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Abstract
Prostate and breast cancers are two most common hormone dependent cancers in both male
and female respectively. Forkhead Box A1 (FOXA1) gene is considered to involve in both of
these cancers. It is a transcriptional factor which can interact with DNA through its Forkhead
binding domain and can enhance transcription by opening chromatin so that other
transcriptional factors can bind. FOXA1 - Forkhead class of DNA binding proteins dictate the
binding location and function of two transcription factors oestrogen and androgen receptors.
These receptors are the drivers of prostate and breast cancer. In recent years, there have been
progress to understand that how FOXA1 influenced the function of nuclear hormone receptors.
Role of FOXA1 in the regulation of both androgen and oestrogen receptors has also been
studied in this review. Protein – FOXA1 is essential for both of these receptors for their
transcriptional activity. FOXA1 is considered as the third most mutated gene in hormone
dependent cancers . There are evidences of some somatic changes in the DNA sequence under
FOXA1 region and it can influence the regulation of FOXA1 in ER and AR activity. Mutational
analysis of FOXA1 in both prostate and breast cancer have been discussed in this review based
study. In future, this review based study can help the scientific community to work on the
therapeutic treatment of prostate and breast cancer targeting FOXA1 gene as it is potent mutated
gene in both cancers.
Keywords: Androgen receptor; Breast Cancer; Forkhead domain; FOXA1; Oestrogen
receptor; Prostate cancer; Wing2 region
developmental process. FOXA1 protein
Introduction
The transcription factor Forkhead Box A1
persuade nucleosomal rearrangement
(FOXA1) is potent and content specific
which results in an extended chromatin
mediator of growth that hold specific
structure facilitating the attachment of other
functions in tissues which are hormone
transcriptional regulators (An early
dependent. FOXA1 has appear as a critical
developmental transcription factor complex
negotiator of nuclear steroid receptor
that is more stable on nucleosome core
signaling [1]. FOXA1 protein are familiar to
particles than on free DNA). FOXA1 can
attach DNA as a starting event in the
interact with DNA through its Forkhead
succession of transcriptional prescribed
binding domain and can enhance
programs which are directly linked with the
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transcription by opening chromatin so that
other transcriptional factors can bind.
There are two main regions in forkhead
domain, Wing2 and R219 but the maximum
mutations are found in the wing2 region.
When a point mutation occurs in wing2
region, it reduces the expression of FOXA1
gene and androgen receptor (AR) [2]. When
mutations are mapped on FOXA1 domain,
two structure patterns were found first one
is missense and in frame shift insertion and
deletion mutations which are clustered at
the C-terminal end of the Fork Head
(FKHD) domain, the second one is
truncating frame shift mutations and these
are bound and restricted to C-terminal.
Structure of FOXA1 consists of some
tandem duplications and translocations,
which clustered, in FOXA1 gene but never
disturbs its coding sequence, So FOXA1
alterations are divided into three classes.
Class1 contains all the mutations in FKHD
region of FOXA1, class2 contains all the
mutations in the C-terminal of FKHD
region and class 3 has some mutations in
the structure variants of FOXA1 inside the
locus d [3].
Many genes have been reported worldwide
to affect the prostate cancer like SPOP,
FOXA1 and HOXB13, etc . Recent studies
on prostate cancer have revealed that the
mutation in FOXA1 gene is the major cause
of prostate cancer progression and
castration resistant prostate cancer (CRPC).
In CRPC type, cancer spreads from prostate
gland to the other parts of body [4]. FOXA1
is an important gene for the normal
development of prostate [5]. It is referred as
the pioneer transcription factor that is
responsible for loosing the compact
chromatic structure to promote the binding
of other transcription factors such as
oestrogen receptor (ER) and androgen
receptor in breast and prostate respectively
[4]. In future, this review based study can
help the scientific community to work on
the therapeutic treatment of prostate and
breast cancer targeting FOXA1 gene as it is
potent mutated gene in both cancers.
FOXA1 and breast cancer

