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Toward understanding the role of the neuron-specific
BAF chromatin remodeling complex in memory
formation

Kwang-Yeon Choi, Miran Yoo and Jin-Hee Han

The long-term storage of memory requires the finely tuned coordination of intracellular signaling with the transcriptional,

translational and epigenetic regulations of gene expression. Among the epigenetic mechanisms, however, we know relatively little

about the involvement of chromatin remodeling-dependent control of gene expression in cognitive brain functions, compared

with our knowledge of other such mechanisms (for example, histone modifications and DNA methylation). A few recent studies

have implicated the Brm/Brg-associated factor (BAF) chromatin-remodeling complex, a mammalian homolog of the yeast Swi/Snf

complex, in neuronal structural/functional plasticity and memory formation. The BAF complex was previously known to have a

critical role in neurodevelopment, but these recent findings indicate that it also contributes to both cognitive functions in the

adult brain and human mental disorders characterized by intellectual disability. In this review, we provide a brief overview of

the BAF complexes, introduce recent research findings that link their functions to memory formation, and speculate on the

yet-unknown molecular mechanisms that may be relevant to these processes.
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INTRODUCTION

How can our brain store memories for a long time? Neuro-
scientists have made massive efforts to answer this question in
recent decades, but the molecular mechanisms underlying
long-term memory remain elusive. It has been well established
that long-term memory requires de novo gene expression
through transcription and translation. The newly synthesized
proteins are thought to support the synaptic functional/
structural plasticity needed to encode and store memory.
Importantly, persistent epigenetic changes in gene expression
patterns have been proposed as a key molecular mechanism
underlying the formation of long-lasting memories.

In eukaryotes, the long DNA strand is highly compacted into
chromatin structures, which must be modified to allow active
transcription. The chromatin consists of DNA that is wrapped
around histone octamers called nucleosomes, and then further
condensed into higher-order structures. Covalent modifications
of histone tails (for example, acetylation and methylation) can
alter the compaction state of chromatin. The highly compacted
state (heterochromain) hampers the ability of transcription
factors and the transcriptional machinery to access the pro-
moters of target genes, whereas the relaxed (euchromatin) state

allows active transcription. In response to neuronal activity
during learning experiences, the gene expression patterns of
neurons may be regulated by several different epigenetic
mechanisms, including DNA methylation, histone acetylation
and ATP-dependent chromatin remodeling. The regulations
of gene expression by DNA methylation1,2 and histone
acetylation3,4 are well known to be essential for long-term
memory formation. However, the comparable role of chroma-
tin remodeling-dependent regulation has only recently begun
to be explored.5

There are four main classes of chromatin remodeling
complexes: Swi/Snf, ISWI, INO80 and Mi2/CHD.6 The
Brm/Brg-associated factor complex (BAF complex), which is
a mammalian homolog of the yeast Swi/Snf complex, can evict
or slide nucleosomes to regulate the accessibility of DNA in an
ATP-dependent manner. It can also exchange histone variants
and induce conformational changes in the chromatin structure.
The BAF complex is a multisubunit complex consisting of at
least 15 subunits,7 including an ATPase (either Brg or Brm).
BAF170, BAF155 and BAF47 are the functional core subunits;
they all, including Brg, are sufficient to induce remodeling via
nucleosome shift in vitro.8 Based on the combination of
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additional BAF subunits, a BAF complex may be classified as an
embryonic stem cell BAF, a neuronal progenitor BAF,
a neuronal BAF (nBAF) or a polybromo-associated BAF
complex. Diverse combinations of BAF complexes enable the
cell-type- or developmental-stage-specific regulation of gene
expression from a single copy of the genome.9 It was recently
revealed that the nBAF complex and its specific subunit,
BAF53b, have critical roles in long-term memory.5 In this
review, we focus on the functions of this complex. Compre-
hensive reviews of the other BAF complexes are available in the
literature.9–12

NEURON-SPECIFIC BAF COMPLEXES

Identification of neuron-specific BAF53b
In 2002, Olave et al.13 first identified BAF53b (also known as
hArpNα, Actl6b); it is a homolog of BAF53a (hArpNβ, Actl6a),
which was cloned in 1998.14 BAF53b and BAF53a are classified
as actin-related protein 4. BAF53b comprises 426 amino acids
(aa) and shares 87% identity (93% similarity) with BAF53a,15

but is highly divergent through N-terminal aa40–82 (called
subdomain 2).13 BAF53a and BAF53b are mutually exclusive
components of the BAF complex. BAF53b is specifically found
in nBAF complexes, and its expression is restricted to post-
mitotic neurons.13

