©2019. Published by The Company of Biologists Ltd | Development (2019) 146, dev178780. doi:10.1242/dev.178780

e Company of
‘Blologlsts

REVIEW

Unwinding chromatin at the right places: how BAF is targeted
to specific genomic locations during development

Patric J. Ho', Sarah M. Lloyd' and Xiaomin Bao'-23*

ABSTRACT

The BAF (SWI/SNF) chromatin remodeling complex plays a crucial role
in modulating spatiotemporal gene expression during mammalian
development. Although its remodeling activity was characterized in vitro
decades ago, the complex actions of BAF in vivo have only recently
begun to be unraveled. In living cells, BAF only binds to and remodels a
subset of genomic locations. This selectivity of BAF genomic targeting
is crucial for cell-type specification and for mediating precise responses
to environmental signals. Here, we provide an overview of the distinct
molecular mechanisms modulating BAF chromatin binding, including
its combinatory assemblies, DNA/histone modification-binding modules
and post-translational modifications, as well as its interactions with
proteins, RNA and lipids. This Review aims to serve as a primer for
future studies to decode the actions of BAF in developmental
processes.

KEY WORDS: BAF, SWI/SNF, Chromatin, DNA, RNA, Histone,
Transcription factor

Introduction

A complex higher organism, such as a human being, comprises a
myriad of morphologically and functionally distinctive cell types.
All of these cells contain the same genomic DNA, which underlies a
broad spectrum of developmental and physiological processes.
However, in a given cell at a given time, only a subset of these
genomic sequences is accessible to transcriptional machineries,
allowing highly specialized biological functions to be performed
across different cell types. The exact molecular mechanisms
governing this gene expression selectivity, which is vital for cell-
type specification, remain incompletely understood.

The majority of genomic DNA wraps around nucleosomes, which
not only package the genome but also serve as barriers to prevent
promiscuous transcription. The BAF (SWI/SNF) chromatin
remodeling complex, which uses energy from ATP hydrolysis to
actively reposition nucleosomes, is a crucial player for modulating
developmental processes. Indeed, altered BAF function is implicated
in many human diseases, including neurodevelopmental disorders and
different cancer types (Helsmoortel et al., 2014; Kadoch et al., 2013;
Mathur et al., 2017; Nakayama et al., 2017). The roles of BAF in
development and disease have been discussed in several recent
reviews (Alfert et al., 2019; Hodges et al., 2016; Hota and Bruneau,
2016). Here, we focus on the molecular mechanisms that contribute to
the specificity of BAF genomic targeting. We discuss different BAF
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combinatorial assemblies, various BAF modules that can bind to
histone modifications and DNA, transcription factors that can recruit
BAF to specific genomic sites, as well as the unique characteristics of
distinct BAF assemblies in genomic targeting. We also summarize the
impact of post-translational modifications, non-coding RNAs and
lipids on controlling BAF targeting. These fundamental molecular
mechanisms serve as the basis for understanding the actions of BAF in
regulating development and disease.

The composition and assembly of BAF

About 30 genes in the human genome have been identified thus far to
encode BAF subunits. These subunits are differentially expressed in
various cell types and assemble into biochemically stable complexes
ranging from 0.87 MDa to 1.41 MDa in size (Mashtalir et al., 2018).
Each BAF complex includes one ATPase catalytic subunit, BRG1
(SMARCA4) or BRM (SMARCA2), and several additional
regulatory subunits. Based on their distinct biochemical properties,
three major BAF assemblies have been described: canonical BAF,
PBAF and GBAF (sometimes termed non-canonical BAF). The
reported compositions of these BAF assemblies vary slightly in the
literature, as they can be influenced by different biochemical
purification strategies as well as by the specific cell type being
studied. Representative compositions are summarized in Fig. 1.

In mammals, the highly conserved canonical BAF complex
features BAF250A (ARID1A) or BAF250B (ARID1B). Loss of
Baf250a or Baf250b (Aridla and Arid1b) in mouse models leads to
early embryonic lethality (Celen et al., 2017; Lei et al., 2012),
indicating that both genes are essential for early development
despite their homology. In addition to BAF250A/B, BAF45B/C/D
(DPF1/2/3) is specific to canonical BAF (Middeljans et al., 2012).
The other subunits found in canonical BAF are shared with those
found in PBAF and/or GBAF; the functional features of these
subunits are discussed in more detail in later sections.

The PBAF complex was initially identified as ‘SWI/SNF complex
B’, which was observed to be distinct from canonical BAF (‘SWI/
SNF complex A’) based on the different salt concentration required to
elute the complex from a phosphocellulose column (Ward et al.,
1991; Xue et al., 2000). Notably, PBAF represents the BAF assembly
with the largest molecular weight. Four subunits are exclusive to
PBAF: BAF200 (ARID2), PBRM1 (BAF180), BAF45A (PHF10)
and BRD7 (Kadoch etal., 2013; Kaeser et al., 2008; Middeljans et al.,
2012; Wang et al., 1996).

The GBAF complex, which is named after its unique subunit
GLTSCRI1/1L, was recently isolated as a distinct BAF complex with
a smaller molecular weight. GBAF lacks four canonical BAF
subunits (BAF47, BAF57, BAF170 and BAF250) but features the
unique incorporation of GLTSCRI1/IL and BRD9 (Alpsoy and
Dykhuizen, 2018).

Recent elegant biochemical experiments have provided key insights
into how these different BAF complexes are assembled inside living
mammalian cells (Mashtalir et al., 2018). The earliest assembled
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Fig. 1. BAF complex composition and assembly. Schematic representation of the subunit composition and assembly of canonical BAF, PBAF and GBAF (also

called non-canonical BAF). The core subunits are indicated in gray, the subunits

of the ATPase module are indicated in beige, and the unique subunits

pertaining to each complex are highlighted with different colors (red for BAF, blue/purple for PBAF and green for GBAF). Exact subunit composition appears to
influenced by the specific cell type as well as by the complex purification method. As such, the images shown here are simplified representations that

attempt to accommodate recent findings.

subunits are the BAF155/170 (SMARCC1/2) dimers, consistent with
studies showing that loss of both BAF155 and BAF170 leads to
complex destabilization (Chen and Archer, 2005; Narayanan et al.,
2015; Sohn et al., 2007). BAF60 then binds to this initial dimer where
it can diverge towards GBAF by integrating GLTSCR1/1L or towards
the two larger BAF assemblies by incorporating BAF47 and BAF57.
BAF200 or BAF250 is subsequently added to further distinguish
between canonical BAF and PBAF. Notably, the ATPase BRG1/BRM
forms a module together with B-actin (ACTB), BAF53A/B
(ACTL6A/B), BCL7A/B/C and SSI8/L1 to finalize the assembly
process for canonical BAF, and PBRMI1 is further added as the last
subunit for PBAF. As purified ATPase alone can remodel nucleosomes
in vitro (Phelan et al., 1999), its late addition as a module is likely to be
a mechanism for preventing promiscuous chromatin remodeling.