Breast cancer is known to be linked with
the estrogen, a steroid hormone [6]. It
considered as the major determinant of
breast cancer and the effect of these
hormones generally mediated by their
specific receptors. In case of breast cancer,
this hormone is mediated by estrogen
receptor, which functions as a transcription
factor. Estrogen receptor and ER regulatory
progesterone receptor’s protein level
generally increased in malignant breast
cancer that is why these two receptors
considered as the main interest [7]. Breast
cancer have further 5-sub type’s I-e.
Luminal type (A), Luminal type (B), HER2 positive, Normal like and Basal type.
FOXA1 expressed dominantly in luminal
type, “A” which identified by the existence
of estrogen receptor (ERα), with approving
prognosis.
FOXA1 is a transcriptional factor, which
attaches to the chromatinized DNA, which
unlocks the chromatin and increases the
binding of estrogen receptor α to the target
genes. It is important for the utterance of
50% of estrogen regulated genes which is
ER α [8]. Luminal sub types comprise two
third of breast cancer. Recent studies show
that attachment of ER at almost 50% of the
target site (on chromosomes) regulated by
FOXA1. Expression of FOXA1 is
interlinked
with
estrogen
receptor
positivity. High manner of FOXA1 mRNA
is linked with high manner of ERα. FOXA1
manner is also involved ER negative
tumour [9].
FOXA1 and Prostate Cancer:
Androgen receptors (AR) play a major role
to initiate the prostate cancer. PC mainly
depends on the androgen for its normal
survival and growth that is why all the
therapies involved in prostate cancer
generally target the androgen receptors.
These receptors are dependent on FOXA1
for chromatin binding because the
frequency of FOXA1 mutations is 4% in
early stages but the increase in frequency
leads to the aggressive metastatic castration
resistant prostate cancer [4]. When the AR
malignancy shift (AMS) occurs, it triggers
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the androgen receptor to develop the PC.
Basically AMS plays a key role in the
development
of
prostate
tumour
(tumorigenesis) [10]. Recent Studies shows
that both decrease and increase in FOXA1
level can affect the patients differently for
example if its level is high it can lead to
worse condition because AR activity will
be enhanced, and if its level is low it can
cause castration- resistant prostate cancer
[11].

FOXA proteins are transcriptional
activators which contain 110 amino acid
winged helix DNA binding domain that
allows them to bind to DNA. These
proetins are able to open compact
chromatin due to the ability of their Cterminal to interact with core histone H3
and H4. That’s why these proteins are
considesed as pioneer transcriptional
factors [12].

Figure 1. FOXA1 binding with genomic Forkhead motifs [17].
(A) FOXA1 preferentially binds to genomic Forkhead motifs marked by H3K4me1/me2
histone modifications. It causes open chromatin to develop, allowing AR to bind
sequentially to drive AR transcriptional processes. EMT is similarly inhibited by FOXA1
in the absence of AR. (B) Along with HOXB13, FOXA1 can significantly remodel AR
cistrome in prostate cancer. FOXA1 mutations can increase AR binding and change
the AR transcriptional programmes considerably. EMT programmes can be induced by
FOXA1 mutations to promote cancer metastasis.Abbreviations: ARE, androgen-receptor
response element; EMT, epithelial-mesenchymal transition.
binding domain [13]. These contain 3 αhelices , 3 sheets and two loops [14].
FOXA1 usually interact with androgen

FOXA family
FOXA1 is a member of this FOXA family
and it consists of winged helix DNA
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receptor and oestrogen receptor, which are
mainly responsible for prostate and breast
cancer respectively. Generally FOXA1 gene
is mutated in 3 to 5 percent of prostate
cancer while 1.8 percent of breast cancer
[15]. FOXA1 acts as an oncogene in
prostate cancer. FOXA1 alternations also
has impact on AR cistrome , chromatic
accessibility profile and metastaic potential
[16].
Binding mechanism of FOXA
FOXA1 binds to the genomic Forkhead
motifs which are marked by H3K4me1/me2
histone modifications. It induces open
chromatin conformation and allows for the
binding of Androgen receptor to drive AR
transcriptional program. Due to the
mutations of FOXA1 , transcriptional
program of AR gets altered . These
mutations can also induce EMT ( epithelial
to mesenchymal transition) and play a role
to dive cancer metastasis [17].
Epidemiology and causes of prostate
Across different regions, there are
variations in the incidence rate of prostate
cancer and it increases with age. Although
its incident rate is high, still it can be
detected in early stages. It is fifth most
common cancer which causes death
globally. In 2015, approximately 366,000
deaths were reported [18].
Risk factors
Age, race and family history are the major
contributing risk factors of prostate cancer
[19]. Age is linked with the higher risk of
prostate cancer. It is mostly seen in people
who are more than 50 years old. Fatality
rate of prostate cancer are most common in
black race as compared to white race [20].
Family history in another main risk factor
of prostate cancer. So, it is confirmed that
the genetic factors are be the highlighted
main causes for prostate cancer [21] .
Epidemiology and causes of breast
cancer
In woman, breast cancer is the second most
common type of cancer in all over the
world. It almost includes 1.7% cases per
year. In 2012 there were 1,671,149 new
cases of breast cancer were reported. In the

