered differentially expressed if the calculated p-value was
p<0.05. Expression data has been submitted to Gene Expression Omnibus (Accession
#GSE31003). Biological replicates were further combined using a ratio-error weighted
ANOVA. Common gene expression changes between the four cell lines were compared
using Venn diagrams with a threshold at p<0.001.

Gene Set Enrichment Analysis (GSEA)

GSEA determines whether expression measurements for a set of genes shows statistically
significant concordant differences between two biological states (e.g. phenotypes) (52).
Since the Agilent Human 44K microarray reported log-ratio values of non-targeting versus
FOXAL knockdown expression data, log-intensities of the array measurements instead of
log-ratios were calculated. Utilizing individual channel analysis of the two-color Agilent
microarrays using R-package limma (53), an average microarray measurement across all cell
lines (MCF7, T47D, MB-453, SKBR3) was generated. Background correction and
normalization was done on the two-color microarray data, and a linear model was fit to the
data to acquire average values for each biological replicate. First, the raw image files from
the instrument were read using limma. The intensities were global loess normalized. Within
each array, the M-value variance was stabilized as a function of probe intensity. Next, across
all arrays, the A-values of the probes were quantile normalized so that all probe intensities
have the same distribution across all arrays. The two-color target frame was converted to
single channel data format, and linear models were fitted for every probe. Averages were
determined for three biological replicates plus a technical dye reversal replicate for each cell
line. Cell line averages were then combined to obtain a common average value (see
Supplementary methods for more detail). Due to differences between the microarray
platform used herein and those used for classifier development, GSEA was conducted on
subsets of the classifier gene lists that were identified in Neve et al. (RN) (7) and Charafe-
Jauffret et al. (ECJ) (8) (Supplementary Tables 7 and 8, respectively). Enrichment of each
classifier gene list was then determined.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

This work is supported through the Department of Defense (W81XWH-06-1-0712, GMB; W81XWH-09-1-0696,
STS; W81XWH-08-1-0347, RAK), the National Institutes of Health (T32-HD-07104-33, GMB; UL1-RR024989,
GB; R01 CA090398, RAK), the Case Western Reserve University Comprehensive Cancer Center (P30 CA043703;

Oncogene. Author manuscript; available in PMC 2013 July 31.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bernardo et al. Page 11

GB and RAK), a University Hospitals of Cleveland Pathology Research Associates Grant (FWA and RAK), and a
Fox Chase Cancer Center Support Grant (P30 CA006927, AKG).

REFERENCES

1. Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, et al. Molecular portraits of
human breast tumours. Nature. 2000 Aug 17; 406(6797):747-752. [PubMed: 10963602]

2. Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H, et al. Gene expression patterns of
breast carcinomas distinguish tumor subclasses with clinical implications. Proc Natl Acad Sci U S
A. 2001 Sep 11; 98(19):10869-10874. [PubMed: 11553815]

3. EBCTCG. Effects of chemotherapy and hormonal therapy for early breast cancer on recurrence and
15-year survival: an overview of the randomised trials. Lancet. 2005 May 14-20; 365(9472):1687—
1717. [PubMed: 15894097]

4. Rakha EA, Reis-Filho JS, Ellis 10. Basal-like breast cancer: a critical review. J Clin Oncol. 2008
May 20; 26(15):2568-2581. [PubMed: 18487574]

5. Lim E, Vaillant F, Wu D, Forrest NC, Pal B, Hart AH, et al. Aberrant luminal progenitors as the
candidate target population for basal tumor development in BRCA1 mutation carriers. Nat Med.
2009 Aug; 15(8):907-913. [PubMed: 19648928]

6. Molyneux G, Geyer FC, Magnay FA, McCarthy A, Kendrick H, Natrajan R, et al. BRCAL1 basal-
like breast cancers originate from luminal epithelial progenitors and not from basal stem cells. Cell
Stem Cell. 2010 Sep 3; 7(3):403-417. [PubMed: 20804975]

7. Neve RM, Chin K, Fridlyand J, Yeh J, Baehner FL, Fevr T, et al. A collection of breast cancer cell
lines for the study of functionally distinct cancer subtypes. Cancer Cell. 2006 Dec; 10(6):515-527.
[PubMed: 17157791]