BAF subunit gene expression varies across different cell types,
thereby contributing to distinct and cell-specific representations of
canonical BAF, PBAF and GBAF. Further complexity is provided
by subunits that are encoded by multiple genes, including BAF45A/
B/C/D, BAF60A/B/C and BCL7A/B/C (Fig. 2). Likewise, the
BAF53 subunit can be encoded by BAF53A (ACTL6A) or
BAF53B (ACTL6B), with the latter being highly restricted to
differentiated neurons (Lessard et al., 2007). The tissue-specific
expression of distinct BAF subunits is instrumental for cell type-
specific gene expression. For example, BAF60C is highly expressed
in muscle cells, but not in keratinocytes (Bao et al., 2013; Forcales
et al., 2012; Lickert et al., 2004). This is in agreement with the
findings that BAF60C is specifically expressed in the heart and
somites of early developing embryos, and is required to recruit BAF
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Fig. 2. Relative expression of BAF genes in distinct cell types. Cartoon illustration showing the relative expression of BAF subunits in different cell types.
Different font sizes indicate the relative gene expression, based on RNA-seq data generated by the Roadmap Epigenomics Project (Kundaje et al., 2015); larger
font size indicates a higher expression level. The expression of each BAF gene is normalized based on the total expression of all BAF subunits across these cell
types. The relative expression is calculated using the ratio of normalized expression versus the average expression of each BAF gene.

to heart-specific enhancers (Lickert et al., 2004). The unique
combinatory assemblies of BAF — merging various nucleosomal
recognition modules of BAF subunits and producing unique
interacting surfaces for other molecules — can strongly influence
the binding selectivity as well as the functionality of BAF
complexes across the genome (Fig. 3).

Nucleosome-binding modules of canonical BAF

Recognition of specific histone modifications

The canonical BAF complex features two plant homeodomain
(PHD) fingers in BAF45, a bromodomain in BRG1/BRM, as well
as two chromodomains in BAF155 and BAF170. These modules
enable BAF to recognize specific post-translational modifications
on histone tails, such as acetylation and methylation (Fig. 4).

The tandem PHD fingers in BAF45 allow this single subunit to
simultaneously sample two post-translational modifications on the
same histone tail to modulate BAF binding. In canonical BAF, BAF45
can be encoded by BAF45B (DPF1), BAF45C (DFP3) or BAF45D
(DPF2). The PHD fingers in BAF45B and BAF45D are highly similar
(~90% similarity), but they are more divergent in BAF45C (~40%
similarity). Based on in vitro peptide assays, the double PHD finger of
BAF45C was initially found to recognize H3K14 acetylation in
combination with unmethylated H3K4 (Zeng et al., 2010). It was
subsequently identified that H3K4 monomethylation, but not
trimethylation, can also be accommodated by the PHD fingers of

BAF45C to augment BAF binding at enhancers (Local etal., 2018). In
the same study, BAF45D was found to associate with H3K4mel in a
similar way to BAF45C, although in vitro evidence further revealed
higher affinity of BAF45D towards crotonylated H3K14 than to
acetylated H3K14 (Xiong et al., 2016). Considering the sequence
differences between the PHD fingers in BAF45C and BAF45D, it is
not impossible to imagine that these two proteins recognize different
histone modifications. However, a side-by-side comparison using the
same techniques and experimental conditions is still currently lacking.

The bromodomain in BRGI/BRM is highly conserved in
eukaryotes. This domain is capable of recognizing histone
acetylation in vitro in the context of histone-tail peptides and
reconstituted nucleosomes (Agalioti et al., 2002; Morrison et al.,
2017; Shen et al., 2007). However, the role of this bromodomain in a
cellular context in vivo, and in developmental processes, still remains
controversial. A mutation in the bromodomain of BRM, which
abolishes its interaction with histone acetylation, weakens BRM-
chromatin association based on fluorescence recovery after
photobleaching (FRAP) assays in cultured cells pre-treated with an
HDAC inhibitor (Fedorov et al., 2015; Sutherell et al., 2016); however,
a bromodomain mutation in BRG! does not appear to alter its global
chromatin association based on differential salt extraction (Morrison
etal., 2017). Deletion of the bromodomain in the Drosophila homolog
also does not appear to noticeably affect viability or fertility (Elfring
et al., 1998). Yet a recently developed bromodomain inhibitor for
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BRGI (PFI-3), which also has cross-reactivity with a bromodomain in
the PBAF-specific subunit PBRM1, was shown to induce embryonic
and trophoblast stem cell differentiation (Fedorov et al., 2015).
Interestingly, several phosphorylation sites near this bromodomain
have been identified to regulate BAF binding to specific sites,
suggesting that this bromodomain may play a role in sensing specific
cellular signals rather than being essential for general BAF chromatin
association. These phosphorylation sites are discussed in more detail
in a later section.

Diverse use of DNA-binding domains
A total of seven canonical BAF subunits contain DNA-binding
domains, with those in BAF47, BAF57, BAF250 and BRG1/BRM
having been experimentally tested. BAF155, BAF170 and BAF45
also feature domains with putative DNA-binding capacities (Fig. 4).
BAF47 features an N-terminal winged-helix DNA-binding
domain that is characterized by a helix-turn-helix motif followed
by a B-hairpin, with the loop in the hairpin constituting a ‘wing’
(Allen et al., 2015). Nuclear magnetic resonance (NMR) analysis
indicates that the BAF47 winged-helix domain can strongly bind to
double-stranded DNA in vitro. Consistent with this observation,
biallelic inactivation of BAF47 in malignant rhabdoid tumors and
epithelioid sarcomas significantly impairs BAF chromatin binding
without affecting complex stability; re-expression of BAF47 drives

types. A simple schematic of a ChIP-
seq workflow is also included on the
| left side of the heatmap. Darker shade
of blue indicates enrichment of BRG1
binding. The heatmap is clustered into
five groups according to K-means.
Groups I-IV demonstrate BRG1-
binding sites that are highly specific to
the individual cell types, while group V
represents BRG1-binding sites that
are shared among multiple cell types.
The raw data were acquired from
previously published studies
(Abraham et al., 2013; Bao et al.,
2015; Barutcu et al., 2016; Rada-
i lglesias etal., 2011) and were
normalized based on sequencing
depth.