same year, it causes 521,907 deaths. Its
incidences rate is 43.1 per 100,000.
Symptoms of breast cancer
Behavioural synmptoms like Fatigue ,
depression , insomic and mood swings can
be the early symptoms of the breast cancer
[22]. There are many symptoms of breast
cancer but the main is lump and thickening
of breast, while the other symptoms are
change in the size of breast, discharge from
nipples, swelling in armpits and rashes
around the nipple [23].
Reasons behind breast cancer
The reason of breast cancer can be the
unhealthy lifestyle and just like prostate
cancer, it is common in developed
countries. Use of preventing pregnancy
hormones, obesity, having no child, no
physical activity and alcohol consumption
can be the risk factors of breast cancer. This
cancer is growing rapidly in South
America, Africa and Asia [24].
Receptors
influencing
hormone
dependent cancers
Androgen receptor
Role/mechanism
Androgen receptors are mainly responsible
for the development of prostate cancer and
prostate tissues. It has an important role in
male sexual or pubertal differentiation. It is
a part of superfamily of nuclear receptor.
Phosphorylation has a role in modify the
activity of androgen receptor [25].
Androgen receptor is a primary driver of the
development in the neoplastic cells; it
changes the androgen behavior in the main
event in the production of tumor. Some
research shows that when normal androgen
dependent prostate epithelial transform in
the spiteful prostate cancer cells, this bring
changes in the androgen receptor [10].
Domains
The changes in the androgen receptor may
alter the ability of it to attach to the
androgens. It may also cause male
infertility. Androgen receptor have four
domains as common with other nuclear
receptor superfamily. These domains are
ligand binding domain, DNA binding
domain, hinge region and NH2 terminal
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transactivation [25]. There are many
groups, which are responsible in the
binding of androgen receptor with the
chromatin in dissimilar stages of prostate
cancer in different patterns. AR ChIP chip
used to recognize the dihydrotestosterone
induces which is AR binding sites.
Androgen receptor also have a supporting
figure like the other transcriptional factors
like GATA and FOXA1. Over expressions
of FOXA1 also alter the androgen binding
patterns in prostate cells [10]. Androgen
receptor activity is maintained by the post
translational modification which includes
simulation which includes reversible
changes [26].
Estrogen receptor
Estrogen receptor binds to estrogen, which
is a hormone. It is expressed in seventy
percent of breast cancer and plays an
important in its development [27].
Role of ER
ER signalling plays dual role in breast
cancer; 1) Signalling of ER is necessary for
the growth and development of mammary
gland and abnormal signalling can lead to
the abnormal cell growth and as a result
participate in breast cancer. 2) It is required
for the normal growth of cells because if
there is a loss in signalling it can cause ERnegative tumours [28].
Mutations
Mutations of ER are generally found in
primary ER positive breast but in some
cases, it is involved in metastatic tumours.
Mostly ER mutations are present in
receptor’s ligand binding domain (LBD).
RNA sequence analysis has shown
hundreds of gene that target the ER and are
involved in mutant ER cell lines when
estrogens are absent. Studies showed that
mutant ER is able to bind with ER sites in
the absence of estrogens .ER mutations also
alter the expression of mutant-specific set
of gene [27].
Role of FOXA1
In prostate cancer
FOXA1 drives prostate cancer progression
[1, 29, 30]. Moreover, due to its winged
structure, it helps in chromatin binding of