8. Charafe-Jauffret E, Ginestier C, Monville F, Finetti P, Adelaide J, Cervera N, et al. Gene expression
profiling of breast cell lines identifies potential new basal markers. Oncogene. 2006 Apr 6; 25(15):
2273-2284. [PubMed: 16288205]

9. Wolf I, Bose S, Williamson EA, Miller CW, Karlan BY, Koeffler HP. FOXAL: Growth inhibitor
and a favorable prognostic factor in human breast cancer. Int J Cancer. 2006 Mar 1; 120(5):1013-
1022. [PubMed: 17163418]

10. Badve S, Turbin D, Thorat MA, Morimiya A, Nielsen TO, Perou CM, et al. FOXAL expression in
breast cancer--correlation with luminal subtype A and survival. Clin Cancer Res. 2007 Aug 1;
13(15 Pt 1):4415-4421. [PubMed: 17671124]

11. Habashy HO, Powe DG, Rakha EA, Ball G, Paish C, Gee J, et al. Forkhead-box Al (FOXA1L)
expression in breast cancer and its prognostic significance. Eur J Cancer. 2008 Jul; 44(11):1541—
1551. [PubMed: 18538561]

12. Thorat MA, Marchio C, Morimiya A, Savage K, Nakshatri H, Reis-Filho JS, et al. Forkhead box
Al expression in breast cancer is associated with luminal subtype and good prognosis. J Clin
Pathol. 2008 Mar; 61(3):327-332. [PubMed: 18037662]

13. Albergaria A, Paredes J, Sousa B, Milanezi F, Carneiro V, Bastos J, et al. Expression of FOXA1
and GATA-3 in breast cancer: the prognostic significance in hormone receptor-negative tumours.
Breast Cancer Res. 2009; 11(3):R40. [PubMed: 19549328]

14. Mehta RJ, Jain RK, Leung S, Choo J, Nielsen T, Huntsman D, et al. FOXAL is an independent
prognostic marker for ER-positive breast cancer. Breast Cancer Res Treat. 2011 e-pub ahead of
print 19 Apr 2011.

15. Bernardo GM, Keri RA. FOXAL1: a transcription factor with parallel functions in development and
cancer. Biosci Rep. 2012 Apr 1; 32(2):113-130. [PubMed: 22115363]

16. Carroll JS, Liu XS, Brodsky AS, Li W, Meyer CA, Szary AJ, et al. Chromosome-wide mapping of
estrogen receptor binding reveals long-range regulation requiring the forkhead protein FoxA1.
Cell. 2005 Jul 15; 122(1):33-43. [PubMed: 16009131]

17. Laganiere J, Deblois G, Lefebvre C, Bataille AR, Robert F, Giguere V. From the Cover: Location
analysis of estrogen receptor alpha target promoters reveals that FOXA1 defines a domain of the
estrogen response. Proc Natl Acad Sci U S A. 2005 Aug 16; 102(33):11651-11656. [PubMed:
16087863]

Oncogene. Author manuscript; available in PMC 2013 July 31.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bernardo et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 12

Cirillo LA, McPherson CE, Bossard P, Stevens K, Cherian S, Shim EY, et al. Binding of the
winged-helix transcription factor HNF3 to a linker histone site on the nucleosome. Embo J. 1998
Jan 2; 17(1):244-254. [PubMed: 9427758]

Cirillo LA, Zaret KS. An early developmental transcription factor complex that is more stable on
nucleosome core particles than on free DNA. Mol Cell. 1999 Dec; 4(6):961-969. [PubMed:
10635321]

Cirillo LA, Lin FR, Cuesta I, Friedman D, Jarnik M, Zaret KS. Opening of compacted chromatin
by early developmental transcription factors HNF3 (FoxA) and GATA-4. Mol Cell. 2002 Feb;
9(2):279-289. [PubMed: 11864602]

Lupien M, Eeckhoute J, Meyer CA, Wang Q, Zhang Y, Li W, et al. FoxA1 translates epigenetic
signatures into enhancer-driven lineage-specific transcription. Cell. 2008 Mar 21; 132(6):958-970.
[PubMed: 18358809]