Relative ChIP-seq
enrichment

genome-wide gain of BAF binding, especially at enhancers and
bivalent promoters (Nakayama et al., 2017). These pieces of
evidence suggest that the DNA-binding capacity of BAF47 is likely
to be crucial for stabilizing BAF chromatin association at enhancers
and promotors.

BAF250A (ARID1A) and BAF250B (ARID1B), which are
mutually exclusive in canonical BAF assembly, contain AT-rich
interacting domains (ARIDs) that share 90% similarity. Crosslinking
mass spectrometry of BAF purified from human cells identified
minimal association of this ARID with other BAF subunits,
suggesting that it plays a primary role in DNA binding rather than
in complex assembly (Mashtalir et al., 2018). Despite its name, this
domain has no strong preference towards AT-rich DNA sequences
(Dallas et al., 2000; Nie et al., 2000; Wilsker et al., 2004). BAF250A
itself has been found to be essential for sustaining global BAF
chromatin association in colorectal carcinoma cell lines, where
depletion of BAF250A strongly impairs BAF occupancy at
enhancers (Mathur et al., 2017). Strikingly, a single point mutation
in the BAF250A ARID domain (V1068G) is sufficient to disrupt BAF
binding in vitro and also in vivo in mice, where it results in heart and
extra-embryonic vasculature defects followed by embryonic lethality
by E13.5 (Chandler et al., 2013). In the context of BAF250A loss, the
binding of BAF250B-containing BAF to chromatin remains intact at
distinct sites to preserve residual BAF binding (Mathur et al., 2017),
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consistent with observations that BAF250B is a synthetic lethal
vulnerability in BAF250A-deficient cancers (Helming et al., 2014).
Taken together, these studies suggest that the ARID domain
in BAF250A/B is essential for mediating BAF targeting to
regulatory regions.

The HMG domain in BAF57 (SMARCET!) was actually the first
identified DNA-binding domain in BAF. This domain has high
affinity in vitro for cruciform DNA, a four-way-junction DNA
structure that mimicks the topology of DNA as it enters and exits the
nucleosome (Wang et al., 1998). Expression of a BAF57 mutant with
a deleted HMG domain impairs T cell sub-lineage specification
during thymic development, dysregulating both CD4 gene activation
as well as CD8 suppression without affecting BAF binding (Chi et al.,
2002). Thus, it is likely that this HMG DNA-binding domain plays a
role in modulating gene expression instead of controlling site-specific
BAF binding.

The catalytic subunit BRG1/BRM includes at least three regions
with DNA-binding capacity, including a helicase ATPase core, a
surface basic patch and an AT-hook DNA-binding motif (Bourachot
et al., 1999; Han et al., 2014; Morrison et al., 2017). The helicase
ATPase core alone displays high affinity for chromatinized, but not
naked, DNA in vitro (Han et al., 2014). The AT-hook motif in
BRG1/BRM, which is sandwiched between the ATPase core and
the bromodomain, has HMG-like DNA-binding properties with
higher affinity for linear DNA than cruciform DNA in vitro
(Bourachot et al., 1999; Singh et al., 2006). In addition, a surface
basic patch identified within the bromodomain of BRG1/BRM
displays affinity for both linear and nucleosomal DNA in vitro,
although this region does not appear to be essential for global BAF
chromatin targeting when tested using differential salt extraction
(Morrison et al., 2017). Thus, the BAF catalytic subunit alone
features multivalent DNA-binding capacity through different
regions that can cooperate to enhance BAF binding and function.

In addition to these experimentally characterized DNA-binding
domains, several BAF subunits feature putative DNA-binding
domains based on functional prediction. For example, BAF155 and

BAF170 include leucine zipper, SANT and SWIRM domains,
while BAF45B/C/D feature a Kriippel-like zinc-finger motif.
The essentiality of these potential DNA-binding activities in the
genome-wide association of BAF complexes still remains to be
characterized in cellular and developmental contexts.

Distinct nucleosome-binding activities of PBAF and GBAF
Unique chromatin association mechanisms of PBAF

PBAF is highly conserved in eukaryotes from yeast, fly and worm to
human, and shows distinct biological functions and chromatin
association patterns from canonical BAF. Its yeast counterpart, RSC,
is essential for mitotic growth (Cairns et al., 1996). In C. elegans,
PBAF is required for gonad development (Shibata et al., 2011). In
Drosophila, PBAF (termed PBAP) and the canonical complex
localize to both distinct and overlapping bands on polytene
chromosomes (Mohrmann et al., 2004), with PBAP being essential
for eggshell formation and metamorphosis (Carrera et al., 2008).
Similarly in mammals, PBAF and canonical BAF localize to distinct
and overlapping regions (Nakayama et al., 2017; Raab et al., 2015;
Wei et al., 2018). Furthermore, salt fractionation experiments suggest
that PBAF binds more tightly to chromatin than does canonical
BAF (Porter and Dykhuizen, 2017). PBAF-specific subunits are
implicated in multiple developmental processes in mammals,
including cardiovascular development, glucose metabolism and
osteoblast differentiation (Kim et al., 2016; Wang et al., 2004; Xu
et al., 2012). Thus, these findings indicate that PBAF plays distinct
roles from canonical BAF in development. But what confers the
specific genomic binding patterns of PBAF? As we highlight below,
recent studies indicate that the protein/DNA-binding properties of
subunits that are unique to PBAF may play a role.

PBRMI, a key defining subunit of PBAF, boasts a total of six
tandem bromodomains. Functional dissection of these bromodomains
indicates that at least five of them contribute to PBAF chromatin
binding, with the second bromodomain being the most crucial (Porter
and Dykhuizen, 2017). The second bromodomain can recognize
acetylated or propionylated H3K 14 peptides in vitro (Kebede et al.,
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2017; Porter and Dykhuizen, 2017). When multiple lysines are
acetylated within the same H3 peptide (H3K 14, K18, K23 and K27),
the affinity of this peptide for PBRM1 is strongly increased (Porter and
Dykhuizen, 2017). These pieces of evidence suggest that the
bromodomains function cooperatively to recruit PBAF to highly
acetylated chromatin regions. In addition to the bromodomains,
PBRMI1 includes a highly conserved HMG domain (Xue et al., 2000),
which is predicted to bind to nucleosomal DNA.

