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Multiple epigenetic mechanisms, including histone acetylation and nucleosome remodeling, are known to be involved in
long-term memory formation. Enhancing histone acetylation by deleting histone deacetylases, like HDAC3, typically en-
hances long-term memory formation. In contrast, disrupting nucleosome remodeling by blocking the neuron-specific chro-
matin remodeling subunit BAF53b impairs long-term memory. Here, we show that deleting HDAC3 can ameliorate the
impairments in both long-term memory and synaptic plasticity caused by BAF53b mutation. This suggests a dynamic in-
terplay exists between histone acetylation/deacetylation and nucleosome remodeling mechanisms in the regulation of

memory formation.

Recent work has shown that chromatin modifying and remodeling
mechanisms play an important role in long-term memory forma-
tion (Kwapis and Wood 2014). Chromatin modification refers to
mechanisms that modify histone proteins via post-translational
modifications (e.g., acetylation). Chromatin remodeling refers to
mechanisms involving ATP-dependent protein complexes that re-
position, remove, and exchange nucleosomes. Chromatin modifi-
cation and remodeling mechanisms are believed to actively restrict
or provide access to specific genes in response to a learning event,
allowing for dynamic and precise production of mRNA necessary
for long-term memory formation. Although both processes are im-
portant for long-term memory formation (Alarcén et al. 2004;
Korzus et al. 2004; Levenson et al. 2004; Wood et al. 2005;
Vecsey et al. 2007; McQuown et al. 2011; Vogel-Ciernia et al.
2013, 2017; Kwapis et al. 2017), little is known about how these
major epigenetic mechanisms interact.

Nucleosome remodeling can alter gene expression by shifting
nucleosomes along the DNA strand, removing nucleosomes, or
exchanging nucleosomes. Understanding how nucleosome re-
modeling complexes contribute to memory formation is critical,
as mutations in multiple different subunits of the nBAF
(neuron-specific Brgl-associated factor) nucleosome remodeling
complex have been implicated in a variety of human intellectual
disabilities, including Coffin-Siris (Santen et al. 2012; Tsurusaki
et al. 2012) and Nicolaides-Baraitser syndromes (Van Houdt et al.
2012), sporadic mental retardation (Halgren et al. 2012; Hoyer
et al. 2012; Santen et al. 2012; Tsurusaki et al. 2012), and even au-
tism (Neale et al. 2012; O’Roak et al. 2012; Krupp et al. 2017).
Previous work from our laboratory has demonstrated that mutat-
ing a neuron-specific subunit of nBAF, BAF53b (also known as
Actléb), disrupts both long-term memory and synaptic plasticity
(Vogel-Ciernia et al. 2013, 2017). This suggests that functional
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nBAF-mediated nucleosome remodeling is critical for the forma-
tion of long-lasting forms of synaptic plasticity and memory.

A second major epigenetic mechanism linked to memory for-
mation is histone acetylation, which is modified by two classes of
enzymes: histone acetyltransferases (HATs) and histone deacety-
lases (HDAC:s). HATs, which add acetyl groups to histones, typical-
ly loosen chromatin structure to facilitate transcription. In
contrast, HDACs remove acetyl groups from histones, condensing
chromatin to restrict transcription. In general, facilitating histone
acetylation by enhancing HAT activity or reducing HDAC activity
improves long-term memory formation (Kwapis and Wood 2014).
There is a powerful opposition of activity between HATs and
HDAC:S, revealed by HDAC inhibition, which leads to significantly
increased histone acetylation (Levenson et al. 2004; Vecsey et al.
2007; McQuown et al. 2011; Kwapis et al. 2017). One HDAC in par-
ticular, HDAC3, has been shown to be a powerful negative regula-
tor of long-term memory formation. Using both genetic deletion
and pharmacological inhibition of HDAC3, our laboratory has
shown that disruption of HDAC3 can transform a subthreshold
learning event into one that produces robust and persistent long-
term memory (McQuown et al. 2011; Malvaez et al. 2013; Rogge
et al. 2013; Kwapis et al. 2017). Similarly, pharmacological disrup-
tion of HDAC3 can improve associative hippocampal long-term
potentiation (LTP) in slices from aging rats (Sharma et al. 2015).
Together, these studies demonstrate that HDAC3 negatively regu-
lates both long-term memory and synaptic plasticity.