Hurtado A, Holmes KA, Ross-Innes CS, Schmidt D, Carroll JS. FOXAL1 is a key determinant of
estrogen receptor function and endocrine response. Nat Genet. 2011 Jan; 43(1):27-33. [PubMed:
21151129]

Bernardo GM, Lozada KL, Miedler JD, Harburg G, Hewitt SC, Mosley JD, et al. FOXA1 is an
essential determinant of ERalpha expression and mammary ductal morphogenesis. Development.
2010 Jun; 137(12):2045-2054. [PubMed: 20501593]

Mallepell S, Krust A, Chambon P, Brisken C. Paracrine signaling through the epithelial estrogen
receptor alpha is required for proliferation and morphogenesis in the mammary gland. Proc Natl
Acad Sci U S A. 2006 Feb 14; 103(7):2196-2201. [PubMed: 16452162]

Feng Y, Manka D, Wagner KU, Khan SA. Estrogen receptor-alpha expression in the mammary
epithelium is required for ductal and alveolar morphogenesis in mice. Proc Natl Acad Sci U S A.
2007 Sep 11; 104(37):14718-14723. [PubMed: 17785410]

Mueller SO, Clark JA, Myers PH, Korach KS. Mammary gland development in adult mice requires
epithelial and stromal estrogen receptor alpha. Endocrinology. 2002 Jun; 143(6):2357-2365.
[PubMed: 12021201]

Doane AS, Danso M, Lal P, Donaton M, Zhang L, Hudis C, et al. An estrogen receptor-negative
breast cancer subset characterized by a hormonally regulated transcriptional program and response
to androgen. Oncogene. 2006 Jun 29; 25(28):3994-4008. [PubMed: 16491124]

Robinson JL, Macarthur S, Ross-Innes CS, Tilley WD, Neal DE, Mills IG, et al. Androgen
receptor driven transcription in molecular apocrine breast cancer is mediated by FoxA1l. Embo J.
2011; 30(15):3019-3027. [PubMed: 21701558]

Naderi A, Hughes-Davies L. A functionally significant cross-talk between androgen receptor and
ErbB2 pathways in estrogen receptor negative breast cancer. Neoplasia. 2008 Jun; 10(6):542-548.
[PubMed: 18516291]

Yamaguchi N, Ito E, Azuma S, Honma R, Yanagisawa Y, Nishikawa A, et al. FoxAl as a lineage-
specific oncogene in luminal type breast cancer. Biochem Biophys Res Commun. 2008 Jan 25;
365(4):711-717. [PubMed: 18039470]

Williamson EA, Wolf I, O'Kelly J, Bose S, Tanosaki S, Koeffler HP. BRCA1 and FOXAL1 proteins
coregulate the expression of the cell cycle-dependent kinase inhibitor p27(Kipl). Oncogene. 2006
Mar 2; 25(9):1391-1399. [PubMed: 16331276]

Hollier BG, Evans K, Mani SA. The epithelial-to-mesenchymal transition and cancer stem cells: a
coalition against cancer therapies. J Mammary Gland Biol Neoplasia. 2009 Mar; 14(1):29-43.
[PubMed: 19242781]

Finlin BS, Gau CL, Murphy GA, Shao H, Kimel T, Seitz RS, et al. RERG is a novel ras-related,
estrogen-regulated and growth-inhibitory gene in breast cancer. J Biol Chem. 2001 Nov 9;
276(45):42259-42267. [PubMed: 11533059]

Frasor J, Danes JM, Komm B, Chang KC, Lyttle CR, Katzenellenbogen BS. Profiling of estrogen
up- and down-regulated gene expression in human breast cancer cells: insights into gene networks
and pathways underlying estrogenic control of proliferation and cell phenotype. Endocrinology.
2003 Oct; 144(10):4562-4574. [PubMed: 12959972]

Oncogene. Author manuscript; available in PMC 2013 July 31.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bernardo et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5L

Page 13

Ni M, Chen Y, Lim E, Wimberly H, Bailey ST, Imai Y, et al. Targeting androgen receptor in
estrogen receptor-negative breast cancer. Cancer Cell. 2011 Jul 12; 20(1):119-131. [PubMed:
21741601]

Schug, J. Using TESS to Predict Transcription Factor Binding Sites in DNA Sequence. In:
Baxevanis, AD., editor. Current Protocols in Bioinformatics. John Wiley & Sons, Inc.; 2003. p.
2.6.1-2.6.15.