Neurodevelopmental role of BAF complexes
It is well known that BAF complexes have essential functions in
development. The combinatorial assembly of the various
subunits produces diverse BAF complexes that have specific
functions during development.9 For example, the characteristic
embryonic stem cell BAF complexes are BAF155 homodimers,
lack BAF170 and have Brg (not Brm) as their ATPase;16 these
complexes are necessary and sufficient for the self-renewal and
pluripotency of embryonic stem cells.16,17 The neuronal
progenitor BAF complex, which is characterized by the
inclusion of BAF170 and the presence of either Brg or Brm,
is necessary for the transition from the embryonic stem cell
stage to the neuroprogenitor stage.18 When neural progenitor
cells differentiate into post-mitotic neurons, they switch from
expressing BAF53a to expressing BAF53b, and trade out other
nBAF-specific subunits; for example, BAF45a/d and SS18 are
exchanged for BAF45b/c and Ca2+-responsive transcriptional
coactivator (CREST; also known as SS18L1), respectively.7,15,18

This switching is mediated by the expression of the microRNAs
(miRNAs), miR9* and miR124.19 These miRNAs are known
targets of RE1-silencing transcription factor (REST), which acts
with a corepressor to repress neuronal genes in non-neuronal
cells.19 Repression of REST allows the expression of these
miRNAs. The BAF53a messenger RNA transcript has binding
sites for miR9* and miR124 in its 3′ untranslated region;
miRNA binding translationally inhibits the expression of
BAF53a which represses BAF53b expression. Thus, the
miRNA-mediated blockade of BAF53a expression subsequently
activates the expression of BAF53b. Conversely, mutations
designed to inhibit the binding of these miRNAs were shown
to prolong BAF53a expression and attenuate BAF53b

expression in post-mitotic neurons.19 The importance of
these miRNAs in neurodevelopment was highlighted by the
finding that miR9* and miR124 are sufficient to direct the
differentiation of human fibroblasts into neurons.20,21

BAF53b has a critical role in activity-dependent dendritic
outgrowth
Given its post-mitotic-neuron-specific expression pattern,
BAF53b was thought to have an important functional role in
the adult brain. To test this, BAF53b knockout mice were
generated.15 Homozygous Baf53b knockout mice were found
to be viable; however, only ~ 12% of pups survived to
adulthood, and the mice showed behavioral abnormalities
(for example, hyperactivity).15 The latter characteristics make
it difficult to perform behavioral tests on the knockout mice.
Cultured Baf53b− /− neurons showed deficits in activity-
dependent dendritic outgrowth. Similar results were seen
following the short-hairpin RNA-mediated knockdown of
other nBAF complex subunits (for example, Brg, BAF45b
and BAF57).15 These findings suggest that the deficit in
activity-dependent outgrowth was due to nBAF complex
dysfunction. Furthermore, the results from experiments using
a chimeric BAF53b protein containing subdomain 2 of BAF53a
(and vice versa) suggested that the highly divergent subdomain
2 of BAF53b is necessary and sufficient for activity-dependent
dendritic remodeling.15 The function of BAF53b in dendritic
remodeling is conserved in invertebrates. In Drosophila, the
knockdown of Bap55, a homolog of BAF53a/b, impaired
the proper targeting of olfactory dendrites.22 Interestingly, the
Bap55 mutant phenotype could be rescued by human BAF53a
or BAF53b in contrast to failure of rescue by BAF53a in
rodent.15,22

THE ROLE OF BAF53B IN LEARNING AND MEMORY

Synaptic plasticity
The efforts to elucidate the function of BAF53b in the adult
brain made significant progress when Vogel-Ciernia et al.5

generated CaMKII promoter-driven Baf53b dominant negative
transgenic mice, thereby avoiding the developmental impacts of
BAF53b knockout. Based on previous studies using BAF53a,5,23