Although it is clear that BAF53b disruption impairs long-term
memory formation whereas disruption of HDAC3 enhances mem-
ory formation, little is understood about how these major epige-
netic mechanisms interact. As mutations in the nBAF complex
are linked to human intellectual disability disorders, it is critical
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HDAC3 deletion rescues memory in BAF53b mutants

to determine whether these deficits can be overcome by promoting
access to chromatin through other epigenetic mechanisms, includ-
ing HDAC3 deletion. If deletion of HDAC3 can ameliorate the
memory disruption caused by BAF53b mutation, this represents
a potential therapeutic avenue for improving cognition in individ-
uals with disorders stemming from impaired nucleosome remodel-
ing mechanisms.

All animals were between 8 and 20-wk old at the time of
behavioral testing. Mice had free access to food and water and
were maintained on a 12:12h light-dark cycle, with all behavior
performed during the light portion of the cycle. Animals were
backcrossed at least five generations to C57BL/6] mice (Jackson
Labs). All experiments were conducted according to NIH guide-
lines for animal care and use and were approved by the
Institutional Animal Care and Use Committee of the University
of California, Irvine.

To determine whether deletion of HDAC3 ameliorates mem-
ory impairments in BAF53b mutant mice, we generated a double
mutant by crossing two mouse lines previously used by our labora-
tory: HDAC3™*/1°X mice (McQuown et al. 2011) and BAF53bASB2
mice (Vogel Ciernia et al. 2017). HDAC3™*/°* mice carry LoxP
sites flanking exons four through seven in the Hdac3 gene, so
that local infusion of AAV-CaMKII-Cre creates a site-specific dele-
tion of Hdac3 in excitatory neurons (McQuown et al. 2011).
BAF53bASB2 mice express a transgene with a mutant form of
BAFS53b with a deletion of subdomain two, the region of BAF53b
that is most distinct from BAFS53a, its non-neuronal homolog
(Vogel Ciernia et al. 2017). This mutant transgene is expressed
under the CaMKIla promoter, restricting expression to forebrain
excitatory neurons during post-natal development. Crossing these
mice produced four different genotypes: 1. HDAC3**::BAF53bWT,
2. HDAC3"*::BAF53bASB2, 3. HDAC3"'"*::BAF53DWT, and 4.
HDAC3"1"*::BAF53bASB2.

To delete HDAC3 from the dorsal hippocampus of
HDAC3/"%¥/Mox mjce, all animals were anesthetized with 2%-4% iso-
flurane in 100% O, and locally infused with AAV2.1-CaMKII-Cre
via an infusion needle positioned in the dorsal CA1 area of the hip-
pocampus (AP —2.0 mm; ML £1.5 mm; DV —1.5 mm). One micro-
liter of virus was infused into each hemisphere at a rate of 6 pL/h as
previously described (McQuown et al. 2011; Kwapis et al. 2017).
Two weeks later (to allow for optimal gene deletion (McQuown
etal. 2011)), mice were either handled and trained in the object lo-
cation memory (OLM) task (Experiment 1) or were sacrificed for
LTP (Experiment 2).

Following behavior, mice were euthanized by cervical disloca-
tion and their brains were removed and flash-frozen in ice-cold iso-
pentane. To verify the deletion of HDAC3 protein in HDAC3/¥/ox
mice, 20 pm slices were collected throughout the dorsal hippocam-
pus and immunofluorescence was performed and quantified as
previously described (McQuown et al. 2011; Kwapis et al. 2017).
To verify the presence of the mutant transgene in BAF53bASB2
mice, punches (1.0 pm diameter) were also collected from area
CA1 of the dorsal hippocampus and RT-qPCR was performed to
measure expression of the BAF53bASB2 transgene as previously de-
scribed (White et al. 2016; Vogel Ciernia et al. 2017).