BAF200 is another subunit unique to PBAF that shares ~16%
similarity with BAF250A and BAF250B. BAF200 is essential for
PBAF assembly and acts by stabilizing the incorporation of PBRM1
(Yan et al., 2005). BAF200 contains an ARID domain, an RFX DNA-
binding domain and two zinc fingers. The ARID domain, which is
similar to the one in BAF250A/B, does not appear to recognize specific
DNA sequences in vitro (Patsialou et al., 2005). It is unclear how these
domains contribute to the specific genomic targeting of PBAF.

The bromodomain protein BRD7, which is also unique to PBAF,
can bind to the H3K 14ac peptide in vitro (Cong et al., 2006) and can
also recognize acetylation on non-histone proteins. A recent study
revealed a very interesting phenomenon with regard to the BRD-
mediated association of PBAF versus BAF with chromatin. This
study showed that, in f cells, both BRD7 and BRD9 recognize and
bind to acetylated (K91Ac) vitamin D receptor (VDR). However,
association with BRD9 corresponds to an inactive state. The ligand
vitamin D then shifts the binding of VDR to BRD7, which recruits
PBAF to promote chromatin accessibility and enhancer activation in
response to inflammatory stress (Wei et al., 2018).

BAF45A is also recognized as a PBAF-specific subunit
(Middeljans et al., 2012). A winged-helix domain is unique to
BAF45A, but is absent in other BAF45B/C/D proteins (Allen et al.,
2015). BAF45A also lacks the C2H2-type Kriippel-like zinc-finger
motif that is present in the other BAF45 proteins. These features may
underlie the essentiality of BAF45A in maintaining hematopoietic
stem cells and neural stem cells, whereas BAF45B/C are associated
with tissue differentiation (Krasteva et al., 2017; Lessard et al., 2007).

Unique characteristics of the GBAF complex

The GBAF complex defines a smaller, non-canonical BAF complex
in which GLTSCRI1 or its paralogue GLTSCRIL is the defining
subunit. These two proteins share only 33% similarity; however,
both of them contain a GLTSCR domain, which serves as a GBAF-
specific binding region required for association with other GBAF
subunits (Michel et al., 2018).

When compared with canonical BAF, GBAF localizes to both
distinct and shared genomic regions. GBAF is more enriched at
sites marked with H3K4me3, and it also uniquely localizes to
topologically associating domain (TAD) boundaries (Gatchalian
etal., 2018; Michel et al., 2018). In BAF-perturbed synovial sarcoma
and malignant rhabdoid tumors, GBAF is necessary to maintain gene
expression at retained promoter-proximal and CTCF sites. Through
the study of these BAF47-deficient tumors, GBAF-specific subunits
were identified as synthetic lethal cancer targets that can significantly
attenuate cell proliferation (Michel et al., 2018).

The bromodomain protein BRD9 was recently recognized as a
component of the GBAF complex (Alpsoy and Dykhuizen, 2018;
Gatchalian et al., 2018; Michel et al., 2018; Wang et al., 2019).
Among several inhibitors developed for targeting BRD9, dBRD9
was found to selectively target and chemically degrade BRD9, but
not BRD4 or BRD7 (Remillard et al., 2017). BRD9 inhibition or
knockdown impairs GBAF genomic targeting, indicating that
BRD?9 is a key mediator in facilitating GBAF chromatin association
(Gatchalian et al., 2018; Michel et al., 2018). Although BRD9 can

bind to acetylated or butyrylated histone peptides in vitro (Flynn
et al., 2015), its direct targets in vivo still remain incompletely
understood. One target, in addition to VDR (as mentioned above),
could be BRD4. In mouse embryonic stem cells (ESCs), BRD9
chromatin binding is impaired in the presence of the BRD4 inhibitor
JQI1 or the BRDY inhibitor I-BRD9 (Gatchalian et al., 2018;
Theodoulou et al., 2016), suggesting a model whereby BRD9
associates with BRD4 to tether GBAF to chromatin. As GLTSCRI1
can also interact with BRD4 (Rahman et al., 2011), it remains to be
confirmed whether BRD9 or GLTSCRI1 bind directly to BRD4.

The association of BAF with transcription factors

General and cell-type specific transcription factors

The transactivator GAL4 was identified as one of the first
BAF-interacting transcription factors. GAL4, which comprises a
sequence-specific DNA-binding domain and an acidic transactivation
domain, can recruit BAF to elicit site-specific nucleosome eviction in
both yeast and mammalian cells (C6té et al., 1994; Kwon et al., 1994).
A number of additional transcription factors containing a
transactivation domain have subsequently been identified as BAF
interactors that harbor the ability to recruit BAF to distinct genomic
sites and drive specific developmental processes. Below (and in
Table 1), we provide some examples of such factors and discuss how
they modulate BAF recruitment and activity.

A subset of the ubiquitously expressed activating protein 1 (AP1)
transcription factors can interact with BAF. AP1 factors function as
dimers of JUN, FOS, ATF or MAF family proteins. Based on in vitro
studies, BAF60A (SMARCDI1) can bind to FOS/JUN, but not to
FOS-related antigen 2 (FRA2)/JUND heterodimers (Ito et al., 2001).
This selectivity has been corroborated in a recent study in which BAF
was found to interact with FOS heterodimers, but not with JUND
homodimers (Vierbuchen et al., 2017). Notably, FOS but not
JUN possesses a C-terminal transactivating domain. These FOS-
containing AP1 dimers cooperate with other lineage-specific
transcription factors and recruit BAF to cell-type-specific enhancers.

BAF has also been reported to interact with the CCAAT enhancer-
binding protein (C/EBP) family of transcription factors. C/EBPa is
expressed across many tissue types and functions as a lineage-
instructive transcription factor. It features a total of three transactivation
elements. Domain mapping analysis identified that transactivation
element 3 (TE-III) of C/EBPa is both necessary and sufficient to
interact with BAF, and is also essential for promoting adipogenesis and
for activating myeloid-specific genes (Pedersen et al., 2001). In the
same C/EBP family, C/EBPB, which features a complex N terminus
transactivation domain, was found to be essential for mediating BAF-
dependent myeloid gene activation (Kowenz-Leutz and Leutz, 1999).
Furthermore, the interaction between C/EBPe and BAF was reported to
regulate neutrophil granulocyte differentiation, through direct binding
to BAF60B (Priam et al., 2017; Witzel et al., 2017).