overexpression of mutant BAF53b with deletion of the
C-terminal hydrophobic domain (aa 323–333; BAF53bΔHD)
was assumed to competitively inhibit the interaction between
endogenous wild-type BAF53b and other subunits of the nBAF
complex.5,23 Thus, the deletion mutant was thought to act as a
dominant negative form of BAF53b. Both BAF53bΔHD mice
and Baf53b+/− mice showed deficits in the long-term forms of
hippocampus-dependent memory (for example, object location
and contextual fear memories), whereas auditory fear memory,
which is amygdala-dependent, was not affected in either type of
transgenic mouse.5 This study also measured long-term poten-
tiation (LTP) in hippocampal slices using theta burst stimula-
tion (TBS) in both types of transgenic mice. Baf53b+/− mice
showed impairment in the maintenance of LTP, while
Baf53bΔHD transgenic mice yielded different results depending
on the level of BAF53bΔHD expression: Baf53bΔHDlow mice
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(having a relatively lower level of expression) showed LTP
impairments following sub-
threshold 5 TBS but not following suprathreshold 10 TBS,
whereas Baf53bΔHDhigh mice (having a relatively higher level
of expression) showed LTP impairment and an abnormally
enhanced early-LTP response following 10 TBS. Furthermore,
a paired-pulse facilitation experiment demonstrated that
Baf53b ΔHDhigh mice had enhanced excitability in the pre-
synaptic portion of their LTP. This phenomenon suggests that
overexpression of Baf53bΔHD may trigger a gain-of-function.

Structural plasticity
If the function of BAF53b is important for synaptic plasticity
and long-term memory formation, we might next ask: What is
the underlying molecular mechanism? Based on the observa-
tion that BAF53b is essential for activity-dependent dendritic
outgrowth,15 researchers examined neuronal structural changes
in the CA1 neurons of Baf53b ΔHDhigh mice, and found that
the ratio of thin-type to mushroom type-spines was decreased
at baseline, but the total spine density was unchanged.5 The
observed increase in mushroom-type spines was consistent
with a previous report of a similar increase following Brm
knockdown.24 It is possible that this abnormality in dendritic
spine structure at baseline caused the observed deficits in long-
term memory. However, it is not yet clear whether BAF53b
participates in learning-induced structural plasticity.

There is evidence that the induction of LTP in a single spine
with glutamate uncaging induces rapid enlargement of the spine
volume via N-methyl-D-aspartate (NMDA) receptor
activation.25–27 This local regulation of spine volume crucially
involves remodeling of the actin cytoskeleton, which is regulated
by local Rho GTPases (for example, RhoA and Cdc42).27 There
is also evidence that tetanic stimulation-induced LTP shifts the
F-actin/G-actin equilibrium toward F-actin in dendritic
spines.28 The experimental blockade of actin polymerization
was found to inhibit both spine volume changes26,28 and
LTP.29,30 TBS was shown to induce phosphorylation of PAK
and its effector, Cofilin, specifically in activated synapses within
a few minutes post stimulation.31,32 Indeed, the portion of
pCofilin-positive spines is increased on learning.33 Vogel-
Ciernia et al.5 observed mice at 7 min after TBS, and found
that the increase in pCofilin-positive spines was impaired in
Baf53b+/− mice compared with wild-type mice. This suggests
that activity-dependent actin cytoskeleton signaling is disrupted
in Baf53b+/− mice. Indeed, RNA-sequencing (RNA-seq)
revealed that several genes known to mediate the actin
cytoskeleton are dysregulated in Baf53b+/− mice.5

miRNAs as possible regulators of actin filaments and spine
volume
Among the genes found to be dysregulated in Baf53b+/− mice,
miR132 and miR134 are notable because they are known to be
involved in the Cofilin-dependent regulation of the actin
cytoskeleton. The expression level of miR132 was increased
after learning in wild-type mice but not in Baf53b+/− mice,5

and accumulating evidence has implicated miR132 in structural

changes among neurons. For example, miR132 was found to be
necessary and sufficient to induce neurite outgrowth in
cultured neurons.34 Mild (but not robust) elevation of
miR132 was found to enhance memory in rodents,35,36 and
miR132 was shown to be transiently induced by pCREB, BDNF
and learning.34,37 Furthermore, miR132 was observed to
inhibit the translation of p250GAP,38 derepressing Rac1 and
activating the Pak/LIMK1 pathway to phosphorylate Cofilin
(Figure 1).32,39,40 Thereafter, pCofilin36 (the inactive form of
the protein) can stabilize the actin filament by inhibiting
its depolymerization. Although miR132 is known to be
transcriptionally regulated by pCREB,34 the activity-
dependent phosphorylation of CREB (which is upstream of
miR132) was not altered in Baf53b− /− mice compared with
wild type.15 Thus, it is likely that the altered transcription of
miR132 in Baf53b+/− mice results from the abnormalities in
chromatin remodeling caused by reduced BAF53b function.