First, we verified both genetic manipulations in our double
mutant mice. To confirm that AAV-CaMKII-Cre infusion produced
a complete focal deletion of HDAC3 in HDAC3/"¥/10%.:BAF53bWT
and HDAC3/"*/1°*..BAF53bASB2 mice, we measured immunoreac-
tivity to HDAC3 in slices from each of our four genotypes.
HDAC3*"* animals showed robust HDAC3 immunoreactivity
(green) throughout the dorsal hippocampus (Fig. 1A).
HDAC3/fox animals, in comparison, showed a near complete
loss of HDAC3 immunoreactivity throughout region CA1 of the
dorsal hippocampus. General hippocampal morphology appeared
normal in all four groups, as determined by the fluorescent nissl
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stain NeuroTrace (NT; red). Quantification of this staining con-
firmed that HDAC3/*/°* animals had significantly reduced levels
of HDAC3 protein compared to HDAC3*/* animals, regardless of
whether they carried the BAF53bASB2 transgene (Fig. 1B). We
next confirmed that the BAF53bASB2 transgene expressed normal-
ly in both HDAC3**::BAF53bASB2 and HDAC3/"*/°*.:BAF53bASB2
mice using RT-qPCR. We observed significantly higher expres-
sion of the BAF53bASB2 transgene in the dorsal hippocampus
of BAF53bASB2 animals than in BAF53bWT controls (Fig. 1C).
Further, both HDAC3*"* and HDAC3/"** animals showed similar
expression levels of the BAF53bASB2 transgene, indicating that
the presence or absence of HDAC3 did not alter transgene
expression.

For experiment 1, we tested whether HDAC3 deletion could
rescue the OLM impairments induced by disruption of BAF53b
(Vogel Ciernia et al. 2017). Following 4 d of handling (2-min per
day), mice were habituated for six consecutive days (5-min per
day), during which mice were exposed to the context without ob-
jects. The following day, mice were given a training trial (Fig. 1D),
in which they were placed into the context with two identical ob-
jects for 10 min, a protocol that produces robust long-term memo-
ry in young wild-type mice (Vogel Ciernia et al. 2017). Twenty-four
hours later, mice were given a 5-min retention test in which one
object was moved to a new location in a counterbalanced manner
(Fig. 1D). Videos were recorded using AnyMaze and exploration of
objects during training and testing was hand-scored (Vogel-Ciernia
and Wood 2014). Exploration times were used to calculate a
discrimination index (DI) (tnovel - tfamiliar)/(tnovel + tfamiliar) % 100.
Memory for OLM is indicated by increased exploration of the
moved object relative to the unmoved object, reflected as a positive
DI score.

For HDAC3*/* animals, expression of the mutant BAF53bASB2
transgene significantly impaired memory for OLM, consistent
with previous work from our laboratory (Vogel-Ciernia et al.
2013). HDAC3**::BAF53bWT mice showed a strong preference
for the moved object, indicating robust long-term memory for
the 10-min training session (Fig. 1E, black bar), whereas
HDAC3**::BAF53bASB2 mice showed little preference for the
moved object, indicating poor long-term memory (Fig. 1E, dark
blue bar). When hippocampal HDAC3 was deleted, however
(HDAC3M¥/f1ox mice), expression of the BAF53bASB2 transgene
had no effect on memory, with both HDAC3"*°*::BAF53BWT
and HDAC3/"¥/°x::BAF53bASB2 mice demonstrating robust and
comparable preference for the moved object (light gray and blue
bars). No difference in total exploration was observed between
any of the groups during the test session (Fig. 1F). Together, these re-
sults suggest that deleting HDAC3 in the dorsal hippocampus can
overcome memory impairments induced by disruption of BAF53b.