The tumor suppressor p53, which features a transactivation
domain in its N terminus, can interact and recruit BAF even when
p53 is mutated in cancer (Guan et al., 2011; Lee et al., 2002; Pfister
et al., 2015). The BAF subunit directly mediating this interaction
was identified as BAF60A (Oh et al., 2008). Using a human ovarian
epithelial cell line, p53 was found to directly recruit BAF to the
promoters of p53 target genes, including CDKNIA and SMAD3
(Guan et al., 2011). In breast cancer cells, mutant p53 (R282W)
recruits BAF to activate VEGFR2 (Pfister et al., 2015), a key
receptor for promoting angiogenesis. In differentiated keratinocytes,
BAF binding is highly enriched at binding sites for p63 (Bao et al.,
2015), a p53 family member that acts as a master transcriptional
regulator of epidermal keratinocytes. Knockdown of p63 reduces
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Table 1. Examples of BAF-interacting transcription factors

Direct
interacting
Transcription factors subunit Characterized biological processes References
Glucocorticoid BAF57 and Upon ligand activation, GR recruits BAF to a subset of its target sites. A Hoffman et al. (2018); Hsiao et al. (2003);
receptor (GR) BAF60A distinct subset of GR sites is pre-established by the interaction between Johnson et al. (2018); Nie et al. (2000)
BAF and other transcription factors.
Androgen receptor  BAF57 Upon ligand activation, AR recruits BAF to promote AR-dependent cell Link et al. (2005)
(AR) proliferation in prostate cancer cells.
Estrogen receptor BAF57 Upon ligand activation, ER recruits BAF to estrogen-responsive genes. Belandia et al. (2002); DiRenzo et al.
(ER) (2000); Garcia-Pedrero et al. (2006)
FOS Unclear FOS-containing AP1 cooperates with other lineage-specific transcription ~ Vierbuchen et al. (2017)
factors and recruits BAF to cell type-specific enhancers.
GATA3 Unclear GATAS3 acts as a pioneer factor and recruits BAF in the mesenchymal-to- Takaku et al. (2016)

epithelial transition model of breast cancer cell lines.
Expression of GATA4, TBX5 and BAF60C promotes transdifferentiation of Takeuchi and Bruneau (2009)
mouse mesoderm to contracting cardiomyocytes.

GATA4 and TBX5  BAF60C

OCT4 Unclear The pioneer factor OCT4 recruits BAF to target sites to promote accessible Ho et al. (2009); King and Klose (2017)
chromatin and the binding of additional pluripotency factors in mouse
embryonic stem cells.
C/EBPa Unclear C/EBPuw interacts with BRM, and the interacting domain (TE-IIl) is important Pedersen et al. (2001)
for adipocyte differentiation and for activating myeloid-specific genes.
C/EBPB Unclear The N-terminal transactivation domain of C/EBP recruits BAF to activate a Kowenz-Leutz and Leutz (1999)
subset of myeloid genes such as mim-1.
C/EBPe BAF60B C/EBPs interacts with BAF60B, but not BAF60A, in promoting granulocyte Priam et al. (2017); Witzel et al. (2017)
maturation.
p53 BAF60A Both wild-type and mutant p53 can recruit BAF to their target genes to Guan etal. (2011); Oh et al. (2008); Pfister
activate transcription. et al. (2015)
p63 Unclear P63 cooperates with BAF in chromatin binding and promoting keratinocyte Bao et al. (2015)
differentiation.
PDX1 Unclear PDX1 recruits BRG1- or BRM-containing BAF to antagonistically modulate McKenna et al. (2015)
gene expression in B cells in response to different glucose concentrations.
EBF2 BAF45C EBF2 directly activates BAF45C expression through an intronic enhancer, Shapira et al. (2017)
and also recruits BAF to activate brown-fat-specific genes.
PAX6 Unclear PAX®6 interacts with BRG1-containing BAF to maintain the core transcription Ninkovic et al. (2013)
network in neuroblasts.
FOXD3 Unclear FOXD3 simultaneously recruits BAF and HDAC1/2 to prime enhancers by Krishnakumar et al. (2016)
both establishing and repressing enhancer activity in embryonic stem
cells.
OLIG2 Unclear OLIG2 directs BAF to oligodendrocyte-specific enhancers to activate Yu et al. (2013)
expression of myelination-associated genes and promote
oligodendrocyte differentiation.
RELB BAF45D In response to EDA signaling, RELB recruits BAF to the promoters of direct Sima et al. (2018)
EDA target genes during skin appendage formation.
EKLF Unclear Recruits BRG1-containing BAF to the promoters of erythroid-specific genes Armstrong et al. (1998)

such as B-globin to cooperatively remodel nucleosome positioning and
activate transcription in vitro.

Recruit BRG1 to nucleosomes, flanking the enhancers that are crucial for Laurette et al. (2015)
melanocyte lineage specification.

MITF and SOX2 Unclear

MYOD BAF60C MYQOD directly recruits BAF60C to chromatin before the incorporation of Forcales et al. (2012); Simone et al.
BRG1. BAF60C phosphorylation mediates subsequent BRG1 (2004)
recruitment.

USF1 BAF60C In response to insulin, BAF60C phosphorylation promotes its interaction with  Wang et al. (2013)
USF1 to activate lipogenic genes in liver cells.

PPARYy BAF60C Interaction in vitro. Also tested in a reporter assay (CV-1 cells). Debril et al. (2004)

RORa1 BAF60C Interaction in vitro. Also tested in a reporter assay (CV-1 cells). Debril et al. (2004)

RXRo BAF60C Interaction in vitro. Debril et al. (2004)

NR5A2 BAF60C Interaction in vitro. Debril et al. (2004)

NR5A1 BAF60C Interaction in vitro. Debril et al. (2004)

FXR BAF60C Interaction in vitro. Debril et al. (2004)

SREBP1a BAF60C Interaction in vitro. Debril et al. (2004)

JUN BAF60C Interaction in vitro. Debril et al. (2004)

PBX1 BAF60C Interaction in vitro. Debril et al. (2004)

BAF binding at these sites and BRG1/BRM knockdown also
impairs p63 binding, suggesting cooperative binding between BAF
and p63. RNA-sequencing (RNA-seq) analysis has further revealed
that epidermal differentiation is suppressed following knockdown
of either BRG1/BRM or p63 (Bao et al., 2015), suggesting that the

interaction between BAF and a lineage-specific transcription factor
is essential for activating terminal tissue differentiation.