Serandour AA, Avner S, Percevault F, Demay F, Bizot M, Lucchetti-Miganeh C, et al. Epigenetic
switch involved in activation of pioneer factor FOXA1L-dependent enhancers. Genome Res. 2011
Apr; 21(4):555-565. [PubMed: 21233399]

Eeckhoute J, Carroll JS, Geistlinger TR, Torres-Arzayus MI, Brown M. A cell-type-specific
transcriptional network required for estrogen regulation of cyclin D1 and cell cycle progression in
breast cancer. Genes Dev. 2006 Sep 15; 20(18):2513-2526. [PubMed: 16980581]

Kim TK, Hemberg M, Gray JM, Costa AM, Bear DM, Wu J, et al. Widespread transcription at
neuronal activity-regulated enhancers. Nature. 2010 May 13; 465(7295):182-187. [PubMed:
20393465]

Wang D, Garcia-Bassets |, Benner C, Li W, Su X, Zhou Y, et al. Reprogramming transcription by
distinct classes of enhancers functionally defined by eRNA. Nature. 2011 Jun 16; 474(7351):390-
394. [PubMed: 21572438]

Malik S, Jiang S, Garee JP, Verdin E, Lee AV, O'Malley BW, et al. Histone deacetylase 7 and
FoxAl in estrogen-mediated repression of RPRM. Mol Cell Biol. 2010 Jan; 30(2):399-412.
[PubMed: 19917725]

Gorski JJ, James CR, Quinn JE, Stewart GE, Staunton KC, Buckley NE, et al. BRCA1
transcriptionally regulates genes associated with the basal-like phenotype in breast cancer. Breast
Cancer Res Treat. 2010 Aug; 122(3):721-731. [PubMed: 19882246]

Sahu B, Laakso M, Ovaska K, Mirtti T, Lundin J, Rannikko A, et al. Dual role of FoxA1l in
androgen receptor binding to chromatin, androgen signalling and prostate cancer. Embo J. 2011
Oct 5; 30(19):3962-3976. [PubMed: 21915096]

Kouros-Mehr H, Slorach EM, Sternlicht MD, Werb Z. GATA-3 maintains the differentiation of the
luminal cell fate in the mammary gland. Cell. 2006 Dec 1; 127(5):1041-1055. [PubMed:
17129787]

Asselin-Labat ML, Sutherland KD, Barker H, Thomas R, Shackleton M, Forrest NC, et al. Gata-3
is an essential regulator of mammary-gland morphogenesis and luminal-cell differentiation. Nat
Cell Biol. 2007 Feb; 9(2):201-209. [PubMed: 17187062]

Kouros-Mehr H, Bechis SK, Slorach EM, Littlepage LE, Egeblad M, Ewald AJ, et al. GATA-3
links tumor differentiation and dissemination in a luminal breast cancer model. Cancer Cell. 2008
Feb; 13(2):141-152. [PubMed: 18242514]

Nakanishi T, Chumsri S, Khakpour N, Brodie AH, Leyland-Jones B, Hamburger AW, et al. Side-
population cells in luminal-type breast cancer have tumour-initiating cell properties, and are
regulated by HER2 expression and signalling. Br J Cancer. 2010 Mar 2; 102(5):815-826.
[PubMed: 20145614]

Liu YN, Lee WW, Wang CY, Chao TH, Chen Y, Chen JH. Regulatory mechanisms controlling
human E-cadherin gene expression. Oncogene. 2005 Dec 15; 24(56):8277-8290. [PubMed:
16116478]

Krum SA, Miranda-Carboni GA, Lupien M, Eeckhoute J, Carroll JS, Brown M. Unique ERalpha
cistromes control cell type-specific gene regulation. Mol Endocrinol. 2008 Nov; 22(11):2393-
2406. [PubMed: 18818283]

Fu X, Huang C, Schiff R. More on FOX News: FOXAL on the horizon of estrogen receptor
function and endocrine response. Breast Cancer Res. 2011 Apr 20.13(2):307. [PubMed:
21575280]

de Graauw M, van Miltenburg MH, Schmidt MK, Pont C, Lalai R, Kartopawiro J, et al. Annexin
Al regulates TGF-beta signaling and promotes metastasis formation of basal-like breast cancer
cells. Proc Natl Acad Sci U S A. 2010 Apr 6; 107(14):6340-6345. [PubMed: 20308542]