different transcription factors such as
androgen receptor in prostate. This whole
process of binding is possible due to the
loss of DNA methylation and existence of
histone methylation [17]. FOXA1 is
involved in AR-mediated transcription
prostate genes, which are rat probacin and
human prostate cancer. The binding sites of
FOXA1 found in these genes.
Mechanism of regulation
FOXA1 can regulate two oncogenic
processes by different mechanisms. It can
promote the growth of cell by AR-pathway
and it prevent cell motility and EMT
(epithelial to mesenchymal transition). This
action of FOXA1 oppose the action of ARsignalling. So this shows that FOXA1 also
has a metastasis inhibitory function in
prostate cancer independent of AR [31].
FOXA1 has an ability to interact directly
with AR that’s why it can manage
transcription in normal tissue of prostate
and in cancer. If FOXA1 is silenced it result
in the complete alternation of AR binding
and expression of gene. In prostate cancer
FOXA1 can reprogram the AR binding [17]
Its silencing also decrease the expression of
tumour suppressor gene [32].
In breast cancer
FOXA1 has a dual role in breast cancer;
first, its capability to the development of
cancer and other is initiate the binding of
estrogen receptor. Transcriptional factor
FOXA1 has a unique class, which can attach
to the chromatin [8]. FOXA1 has a
structural similarity with the linker histone
H1, due to this FOXA1 can dislocate linker
histones to regulate nucleosomes available
to bind with some other transcriptional
factor [33]. In this manner, FOXA1
increases the engage or binding of
chromatin to the other transcriptional
factors [8]. FOXA1 is also important for
estrogen binding in breast cancer. Almost
70% of breast cancer is due to the estrogen
receptor which acts as a transcriptional
factor which promote tumor progression
[33]. FOXA1, estrogen receptor and GATA
3 together play role in the initiation of
breast
cancer,
especially in
the
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development of luminal type A (subtype of
breast cancer) [8].
Mechanism
Almost 50% binding of estrogen receptor
on the target site of chromosome regulated
by FOXA1. Estrogen receptor, GATA 3 and
FOXA1 combine and form a path in
epithelial cells of breast cancer. FOXA1
forbid the transformation of epithelial to
mesenchymal [34] just like it prevent EMT
in prostate cancer [31]. FOXA1 also
regulate the appearance of E-cadherin and
P27kip1 which stops the development of
breast cancer to metastasis (from spread to
other organ of the body) [8].
Mutations that alter the function of
FOXA1
FOXA family proteins are mainly involved
in the regulation of estrogen receptor and
androgen receptor so we can clearly
observe the involvement of FOXA1 in both
breast and prostate cancer [8].
Mutations in FOXA1 in case of prostate
As it discussed earlier that mutation of
FOXA1 in prostate cancer are present in
wing2 region of FKHD also called as
FKHD missense mutations (FKHD-MSs).
Three most important FKHD-MSs
(D226G, H247Y and M253K) generate
LNCaP (androgen-sensitive PCa cell lines)
with tetrancycline-induciable expression of
V5-tagged FKHD-MSs. As a result,
chromatin binding of FOXA1 at ARdependent enhancer reduced due to these
FKHD-MSs. AR recruitment decrease in
these enhancers and the expression of
Androgen regulated genes also restrained
by FKHD-MSs. When FKHD-MSs are
expressed with a complete knockdown of
FOXA1, AR-regulatory genes are also
suppressed and with the help of RNASequence analysis it is cleared that AR
activity stop with the expression of FKHDMSs [4].
Mutations in FOXA1 in case of breast
cancer
In breast cancer, most of the mutations of
FOXA1 are present in wing2 region and C
terminal domain of FKHD. We know that
FOXA1 and estrogen receptor are