Multiple lineage-specific transcription factors with transactivation
domains have been reported to interact with BAF in other specialized
cell types. In islet B cells, for example, PDX1 recruits BAF to target
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genes where BRG1- and BRM-BAF complexes dynamically interact
with PDX1 and antagonistically modulate gene expression dependent
on high versus low glucose concentrations (McKenna et al., 2015). In
ESCs, OCT4 — a transcription factor that contains two transactivation
domains in its N and C termini — recruits BAF to its target sites to
promote chromatin accessibility in regulating the pluripotency network
(King and Klose, 2017). This is in agreement with previous
observations that BAF colocalizes extensively with pluripotency
transcription factors, including OCT4, at a genome-wide level (Ho
et al., 2009). In brown adipocytes, EBF2 directly interacts with
BAF45C and recruits BAF to activate brown-fat-specific genes
(Shapira et al., 2017). GATA3, which is a key regulator of T
lymphocyte development and mammary epithelial cell differentiation,
was found to recruit BRG1 to GATA3-bound chromatin motifs in
multiple breast cancer cell lines, promoting the expression of genes
associated with mesenchymal-to-epithelial transition (MET). Notably,
GATA3 lacking an N-terminal transactivating domain can still bind to
chromatin but is no longer able to recruit BAF and generate accessible
chromatin (Takaku et al., 2016).

TBX5 and GATA4, which are two transactivators that function
cooperatively in cardiogenesis (Ang et al., 2016), have also been
identified as BAF-interacting transcription factors. The ectopic
expression of TBXS and GATA4 together with BAF60C in cultured
mouse embryos is sufficient to transdifferentiate mesoderm into
beating cardiac myocytes (Takeuchi and Bruneau, 2009). In this
context, BAF60C is required for the binding of GATA4 to cardiac
loci in order to initiate the cardiac program, where TBXS5 is then
required for full differentiation into contracting cardiomyocytes.
PAX6 also physically interacts with BAF and enhances the
expression of neurogenic transcription factors, forming a cross-
regulatory network and driving a neurogenic fate (Ninkovic et al.,
2013). In melanocytes, MITF and SOX2 recruit BAF to MITF-
associated enhancers (Laurette et al., 2015). In addition, erythroid
Kriippel-like factor (EKLF) can also recruit BRG1, but not BRM, to
the promoters of erythroid-specific genes such as B-globin to
cooperatively remodel nucleosome positioning and activate
transcription in vitro (Armstrong et al., 1998). These studies
underscore the crucial roles of BAF recruitment by specific
transcription factors in cell fate determination and differentiation.

Notably, not all transcription factors with transactivation domains
can directly recruit BAF. The Rel/NF-xB family transcription factor
RELB, a potent transactivator, requires a specific linker protein TRK-
fusion gene (TFG) to recruit BAF to the promoters of ectodysplasin A
(EDA) targets in response to signaling during skin appendage
formation. TFG directly interacts with BAF45D (Sima et al., 2018).
Thus, the ‘transactivation domain’ itself is not necessarily sufficient to
mediate direct interactions between BAF and transcription factors. It
has also been shown that transcription factors without a transactivation
domain can interact with BAF. One example is the helix-loop-helix
transcription factor Olig2, which can recruit BAF to myelination-
associated genes to control oligodendrocyte differentiation (Yu et al.,
2013). Another example is FOXD3, which serves as a priming factor
during the process of ESC differentiation into epiblast cells, and
recruits BRG1 and HDAC1/2 to FOXD3-binding motifs at enhancers
to simultaneously promote nucleosome depletion and suppress
maximal activation (Krishnakumar et al., 2016). These findings
indicate that a transactivation domain is not always essential to mediate
an interaction between BAF and transcription factors.

Association with nuclear hormone receptors
Nuclear hormone receptors are a group of specialized transcription
factors that, when activated by their respective ligands, bind to

specific DNA sequences via two zinc fingers in their DNA-binding
domain. Both BAF57 and BAF60 have been reported to directly
interact with nuclear hormone receptors.

In yeast, the glucocorticoid receptor (GR) was the first example
of a nuclear hormone receptor that co-immunoprecipitated with a
BAF subunit, namely swi3 — the yeast homolog of BAF155/170
(Yoshinaga et al., 1992). This phenomenon was subsequently
confirmed in mammalian cells leveraging a chromosome-
integrated mouse mammary tumor virus (MMTV) promoter, with
multiple classes of nuclear hormone receptors being identified as
BAF-interacting partners (Fryer and Archer, 1998). BAF57 and
BAF60A were then both found to directly mediate the interactions
between BAF and GR (Hsiao et al., 2003; Nie et al., 2000). Using
an ultrafast ultraviolet laser crosslinking assay in vitro, the binding
kinetics of GR and BAF to chromatin were found to be highly
transient and periodic. This process is initiated by GR binding and
is followed by BAF recruitment and transient nucleosome
remodeling. Chromatin then reverts to its initial state and the
cycle repeats (Nagaich et al., 2004). This study suggests that the
continuous cooperation between BAF and transcription factors, as
well as the repetitive ATP-driven remodeling action of BAF, are
required to actively maintain genome accessibility. Using imaging
approaches, BAF recruitment was also observed to be regulated in a
hormone-dependent manner (Johnson et al., 2008). Recent
genome-wide analyses have further uncovered the complexity of
BAF-GR interactions at their ‘native’ binding sites. These highlight
that, while GR can indeed recruit BAF to remodel nucleosomes at a
subset of binding sites, a different subset of GR binding sites is pre-
established by the interaction between BAF and other pioneer
factors (Hoffman et al., 2018; Johnson et al., 2018), revealing the
complexity of BAF recruitment in the presence of multiple
transcription factors in a cellular context.

BAF also interacts with androgen receptor (AR) or estrogen
receptor (ER) in specialized cell types. The BAF57 subunit, which is
unique to mammals, directly mediates the interaction between AR/
ER and BAF. In prostate cancer cells, BAF is recruited to AR targets
through BAF57 upon ligand activation, promoting AR-dependent
cell proliferation (Link et al., 2005). In breast cancer cells, BAF is also
recruited by ER through its hormone-binding domain, as well as
through a DNA-binding region to estrogen-responsive promoters, in a
similar ligand-dependent manner (Belandia et al., 2002; DiRenzo
et al., 2000; Garcia-Pedrero et al., 2006).

In addition, BAF60C has been identified to interact with several
other nuclear receptors in vitro, including peroxisome proliferator-
activated receptor y (PPARY), bile acid receptor farnesoid X receptor
(FXR), retinoic acid-related orphan receptor ol (RORal), the liver
receptor homolog 1 (LRH-1 or NR5A?2) and the steroidogenic factor
1 (SF1 or NR5AL1) (Debril et al., 2004). Whether these interactions
also occur, and control BAF targeting, in cells in vivo still remains
unclear.