Oncogene. Author manuscript; available in PMC 2013 July 31.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Bernardo et al. Page 14

52. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA, et al. Gene set
enrichment analysis: a knowledge-based approach for interpreting genome-wide expression
profiles. Proc Natl Acad Sci U S A. 2005 Oct 25; 102(43):15545-15550. [PubMed: 16199517]

53. Smyth, GK. Proceedings of the 55th Session of the International Statistics Institute. Sydney
Auwstralia: 2005 Apr 5-12. Individual Channel Analysis of Two-Colour Microarrays. Paper 116

Oncogene. Author manuscript; available in PMC 2013 July 31.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Bernardo et al.

Page 15

<100 -
%80-
L
o 60
2 40 -
-]
= 20
(@)
x 0-
20 ER+ ER-
o
§25~
020— *
L 15 -
510—
O 5
L
0_
B it ER+ ER-
Z12
4
£ 1 D
‘;—EO 8 Luminal BaA  BaB
O N~
.6 o - <
2 04 58S F 29a28a6b
Bo2 =S Em =0 =T ==
X A M
FOXA1|l ¥
Ce328528383% e e
0<r<,rm<.r::::o<\,lo‘—§
SFoXonoOoOmOLWw L ERa — —
SO=00IT=T28
5 ==
Luminal Basal A Basal B jracin _—-—-_——-—/

Figure 1. FOXAL is expressed in the absence of ER in breast tumors and luminal cell lines
(A) Representative FOXA1 IHC of ER-positive (n=32) and ER-negative (n=13) breast

tumor sections. FOXAL expression (brown) is counterstained with hematoxylin. Scale bars
=100 pm. (B) FOXAL is expressed in all ER-positive and ~50% of ER-negative tumors.
ER-negative tumors express significantly less FOXAL than ER-positive tumors (*p <
1x10-6). Scores were computed by multiplying signal intensity (1=lowest; 3=highest) by
the percentage of positive cells (1=10%, 2=20%, etc.) (10). (C) Quantitative real-time PCR

of FOXA1 mRNA in a diverse group of breast cancer cell
three experiments (cells harvested on separate occasions)

Oncogene. Author manuscript; available in PMC 2013 July 31.

lines. Bars represent the mean of
*s.e.m. relative to GAPDH. (D)
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Immunoblot analysis of a cohort of breast cancer cell lines for FOXAL and ER (BaA=Basal
A; BaB=Basal B).
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Figure 2. Identification of a FOXA1-dependent luminal transcriptome
(A) Representative immunoblots confirming FOXAL knockdown (~60%-87%) with siAl#4

at 36 (n=1) and 72 hours (n=3) post-transfection. NT = non-targeting siRNA. (B) Schematic
of the experimental design for each cell line. Technical replicates from each experiment
were performed in triplicate and were processed for microarray analysis. Biological
replicates were combined via error-weighted ANOVA. (C) Venn diagrams of commonly
changed gene probes at 72 hours post-transfection (p < 0.001).
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Figure 3. Loss of FOXA1 decreases enrichment for luminal genes, while increasing enrichment
for basal genes

(A) Heat maps depicting expression changes of the genes within the Neve et al. (RN) (7)
luminal and basal A classifier lists upon knockdown of FOXA1 (siAl1#4) at 72 hours post-
transfection. Genes are ordered from highest to lowest classification power. A propensity of
red or green is indicative of a directional shift in global expression of the gene classifier. (B)
GSEA enrichment plots utilizing a subset of the luminal and basal discriminatory gene sets
generated by Neve et al. (RN) (7) and Charafe-Jauffret et al. (ECJ) (8). Vertical lines
represent individual genes of the respective classifier that contribute to the enrichment score.
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Genes are ranked by signal to noise ratio: left (most positive) to right (most negative).
Values below 0 indicate reduced enrichment of a signature gene set, while values above 0
indicate a gain in enrichment.
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(A) MCF7, (B) T47D, (C) MB-453, and (D) SKBR3 cells were transiently transfected with
non-targeting (NT) or siRNA targeting FOXAL (siA1#4). (Left) Quantitation of mMRNA
changes for a subset of differentially expressed luminal and basal classifying genes at 72
hours post-transfection using real time RT-PCR. Bars represent the mean of three
experiments * s.e.m. relative to GAPDH (*p < 0.05). (Right) Representative immunoblots at
72 hours post-transfection showing induction of the basal protein, Annexin 1, in response to