Next, for Experiment 2, we asked whether synaptic plasticity
deficits induced by the BAF53bASB2 transgene could similarly be
rescued by hippocampal HDAC3 deletion. Previous work from
our laboratory has demonstrated that mutation of BAF53b disrupts
the stabilization of LTP in the Schaffer-commissural pathway of the
hippocampus (Vogel-Ciernia et al. 2013, 2017). To determine
whether hippocampal deletion of HDAC3 could ameliorate this
impairment, we examined LTP in acute hippocampal slices from
each of our four experimental groups (HDAC3*/*:BAF53bWT,
HDAC3"*::BAF53bASB2, ~ HDAC3/*/M"*::BAFS3bWT, and
HDAC3"¥f°x::BAF53bASB2, 3-6 mo of age).

Two weeks after infusion of AAV-CaMKII-Cre, mice were sac-
rificed and hippocampal slices were collected for LTP. Transverse
hippocampal slices (300 pm) were prepared as previously described
(Vogel Ciernia et al. 2017). Following a 2-h incubation period, a
single glass pipette (2-3 MQ) filled with 1 M NaCl was placed in
CA1,, stratum radiatum to record fEPSPs evoked by bipolar stainless
steel stimulation electrodes placed at sites CAl, and CAl.
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Figure 1. Deleting HDAC3 ameliorates the hippocampal memory impairments induced by the

BAF53bASB2 transgene. (A) Representative immunofluorescence image of HDAC3 expression (green) in
each of the four genotypes following intrahippocampal injection of AAV-CaMKII-Cre. Cell bodies were
counterstained with a fluorescent Nissl stain (NeuroTrace, NT, red). HDAC3 expression was deleted
throughout area CA1 in both HDAC3™¥/°x::BAF5 3bWT and HDAC3"°¥/°%::BAF5 3bASB2 mice. (B) Mean in-
tensity of HDAC3 immunofluorescence sampled from CA1 (normalized to background). HDAC3 expres-
sion was significantly reduced in both groups of HDAC3™*/* mice relative to HDAC3*/* controls (two-way
ANOVA: main effect of HDAC3 (F1,31y=85.53, P<0.0001), no effect of BAF53b or interaction; Sidak’s
post hoc comparing HDAC3*"* to HDAC3"/fox. BAF53bWT, P<0.0001; BAF53bASB2, P<0.0001; n=
10 (5 female), 5 (0 female), 11 (6 female), 9 (6 female)). (C) RT-gPCR measuring BAF53bASB2 transgene
expression. Both groups of BAF53bASB2 mice displayed significantly higher levels of BAF53bASB2 trans-
gene expression than BAF53bWT mice (two-way ANOVA: main effect of BAF53b (Fq,26)=67.83, P<
0.0001), no effect of HDAC3 or interaction; Sidak’s post hoc comparing BAF53bWT to BAF53bASB2:
HDAC3**, P<0.0001; HDAC3™*°% p<0.0001; n=12 (5 female), 6 (0 female), 11 (7 female), 5 (2
female)). (D) Schematic of the OLM task. (E) Deletion of HDAC3 rescues the impairments in OLM
induced by BAF53bASB2. For HDAC3*/* mice, expression of the BAF53bASB2 transgene significantly
impairs memory. HDAC3"/x mice, however, show robust memory for OLM regardless of whether
the transgene is expressed (two-way ANOVA: main effects of HDAC3 (F,52)=5.36, P<0.05), BAF53b
(Fa,52y=6.41, P<0.05), and significant interaction (F1,s;=4.22, P<0.05; Sidak’s post hoc comparing
BAF53bWT to BAF53bASB2: HDAC3*'*, P<0.05, HDAC3™/fx p=0.9; n=14 (9 female), 7 (2 female),
19 (10 female), 16 (11 female)). (F) There was no significant difference in total exploration time
between groups during testing (two-way ANOVA; no main effect or interaction).