Other mechanisms modulating BAF targeting

Global or site-specific modulation by post-translational modifications
Post-translational modifications play crucial roles in modulating
how proteins interact with RNA, DNA and other proteins. To date,
phosphorylation, ubiquitylation and methylation have all been
identified as post-translational modifications that occur on the BAF
complex and modulate its activity. Phosphorylation marks crucial
switches that influence global or site-specific BAF targeting,
arginine methylation modulates a subset of BAF targeting sites and
ubiquitylation degrades excess BAF subunits to encourage the
targeting of intact BAF complexes.
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High levels of phosphorylation have been identified on both
BRG1 and BRM during mitosis in HeLa cells. This mitotic
phosphorylation was found to not only weaken BAF chromatin
association (Muchardt et al., 1996), but also to inactivate BAF
catalytic activity (Sif et al., 1998). In in vitro assays, ERK1 can
efficiently phosphorylate and inactivate BAF, while PP2A can de-
phosphorylate and re-activate BAF (Sif et al., 1998); however, the
true identities of the kinase(s) and phosphatase(s) controlling BAF
phosphorylation in vivo during the cell cycle still remain unclear.

The ATM kinase, which plays a key role in the DNA damage
response, also phosphorylates BRG1 (at serine 721). This stimulates
BRG1 nucleosome binding by enhancing affinity of the BRG1
bromodomain for H3K14ac. Moreover, phosphorylated BRG1
forms a repair foci that colocalizes with y-H2Ax. This transient
phosphorylation of BRG1 is essential for DNA damage repair, as
mutation of serine 721 to an alanine results in defective double-
stranded break repair (Kwon et al., 2015).

In skeletal muscle cells, multiple phosphorylation events on BAF
have been identified. For example, BRG1 in proliferative myoblasts is
phosphorylated by protein kinase C BI (PKCBI) on residues flanking
the bromodomain, which inhibits BAF association with the myogenin
promoter. During differentiation, the phosphatase calcineurin opposes
PKCBI function and de-phosphorylates BAF. This phenomenon
promotes the binding of BAF to the myogenin promoter and activates
myogenic gene expression (Nasipak et al., 2015). BRG1 also interacts
with casein kinase 2 (CK2) in myoblasts. Phosphomimetic mutations
on the predicted CK2 phosphorylation sites of BRG1 impair both cell
proliferation and viability by inhibiting BAF binding to the Pax7
promoter (Padilla-Benavides et al., 2017).

Phosphorylation also occurs on the regulatory subunits of BAF.
BAF60C phosphorylation, for example, plays critical roles in terminal
differentiation. During skeletal myogenesis, BAF60C independently
forms a preassembled complex with the muscle-specific transcription
factor MyoD. Subsequently, p38c/f phosphorylates BAF60C at
threonine 229, which then promotes BAF recruitment to the regulatory
regions of myogenic genes (Forcales et al., 2012; Simone et al., 2004).
Similarly, BAF60C is phosphorylated at serine 247 by atypical protein
kinase C (aPKC) in liver cells in response to insulin. This
phosphorylation event causes BAF60C to translocate to the nucleus
and interact with upstream stimulatory factor 1 (USF1), which
subsequently recruits BAF to lipogenic genes to activate gene
expression (Wang et al., 2013).

BAF can also be regulated by methylation. BAF155 was
identified as a substrate of the arginine methyltransferase CARM1
in breast cancer cell lines. In particular, methylation of BAF155 at
arginine 1064 was found to be a biomarker for cancer recurrence
and metastasis. This arginine methylation is crucial for directing
BAF to specific targets, including MYC pathway genes (Wang
et al., 2014). BAF155 mRNA is also regulated by methylation. In
the developing mouse cortex, the m6A methyltransferase RBM15
interacts with BAF155 mRNA to regulate BAF155 expression
levels, which in turn control the expression of adherens junction
genes (Xie et al., 2019).

In addition to phosphorylation and methylation, ubiquitylation
has been identified on several BAF subunits, and several E3
ubiquitin ligases have been shown to interact with BAF complex
subunits. TRIP12 interacts with BAF57 (Keppler and Archer,
2010), Unkempt interacts with BAF60B (Lores et al., 2010), and
CHFR interacts with BRG1, BAF47 and BAF60A (Jung et al.,
2012). In these studies, ubiquitylation was shown to lead to
degradation of BAF subunits that are not incorporated into the
complex, suggesting a potential mechanism to inhibit binding of

individual BAF subunits to chromatin when they are not integrated
in the BAF complex.

Recruitment or antagonism by non-coding RNAs

In addition to protein-protein interactions, BAF chromatin targeting
can be regulated by interactions with non-coding RNAs (Fig. 5).
The long non-coding RNA, IncTCF7, which is highly expressed in
hepatocellular carcinoma, can directly tether BAF to the promoter of
its neighboring gene TCF7 to activate its expression (Wang et al.,
2015). This subsequently results in activation of the Wnt signaling
pathway for priming liver cancer stem cell self-renewal. The small
nuclear RNA 7SK also physically interacts with BAF and recruits it
to suppress pervasive transcription in ESCs and HeLa cells (Flynn
etal., 2016; Hainer et al., 2015). The cardioprotective IncRNA Mhrt
(myosin heavy-chain-associated RNA transcripts), which is
abundantly expressed from Myh7 loci specifically in the heart,
also interacts with BRG1; when BRGI is aberrantly induced by
pathological stress, Mhrt binds to the helicase domain of BRGI to
block it from binding to the promoters of Myh6, Myh7 and Opn to
inhibit their gene expression and protect the heart from
cardiomyopathy (Han et al., 2014).

It should be noted, however, that the interaction between BAF
and RNA has recently been re-evaluated. Previous studies
demonstrated that the IncRNA SChLAP1 (second chromosome
locus associated with prostate 1), which is highly expressed in a
subset of metastatic prostate cancers, interacts with BAF47
(Prensner et al., 2013). However, detailed re-examination using
RNA  immunoprecipitation followed by  high-throughput
sequencing (RIP-seq) revealed that BAF displays uniform
enrichment throughout many primary transcripts (Raab et al.,
2019), which raises the issue of whether BAF-RNA interactions
function broadly to modulate BAF activity across many genes or
whether BAF only associates non-specifically with RNAs. These
results pave the way for further experimentation to determine the
exact functional role of BAF-RNA interactions in regulating gene
expression.