Unlike miR132, miR134 was found to be slightly, but
significantly, downregulated on learning in wild-type mice
but not Baf53b+/− mice (P= 0.015, Figure 1).5 The miR134
is enriched in synaptodendritic compartments.41 In the resting
state, miR134 restrains the local protein synthesis of LIMK1,
maintaining a low expression level of this protein. When BDNF
is upregulated, however, local protein synthesis of LIMK1
occurs via the mTOR pathway.41 LIMK1 phosphorylates
Cofilin in the local synapse, and pCofilin-positive spines
promote polymerization of the actin cytoskeleton and
enlargement of the spine. These mechanisms allow the actin
cytoskeleton to be remodeled in a temporally and spatially
accurate manner. Because each miRNA typically impacts
hundreds of target messenger RNAs, the nBAF complex-
mediated regulation of miRNA transcription could enable the
further refinement of neuronal gene expression. Therefore,
miR132 and miR134 are plausible candidate effectors for the
function of BAF53b in the activity-dependent regulation of
spine morphology. Together, these findings on BAF53b sug-
gests that the chromatin remodeling mediated by the BAF
complex in neurons of the adult brain may have crucial roles in
synaptic plasticity and long-term memory storage, perhaps by
regulating the activity-dependent changes in spine morphology
via actin signaling.

COUNTERPART PROTEINS THAT INTERACT WITH

BAF53B

BAF53b and beta-actin bind to the helicase-SANT-associated
domains of Brg or Brm,42 but the binding proteins that interact
with BAF53b outside the nBAF complex have not yet been fully
elucidated. In yeast two-hybrid screens using aa 40–82 of
BAF53b (which are highly divergent with respect to BAF53a) as
bait, Oma et al.43 found that the transcriptional co-repressor,
C-terminal binding protein (CtBP), interacts with BAF53b. The
authors further showed that this interaction between BAF53b
and CtBP contributes to regulating gene expression via the
known interaction between Brg and glucocorticoid receptor,
in that CtBP suppressed glucocorticoid response element-
associated transcription in the presence of BAF53b, but not

The role of nBAF in memory formation
K-Y Choi et al

3

Experimental & Molecular Medicine



aa 40–82-deleted BAF53b.43 Notably, an immunoprecipitation
study failed to detect any interaction between BAF53b and
CtBP,15 suggesting that the interaction between BAF53b and
CtBP may be relatively weak and/or transient, appearing only
on stimulation.

SIGNALING UPSTREAM OF THE NBAF COMPLEX

Calcium signaling pathways
We might next ask: which upstream signaling pathways activate
the BAF complex in neurons? The evidence suggests that
calcium signaling may be involved. Aizawa et al.44 identified the
CREST, when screening for calcium-induced transactivators.
Interestingly, CREST knockout mice are a phenocopy of
Baf53b− /− mice: Crest− /− mice are viable, but only 20% survive
to adulthood and their cultured neurons show deficits in
calcium-dependent dendritic growth.44 CREST itself does not
have any DNA binding ability, suggesting that other DNA-
binding proteins likely act as binding partners for CREST to
induce gene expression. Indeed, CREST has been shown to
interact with the nBAF complex by binding to Brg.45 Although
BAF53b does not directly interact with CREST, it was found to
be necessary for the recruitment of CREST onto target gene
promoters.15

The interactions of CREST, Brg and CBP regulate c-fos
expression, providing clues toward understanding how the
nBAF complex regulates target genes.45 In the resting state, the
nBAF complex docks to the Sp1 binding site of the c-fos
promoter and Brg recruits HDAC1 via Rb, thereby repressing
the transcription of c-fos. In the active state, in contrast,

calcium stimulation induces the calcineurin-mediated depho-
sphorylation of Rb and subsequent HDAC1 release, allowing
acetylation of the nucleosome. Concurrently, CaMKIV
phosphorylates the coactivator, CBP, which directly interacts
with CREST, leading to the transcriptional activation of c-fos.