functionally dependent on each other and
after analysis of breast cancer samples it
revealed that a low frequency of FOXA1
mutations and large proportion of lesions
are present at the H1 helix. Different
mutations of FOXA1 are present in breast
cancer but among all of these mutations,
missense substitutions are the most
dominant and are present in metastatic ER
positive [33].
Coding and non-coding regions of
FOXA1
FOXA1 is generally mutated in its coding
sequence upto 9% to 13% [35, 36]. When
mutations occur in the coding sequence of
FOXA1, almost 50% of these mutations
mapped to the nucleotides, which are
encoding the FOXA1 DNA binding
domain. Forkhead domain affected by the
mutations, which are deletions, insertions
and MSs (missense point mutations). In
Forkhead domain, many of the mutations
clump with the nucleotide of the next wing
loop. FOXA1 coding mutation also shows
the change in the nuclear movement and
binding affinity of DNA [17]. It has been
identifying that coding somatic singlenucleotide variants (SNVs) mapping to
FOXA1 is up to 9% and 13% of primary and
castration resistant prostate cancer
respectively. These SNVs target the
FOXA1 and its domain; alter its function to
promote prostate cancer growth [13]. EMT
also plays role in tumour development by
inducing metastasis. FOXA1 mainly
supresses EMT development in prostate
cancer [37].
The expression of FOXA1 altered by some
non-coding mutations during prostate
cancer stages. Studies show that 6 CREs
(cis-regulatory landscape) are involved in
monitoring FOXA1 and mRNA expression
and both of these are targeted by some
mutations. Removal of these CREs results
in the depletion of FOXA1 mRNA
expression and growth of LNCaP prostate
cancer [17]. SNVs mapping to CREs tell us
that these are able to alter the expression of
FOXA1 modulating the binding of prostate
cancer [13].
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obtaining of 7,8 androgen receptor. Some
other genes are also altered which are
MED12, SPOP and FOXA1 [2]. Basically,
there is a construction of 12 genes, which
were mutated, these genes are mostly
appear in prostate cancer. Eight non-silent
FOXA1 mutations recognized congregate
on every side of the binding domain of
forkhead DNA. In the entire exome,
missense mutation occurs in the C terminal
TA domain in FOXA1, which cause
changes in F400I amino acid. Similarly, the
missense mutation in the Forkhead domain
of FOXA1 cause changes in the S194fs,
H247Y, D226N, S250F amino acids in
prostate [15].
Modulation of androgen receptor by
FOXA1
FOXA1 facilitate the process of binding of
androgen receptor to the prostate genes, by
opening chromatin [40]. Androgen receptor
and FOXA1 interact with each other by
using their DNA binding domains. In AR
action in PCA, FOXA1 plays a role as a
mediator. Chromatin immunoprecipitation
–sequencing (chip-seq) has described the
binding site of androgen receptor and
FOXA1 in LNCaP-iF15 and the depletion
of FOXA1 protein. FOXA1 has a dual role
in Androgen activity; it can depict and
evaluate the AR activity. These analyses
also explain the complex relation between
AR and FOXA1. FOXA1 not perform the
function of AR mediated genes activation
but also it has its role in AR-mediated genes
repression. FOXA1 also has an ability to
form a complex with AR and its targeted
genes and as a result increase the survival
of PCa. FOXA1 regulate the activity of AR
in metastatic PCa. If the expression of
FOXA1 in increased, it also over activates
the complex in AR. when the FOXA1
mutated, it suppresses the signalling of
androgen receptor, which increases the
tumour growth [31].
Modulation of estrogen receptor by
FOXA1
Estrogen receptor is the most important trait
of breast cancer. It works as a transcription
element to control cell division. The

Results of sequencing
Genomic studies on breast cancer utilize
sequencing techniques to straighten out the
important mutations, rearrangements of
chromosomes and changes of DNA
methylation that are responsible for breast
cancer. FOXA1 increases the function of
nuclear receptor, which control the act of
estrogen receptor [15].
Mutations are responsible for breast and
prostate cancer
Basically, the mutation in FOXA1 is
excessive in breast cancer as compared to
normal tissue or cells. As FOXA1 linked
with the estrogen receptor [38]. FOXA1
which is known as a hormone receptor in
breast cancer influence its upregulation by
increasing the binding of E2F [39]. Results
have shown the role of TP53, ERBB2, HER
and PIK3CA (driver genes of breast cancer)
in breast cancer and it also lead to the
discovery of a abundant oncogenic
mutations which includes FOXA1 in the
TCGA (The cancer genome Atlas). In this
study of TCGA, 825 patients were assessed
to 6 different platforms which also
sequencing of exoms of 507 tumour and
then matched it with the normal DNA. They
found that Mutations of FOXA1 were
present on 8 tumours. This finding makes
the FOXA1 most significant mutated gene
of breast cancer. In the TCGA study,
FOXA1 mutations were normally found in
ER positive tumours. When gene
expression profiling was done to those eight
tumours, which were identified with
FOXA1 mutations, the maximum tumours
were luminal A tumour (5/8) and luminal B
were (2/8). Another most frequent tumour,
which was identified, was GATA3 but the
mutations of FOXA1 and GATA3 were in
same amount.
Recent researches show that the mutation in
FOXA1 happen in 3.4 to 5.2% of cancer.
FOXA1 mutation carry out entire exome
order on 112 therapy naïve prostate along
with RNA sequencing examination on
transcripts via 63 tumors [15]. Natural
genetic mutations in prostate cancer
comprises the dropping of NKX3 and
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attachment of genome to the estrogen
receptor link with the utterance of FOXA1
[41]. FOXA1 is responsible for the 50%
utterance of the estrogen receptor.
Attachment of estrogen receptor and
FOXA1 make possible to open the
chromatin, which permit the binding of
ERα with DNA as shown in figure 1 [8].
FOXA1 is responsible to increase the
relationship in the middle of chromatin and
estrogen receptor [41]. The pull down of