Fig. 5. Roles of non-coding RNAs in modulating BAF targeting. Schematic
illustration showing two different mechanisms by which non-coding RNAs
(ncRNAs; purple) can modulate BAF targeting. (A) BAF can be tethered to
chromatin through ncRNAs, as seen in the cases of IncTCF7 and the small
nuclear RNA 7SK. (B) ncRNAs can also bind directly to BAF and inhibit the
binding of BAF to chromatin, as seen in the case of Myhrt.
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Control of BAF targeting by lipids

Finally, the association of BAF with chromatin has also been shown to
be regulated by lipids, namely phosphatidylinositol 4,5-bisphosphate
(PIP,). In lymphocytes, global BAF-chromatin association is
modulated by PIP,. Resting lymphocytes are characterized by small
and compact nuclei, and the majority of BAF complexes in these cells
are not tightly associated inside the nucleus. However, within 10 min
of antigenic activation, BAF becomes tightly associated within the
nucleus, and the nucleus volume increases 5- to 10-fold within hours
(Rando et al., 2002; Zhao et al., 1998). This BAF-nucleus association
is induced by PIP,, a major mediator of antigen receptor signaling in
lymphocytes. BAF can directly bind PIP,, and PIP, further stimulates
BAF binding to the pointed ends and branch points of actin filaments,
as well as chromatin, by relieving intramolecular capping of B-actin
(Rando et al., 2002; Zhao et al., 1998). BAF-PIP, binding is mediated
by two BAF regulatory subunits: B-actin and BAF53A. Structural
analysis indicates that BAF53 A and B-actin form a heterodimer, using
different interfaces from the regions involved in actin polymerization
(Nishimoto et al., 2012). A similar observation was made with the two
actin-related subunits in the yeast BAF (SWI/SNF) complex (Schubert
et al., 2013). In the presence of PIP,, BAF has the capacity to bind
actin filaments in addition to accommodating a BAF53-B-actin dimer
(Rando et al., 2002; Zhao et al., 1998). Notably, a recent study
reported global loss of BAF genomic binding in B-actin-knockout
mouse embryonic fibroblasts (Xie et al., 2018), highlighting a crucial
role for B-actin in BAF-chromatin association. It is unclear whether
lipids are directly involved in BAF-chromatin association in other cell
types in addition to lymphocytes and whether lipids other than PIP,
could be involved. It is also unclear whether the incorporation
of BAF53B, which shares 87% amino acid identity with BAF53A
(Wu et al., 2007), may affect BAF-lipid interaction.

Conclusions and future perspectives
The BAF complex functions as a highly versatile and tunable regulator
for controlling specific gene expression as a result of its capacity to
interact broadly with DNA, RNA, proteins and even lipids. Among
these different interactions, one emerging theme is cooperativity.
Within individual subunits, such as BRG1 and PBRM1, multiple
bromodomains or DNA-binding modules establish multivalent
interactions to enhance chromatin association. Cooperativity also
occurs among different BAF subunits. For example, disruption of
BAF47, BAF57 or BAF250 can all lead to impaired BAF binding at
enhancers, suggesting that these subunits may cooperate to establish
stable BAF binding. Furthermore, this enhancer binding is dependent
on the interaction between BAF and transcription factors, which guide
BAF to bind to specific DNA sequences. Thus, the selectivity of BAF
chromatin binding is most likely a reflection of high-level cooperativity
and positive reinforcement across multiple targeting mechanisms.

The flexibility of BAF binding, controlled by signaling, is another
major feature modulating global or specific BAF chromatin
association. As discussed above, BAF can be switched ‘on’ and
‘off on chromatin during the cell cycle in response to its
phosphorylation, while PIP, rapidly induces global BAF chromatin
association during the process of T cell activation. DNA damage also
signals BAF recruitment to a repair foci, while numerous post-
translational modifications and non-coding RNAs can modulate BAF
binding to specific sites. These interactions present another layer of
regulation to control BAF-chromatin association, beyond the intrinsic
binding capacities of DNA/histone-binding domains and recruitment
by transcription factors.

It is noteworthy that the binding of BAF to chromatin is not always
accompanied by chromatin remodeling on the site. Indeed, although

BRD9 can recruit BRG1 to VDR-binding sites prior to ligand
association, chromatin remodeling is not initiated until this BRD9-
containing BAF is replaced by BRD7-containing PBAF upon ligand
binding (Wei et al., 2018). Moreover, in differentiated keratinocytes,
BRG1/BRM loss only impairs chromatin accessibility at a subset of
BAF-binding sites (Bao et al., 2015), although this could be
explained by substantial colocalization among other chromatin
remodelers at many genomic sites (Morris et al., 2014). Therefore,
BAF may require additional signals to fully activate its catalytic
action, and may also play redundant roles with other remodelers in
governing chromatin accessibility at a subset of genomic regions.

As well as binding to chromatin, BAF can influence chromatin
modifications. In differentiated keratinocytes, BRGI1/BRM
knockdown leads to the downregulation of H3K27Ac on sites that
are dependent on BAF to sustain genome accessibility (Bao et al.,
2015). Similarly, deletion of BRG1, BAF250A or BAF47 in mouse
embryonic fibroblasts globally decreases H3K27Ac (Alver et al.,
2017), while, during cortical development, BAF155 and BAF170
knockout causes global upregulation of H3K27me3 as well as
reduction of H3K9Ac (Narayanan et al., 2015). The physical
interactions between BAF and histone modifiers could explain this
epigenomic dysregulation. Indeed, BAF reportedly interacts with the
histone acetyltransferase p300 to sustain H3K27Ac at enhancers
(Alver et al., 2017). Complex purification of BAF in the developing
pallium during late neurogenesis also identified that the demethylases
KDM6A/B and KDMI1A associate with BAF to suppress both
H3K27me2/3 as well as H3K4me2 in promoting neuronal
differentiation and inhibiting cell proliferation, respectively
(Nguyen et al., 2018). These studies indicate that BAF functions
beyond simply recognizing and binding to histone modifications, and
actively cooperates together with other histone modifiers to control
the epigenomic landscape.

Leveraging BAF-ATPase-deficient cell lines, the BAF catalytic
subunit was recently found to play a major role in defining BAF/
PBAF identity as well as in promoting chromatin association.
Furthermore, the catalytic activity of BAF is required for the
complex to bind to a considerable subset of genomic sites (Pan et al.,
2019). This study is in agreement with the highly periodic nature of
BAF binding observed in vitro (Nagaich et al., 2004), and it
indicates that BAF may require completion of each catalytic cycle to
regain binding to at least a subset of its genomic targets.

Overall, these studies highlight the sophisticated action of BAF in
binding and remodeling chromatin. It is highly plausible that many
molecular mechanisms are cell and tissue specific, especially when
considering the variations in both the subunit composition of BAF
as well as its potential interacting partners. Thus, future research
delineating the action as well as the interacting networks of BAF, in
different cell and tissue types, should provide more insights for
understanding how BAF dysregulation impacts the pathogenesis of
diseases such as neurological disorders and various cancers.
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