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FoxA factors: the chromatin key and
doorstop essential for liver development
and function
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Pioneer factors are transcriptional regulators with the ca-
pacity to bind inactive regions of chromatin and induce
changes in accessibility that underpin cell fate decisions.
The FOXA family of transcription factors is well under-
stood to have pioneer capacity. Indeed, researchers have
uncovered numerous examples of FOXA-dependent epi-
genomic modulation in developmental and disease pro-
cesses. Despite the presence of FOXA being essential for
correct epigenetic patterning, the need for continued
FOXA presence postchromatin modulation has been de-
bated. In a recent study in this issue of Genes &Develop-
ment, Reizel and colleagues (pp. 1039–1050) show that the
tissue-specific ablation of FOXA1/2/3 in the adult mouse
liver results in the collapse of the epigenetic profile that
maintains the hepatic gene expression profile. Thus,
FOXA functions as a key, opening regions of chromatin
during development, and as a doorstep, maintaining the
established euchromatic structure in adult tissue.

The changes in cell identify that occur during develop-
ment, reprograming, and the progression of disease states
are underpinned by modifications to the epigenomic pro-
file of the cell. Pioneer factors are a subset of transcription
factors with the capacity to bind nucleosomal DNA and
induce changes in the accessibility of chromatin at specif-
ic loci. Pioneer factors may therefore be thought of as a
key, unlocking regions of chromatin for subsequent bind-
ing by transcriptional activators and repressors. Once un-
locked, the continued presence of pioneer factors such as
Zelda, aDrosophila transcription factor fromwhichmuch
of the initial understanding of pioneer factor function was
derived, is no longer required (Liang et al. 2008). Instead,
the euchromatic structure is maintained by the binding
of nonpioneer “settler” transcription factors and the re-
cruitment of the basic transcriptional machinery.

The FoxA transcription factor family contains paradigm
mammalian pioneer factors. Since the capacity of FoxA to
bind and modify nucleosomal DNA was first described
(Gualdi et al. 1996), much work has focused on how
FoxA induces changes in chromatin accessibility during
development and disease. Indeed, FoxA factors have re-
cently been shown to bind and induce changes in chroma-
tin accessibility during early liver and pancreatic
development (Cernilogar et al. 2019; Genga et al. 2019;
Lee et al. 2019; Meers et al. 2019). However, it is not clear
whether continued FoxA expression is required to main-
tain these changes in chromatin accessibility, with recent
reports suggesting that HNF4α, but not FoxA2, is required
for maintaining enhancer activity in the adult liver (Tha-
kur et al. 2019).
Reizel et al. (2020) investigated the importance of con-

tinued FoxA expression in the liver. As significant redun-
dancy exists between the FoxA factors, investigation of
the individual proteins precludes identification of the
role played by the family as a whole. Moreover, FoxA2
deletion is embryonic-lethal. To circumvent these diffi-
culties, the investigators developed a conditional triple-
knockout mouse model using a hepatocyte-specific pro-
moter, inducing the deletion of FoxA1/2/3 expression spe-
cifically in the parenchymal cells of the adult liver. Upon
induction of FoxA deletion, the FoxA-null mice showed
declining liver function over a period of 15–20 d, culmi-
nating in liver failure.
Investigation of the pathophysiology revealed signifi-

cant reduction of mature liver markers. The investigators
reported that the loss of gene expression most commonly
occurred at genes that neighbored HNF4α–FoxA sites,
rather than FoxA alone. Further analyses revealed that
the loss of hepatic gene expression was associated with
the reduced capacity of HNF4α to bind to sites that were
cobound by FoxA. Importantly, at the sites of HNF4α–
FoxA cobinding, FoxA deletion also resulted in the loss
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of H3K4me1 and H3K27ac deposition—posttranslational
histone tail modifications associated with active enhanc-
ers. In addition, ATAC-seq analysis revealed that the
HNF4α–FoxA-cobound sites demonstrated reduced chro-
matin accessibility in FoxA-null livers. Taken together
with known FoxA roles in development, FoxA expression
is required for both the acquisition andmaintenance of ac-
cessible chromatin. Therefore, FoxA functions as the key
to open chromatin, which facilitates the binding of tran-
scriptional regulators, as well as a doorstop thatmaintains
the open euchromatic state. Once the FoxA doorstop is re-
moved, chromatin closes, preventing the binding of
transcriptional regulators, such as HNF4α, that drive ex-
pression of genes that define liver function (Fig. 1). Thus,
the expression of a significant cluster of hepatic genes is
likely dependent on FoxA to induce and maintain chro-
matin accessibility and for HNF4α to recruit transcrip-
tional complexes (Delaforest et al. 2019; Thakur et al.
2019).

The importance of epigenetic structure to define cell
identity and the capacity of pioneer factors to induce
wholesale changes to the chromatin profile mean that pi-
oneer factor misregulation contributes to numerous dis-
ease states. For example, overexpression of FoxA factors
is associated with progression of cancer (Dobersch et al.
2019). It will therefore be of interest to determinewhether
the reduced expression of FoxA factors in adult tissues can
cause epigenomic remodeling that has implications for
pathogenesis, including in chronic liver diseases and can-
cer progression.

Understanding the role of FoxA as both a pioneer and
settler factor is an important advance that impacts our un-
derstanding of pioneer factor function. It will be interest-
ing to see whether similar FoxA–HNF4α relationships
exist between other transcription factors within different
organs, such as the pancreas, or during specific develop-
mental stages. Moreover, it will be important to under-
stand whether the dual pioneer/settler role of FoxA
factors is the exception or the rule formammalian pioneer
factors and how the cell orchestrates reduction of accessi-
bility at sites previously bound by FoxA.
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Figure 1. Overview of the dual role of
FoxA as a pioneer and settler transcription
factor (A) FoxA functions as a pioneer fac-
tor during normal development, inducing
nucleosome repositioning, which allows
for binding of transcriptional regulators,
such as HNF4α. (B) Ablation of FoxA fac-
tors in the adult liver parenchyma results
in the loss of accessibility and active his-
tone modifications at FoxA-binding sites.
The changes in epigenetic structure pre-
vent the continued binding of HNF4α,
manifesting in the loss of hepatic identity.
(C ) In contrast to FoxA ablation, loss of
Zelda transcription factor expression does
not result in a loss of accessibility at sites
previously “opened” by Zelda-dependent

pioneer activity. Instead, the euchromatic chromatin state is maintained by settler transcription factors and the recruitment of tran-
scriptional machinery.
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