FOXA1 utterance stop the link between ER
and chromatin [5]. There are 153
promoters, which is bounce by estrogen
receptor in the existence of E2 motif
finding, which show that estrogen receptor,
is the important pattern in such promoters
[42]. Estrogen promoting gene utterance is
moderate by two nuclear receptor family
member, which include ERα and ERβ. ERα
is ruling in breast cancer [5].

Figure 2. Role of FOXA1 in ER function
The binding of FOXA1 to ER target genes may help to loosen up compacted chromatin,
allowing liganded ER to better bind to DNA. The ER that has not been liganded creates
a complex with co-repressors, whereas the ER that has been liganded produces a complex
with co-activators. Phosphorylation of the ERα alters the interaction between coactivators and co-repressors. ERα binds to consensus ER response elements as dimers.
Only monomer binding is depicted in the picture for clarity. Figure is made with
Biorender.
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Figure 3. Converging of FOXA1 and AR-regulated pathways in prostate cancer [31].
Left, FOXA1, as an initial factor, AR is recruited to the DNA binding area after the closed
chromatin is opened. As a result, AR controls the expression of its target genes, promoting
PCa cell proliferation while inhibiting the metastasis. Right, in CRPC, there are two
distinct pathways underlying AR regulation of CRPC cell growth. One is that AR
activates its target genes by opening and maintaining chromatin. The other is that high
amounts of FOXA1 help AR become sensitive to low androgen levels. As a result, when
AR is activated, it transactivates its target genes. CRPC cell development is aided by both
routes.
in breast cancer are generally present at
wing2 region and C terminal domains of the
FKHD same as prostate cancer. FOXA1
control the function of nuclear receptor that
control the action of estrogen receptor.
Attachment of FOXA1 and estrogen
receptor make possible to open chromatin,
which then permit the binding of ER with
DNA. FOXA1 has its major mutational role
in prostate cancer but it is also linked with
breast cancer and somehow it also its role
in breast cancer but the pathway to this is
still unknown. FOXA1 can also work as a
therapeutic target in breast cancer as it has
a double role in breast cancer; at initial
stage, it acts as a tumor promoter but at later
stages it also acts as a tumor suppressor. We
know that mutations of FOXA1 are the
reasons for hormone dependent cancer so

Conclusion
Prostate and breast cancer are two most
common types of hormone dependent
cancer in male and female respectively.
FOXA1 gene is considered to involve in
both of these cancers, as it is a
transcriptional factor and it loosen the
compact chromatic to facilitate the binding
of other transcription factors such as
oestrogen receptor and androgen receptor.
FOXA family plays an important role in the
regulation of androgen receptor. In prostate
cancer, the mutation occur in the wing 2
region of FOXA1. Breast cancer generally
linked with the estrogen. In breast cancer,
FOXA1 has role in cancer development and
initiation of the binding of estrogen and this
receptor promote tumor progression. Just
like prostate cancer, Mutations of FOXA1
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these genes can be a reason for therapeutic
approaches . These findings are new
emerging class of hope towards the possible
therapies . Only few have been identified
and one of them is FOXA1 in breast and in
prostate cancer . Due to new technologies
in genomics and proteomics many ER and
AR associated pioneer factors have been
identified.
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