Calcium signaling is transmitted into the nucleus via NFAT,
CaMK, MAPK and PKA signaling, and free calcium transient
from synapse can directly arrive at nucleus.46 Synaptic
transmission increases the local calcium concentration in
postsynaptic spines through NMDA and voltage-gated calcium
channels, and a large amount of calcium is reserved in the
endoplasmic reticulum (ER). Glutamate activates mGluR,
which is coupled to phospholipase C (PLC), causing PLC to
hydrolyze phosphatidylinositol 4,5-bisphosphate (PIP2) into
diacylglycerol and inositol 1,4,5-triphosphate (IP3). Upon
binding of IP3, IP3-sensitive calcium channels in the ER release
calcium from the ER lumen into the cytoplasm. Because the
nucleus communicates with the ER, an elevation of calcium at
local synapses may produce a calcium wave that eventually
arrives at the nucleus via the ER.47

Inositol phosphate signaling
Inositol phosphate signaling is another potential upstream
signaling pathway that might regulate nBAF complex activity.
There is not yet any in vivo evidence supporting this notion,
but several in vitro studies have shown that inositol phosphates
functionally regulate the BAF complexes.14,48 In lymphocytes,
PIP2 is sufficient to target the BAF complex to chromatin,14

and other related inositol phosphates have been suggested to

Figure 1 The microRNAs (miRNAs) that show post-learning dysregulation in Baf53b+/− mice regulate actin remodeling via Cofilin. This
schematic depicts the proposed model for how regulators of the actin cytoskeleton in dendritic spines are influenced by the loss of
BAF53b. The influx of calcium through the N-methyl-D-aspartate (NMDA) receptor directly and indirectly activates small GTPase exchange
factors, activating RhoA, Rac1 and Cdc42 and leading to the accumulation of pCofilin in neuronal spines. Following this stimulation,
miR132 and miR134 can regulate the level of pCofilin. The red circles indicate post-learning upregulation in wild-type mice, while the
blue circles indicate post-learning downregulation in Baf53b+/− mice. Yellow circled p, phosphorylation.
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modulate the activity of chromatin remodeling complexes
in vivo.48,49 In yeast, IP4 and IP5 stimulate the SWI/SNF
complex, whereas IP6 inhibits nucleosome remodeling.48,49

Rando et al.50 used the results from various experiments to
propose a model for the PIP2-mediated activation of the BAF
complex. First, they used PIP2 micelles and light scattering to
show that PIP2 binds the BAF complex. Then, they examined
the binding of actin, which is known to bind at two distinct
C-terminal regions of Brg. PIP2 sensitively decreased the

binding affinity of one site while the other remained bound.
The authors therefore concluded that PIP2 may allow the
uncapped BAF complex to bind the pointed ends of actin
filaments or the filament branch points through the newly
exposed actin surface and BAF53a/b.

HIGH-THROUGHPUT STUDIES FOR TARGET GENES

OF BAF53B

Regarding the target genes of the nBAF complex, two high-
throughput studies have been conducted in rodent brains. Wu
et al.15 performed microarray experiments to identify 114 genes
that were dysregulated in Baf53b homozygous knockout mice
using tissue samples were taken from the hippocampi of
16-day-old Baf53−/− (P16) and control mice. Vogel-Ciernia
et al.5 used RNA-seq to investigate dysregulated genes in
hippocampal tissues of adult Baf53b+/− and wild-type
littermate control mice, examining both baseline levels and
learning-induced changes in the gene expression profiles.
Although the two studies differed in their experimental settings
(see Figure 2b), we speculated that the genes reported in
common between these two studies could be potential target
genes for BAF complex-mediated regulation. Toward this end,
we compared the results from these microarray and RNA-seq
studies.

Of the 62 genes found to be upregulated in the microarray
data, only 2 (Tac4 and Brp16) were also found in the lists of
dysregulated genes identified by RNA-seq at baseline or after
learning in Baf53b+/− mice (Figure 2a). Among the down-
regulated genes, only one gene (Actl6b) was found in both data
sets. Even when we expanded the P-value cutoff from 0.05 to
0.20 in the RNA-seq data, only one (Prkab1) and two
additional genes (Unc13c and Trhde) were found to be shared
in the up and downregulated data sets, respectively. Some genes
(for example, Islr2, Htr3a, Olfml3 and Mfsd4) were even found
to be dysregulated in opposite directions (0.05⩽Po0.20)
(Figure 2a). In particular, Ngef (also known as Ephexin1),
which is thought to be a key target gene of both BAF53b and
CREST15 in regulating dendritic remodeling on stimulation,15

was unaltered in the RNA-seq results from Baf53b+/− mice
at baseline and post learning,5 whereas it was significantly
downregulated according to the microarray data.