FOXAL silencing (n=3).
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Figure 5. FOXAL transcriptionally regulates luminal and basal gene expression in luminal breast
cancer cells

(A-C) FOXAL ChIP of a subset of basal and luminal genes in MCF7 and MB-453 cells. (A)
Representative images and (B—C) quantitation of FOXAL ChIP. Bars represent the fold
change in binding relative to normal goat 1gG + s.e.m. (n=3) where the Y-axis is log2.
Genes underlined represent sites predicted to bind FOXAL in a previously published MCF7
ChlIP-chip dataset. The asterisk represents a site predicted in a previously published MB-453
ChlP-seq dataset. The remaining sites were either predicted to bind in both MCF7 and
MB-453 datasets, or are regions surrounding consensus elements within the gene promoter
(see Table 3). Genes listed twice represent independent binding locations for that gene. (D)
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Quantitation of eRNA transcripts generated upstream and downstream of the common
FOXAL binding site in CD58 at 72 hours post-transfection with non-targeting (NT) or
siRNA targeting FOXAL (siAl1#4). A region ~10 kilobases upstream of CD58 not bound by
FOXAL in previously published datasets was used as a negative control (NC). See
Supplementary Figure 6 for a schematic of the associated binding sites and primer locations
for CD58. Bars represent the mean of three experiments + s.e.m. relative to GAPDH (*p <
0.05).
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Figure 6. Loss of FOXAL increases migration and invasion of luminal breast cancer cells
(A-D) MCF7 and MB-453 cells were transiently transfected with non-targeting (NT) or

SiRNA targeting FOXA1 (siA1#1). At 48 hours post-transfection, cells were plated in
modified Boyden chambers to analyze (A) migration at 24 hours or (B) invasion at 48 hours.
(C) Number of viable cells (trypan blue excluded) at 48 hours post-transfection. Bars in A-C
represent the mean of three experiments + s.e.m. relative to NT (*p < 0.05; **p < 0.01). (D)
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Representative immunoblots confirming knockdown of FOXA1 with siA1#1 at 72 hours
post-transfection (MCF7, n=3; MB-453, n=2).
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Table 1

Basal A, Basal B and Luminal classifier genes whose expression is changed upon knockdown of FOXAL in
MCF7, T47D, MB-453 and SKBR3 cells (p<0.05).

Basal A Basal B Luminal

Increased in all four lines  Increased in all four lines  Decreased in all four lines

ANXAL DSE ALDH6A1
ARHGEF9 ELK3 EFHD1
CD58 FSTL1 ERBB3
FNDC3B GLS SPDEF
JAG1 LHFP TFF3
KRT16 MALT1 XBP1
LYN PALM2 20.7% of total Lum
MGP 10.1% of total BasB
PAM
PRNP
S100A2
SLPI
SOX9
TF
TRIM2

16.3% of total BasA

Classifier genes based on Neve et al. (2006) (ref. 7).
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Table 3
Potential FOXAL binding sites in basal and luminal signature genes regulated by FOXA1

#of in silico ChIP sites”  # of consensus motifsZ

Basal A MCF7 MB-453

ARHGEF9 none none none

JAGL 2 none ND

MGP none none 3

PRNP none none 1
S100A2 none 1 none
SPI none none 1

Luminal MCF7 MB-453
ALDH6A1 1 1 ND
EFHD1 5 none ND

TFF3 5 ** ND

*
FOXAL is bound <50kb upstream, intragenically, or <50kb downstream in previously published MCF7 ChiIP-chip (ref. 21) or MB-453 ChIP-seq
(ref. 35) datasets

UFOXAl Consensus motif identified in the proximal (~1000bp) promoter by TESS. ND = not determined.

*

*
Common site(s) in MCF7 and MB-453 cells

Shaded grey = Confirmed by ChIP-PCR in Figure 5
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