A consistent finding in both studies was that immediate early
genes, such as c-fos, zif268 (Egr1), Arc and Npas4, were not
affected by the loss of BAF53b.5,15 Moreover, both studies
found that genes involved in regulating the actin cytoskeleton
(albeit disparate sets of such genes) were misregulated following
the loss of BAF53b. For instance, Wu et al.15 identified Ngef
(Ephexin1), Gsn (gelsolin, an actin-binding protein that is a key
regulator of actin filament assembly and disassembly) and
Racgap1 as being differentially expressed, whereas Vogel-
Ciernia et al.5 reported the dysregulations of miR132 (which
inhibits p250GAP, as described in detail above), Citron (a Rho
interacting kinase), Fhl2 (a member of the four-and-a-half
LIM-only protein family, which has been implicated in linking
signaling pathways to transcriptional regulation) and the
upstream receptors, Grin2a, Grin2b and EphA4.

Figure 2 Overlap of target genes identified by the two high-
throughput experiments. (a) Venn diagram showing concordant and
discordant BAF53b target genes identified in two recent high-
throughput studies. Of the 62 genes found to be upregulated in the
microarray analysis, only 2 were also shown to be differentially
expressed in the RNA-sequencing (RNA-seq) experiment. Among
the downregulated genes identified by the microarray analysis, only
Actl6b (BAF53b) was shared between the two data sets. When the
P-value cutoff was loosened, only one and two genes were
additionally shared among the up and downregulated genes,
respectively. Colors and symbols: U, math symbol for union; red
font, dysregulated after learning; black font, dysregulated at
baseline; *, oppositely dysregulated in the two studies (Po0.20
and PX0.05). (b) Comparison of the two studies. The high-
throughput platforms differed, as did the ages and genotypes of the
utilized mice. Vogel-Ciernia et al.5 made six comparisons, whereas
Wu et al.15 made only two. Here, we looked at genes that were
dysregulated at baseline or after learning. HC, home cage; OLM,
object location memory.
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How should we interpret the seeming discrepancies in the
results of these two high-throughput experiments? One expla-
nation is that the results may have been confounded by
differences in the ages of the tested mice. In addition, brain
tissues contain extremely heterogeneous cell populations (that
is, 4100 subtypes), making it far more difficult to study
neuronal gene expression in vivo than it is to study other tissues
or to examine cultured neurons in vitro. The heterogeneous cell
types in the brain and the sparse distribution of the cells that
are activated during learning make it very difficult to precisely
determine cell-type-specific or learning-induced changes in
gene expression profiles in the brain. In the future, gene
expression profiling of defined neurons in specific brain
regions should be used to better identify the target genes
regulated by the nBAF complex at baseline and post learning.

CONCLUDING REMARKS AND FUTURE PERSPECTIVES

Epigenetic mechanisms for controlling gene expression have
been critically implicated in long-lasting memory formation
and various brain diseases characterized by intellectual dis-
ability. Traditionally, most of the relevant studies have focused
on histone modifications and DNA methylation, with far less
attention paid to the possible role of chromatin remodeling in
memory formation. More recently, however, this has begun to
change. Studies in transgenic mice with genetic deletions or
dominant negative mutants of BAF53b (a subunit of the
neuron-specific BAF chromatin-remodeling complex, nBAF)
have revealed that the function of nBAF is crucial for synaptic
plasticity and long-term memory formation in the hippocam-
pus. It is particularly important to investigate the role of
BAF53b-containing nBAF complexes in cognitive brain func-
tions such as learning and memory, because such complexes
are: (1) only found in post-mitotic neurons; (2) activated by
calcium signals; (3) responsible for regulating many essential
genes related to activity-dependent changes in spine morphol-
ogy; and (4) associated with cognitive deficits when
mutated.10,51 Although a great deal of research will be required
to clarify how the nBAF complex regulates memory formation
and how its mutation causes intellectual disability, some logical
next steps would be to undertake acute genetic manipulation
(either overexpression or knockdown) of BAF53b in the
specific areas of adult brain that are relevant to memory
formation, search for critical downstream effector molecules of
the BAF complex and determine the detailed molecular
mechanisms through which BAF complex-dependent chroma-
tin remodeling mediates memory formation. These studies will
provide important insights into the previously underexplored
epigenetic regulation of enduring memory formation and
human intellectual and cognitive disorders.
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