Orthodromic stimulation (CAl.) was used to induce LTP whereas
antidromic stimulation (CA1,) was used to monitor slice viability
and baseline stability. After a 20-min stable baseline recording,
five 0 bursts (each burst consists of four pulses at 100 Hz; each burst
separated by 200 msec) were delivered to elicit LTP.

As previously reported (Vogel Ciernia et al. 2017), we found
that expression of the mutant BAF53bASB2 transgene impaired
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the stabilization of LTP in slices from
HDAC3*"* mice. Slices from HDAC3"*:
BAF53bWT mice showed stable LTP fol-
lowing a single train of five theta bursts
(Fig. 2A, black symbols). In contrast, slices
from  HDAC3**:BAF53bASB2  mice,
showed comparable short-term potentia-
tion (STP) that failed to stabilize and
ultimately decayed to a significantly
lower level than in control mice (Fig. 24,
blue symbols). When hippocampal
HDACS3 was deleted, however, expression
of the BAF53bASB2 transgene did not dis-
rupt LTP. Slices from both HDAC3¥/x;;
BAFS3VWT  and HDAC3™ox;.
BAF53bASB2 mice produced stable, persis-
tent potentiation following the same
stimulation protocol (Fig. 2B). There was
no significant difference in the level of
potentiation 60 m post-TBS between slic-
es from HDAC3"I*::BAFS3bWT and
HDAC3/"¥1°x::BAF53bASB2 mice (Fig.
2C), indicating that the presence of the
transgene had little effect on LTP stabili-
zation in the absence of hippocampal
HDACS. Finally, in an effort to determine
whether these genetic deletions inter-
fered with synaptic events used to induce
LTP (e.g., NMDA receptor function), we
measured STP immediately following in-
duction (1-2 min post-TBs) and to what
extent the burst response facilitated over
the course of a theta train (Larson and
Lynch 1988; Arai and Lynch 1992).
There were no notable differences be-
tween groups in either STP (Fig. 2A,B) or
burst area (Fig. 2D). Together, these re-
sults suggest that genetic deletion of
HDAC3 ameliorated the impairments in
LTP stabilization induced by disruption
of the BAF53b subunit of the nBAF com-
plex by engaging a mechanism that fol-
lows the triggering events for LTP.

To summarize, we found that focal
deletion of the histone deacetylase
HDACS3 in the dorsal hippocampus can
ameliorate the impairments in both long-
term memory and synaptic plasticity
caused by mutation of the BAF53b sub-
unit of the nBAF nucleosome remodeling
complex. As previously observed (Vogel
Ciernia et al. 2017), both OLM and theta
burst-induced LTP were impaired by the
presence of the mutant BAF53bASB2
transgene. In the absence of HDAC3, on
the other hand, the BAF53bASB2 trans-
gene had no effect on either long-
term memory (Fig. 1) or LTP (Fig. 2).
Importantly, focal deletion of HDAC3

did not affect transgene expression in the BAF53bASB2 mice (Fig.
1C). Broadly, these findings suggest that disrupting nucleosome re-
modeling impairs memory formation, but this impairment can be
overcome by facilitating local transcription through other epige-
netic mechanisms, including histone acetylation.

In the current study, although it is not clear how HDACS3 dele-
tion restored long-term memory in BAF53bASB2 mice, one
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Figure 2. Deleting HDAC3 can also overcome the deficits in hippocampal LTP induced by the
BAF53bASB2 transgene. (A) fEPSP slope measurement after five theta bursts in hippocampal slices
from HDAC3*/*::BAF53bWT and HDAC3*/*::BAF53bASB2 mice. Following the application of TBS, STP
(1-2 min post-TBS) was indistinguishable between groups (two-way ANOVA: no main effects (F,10)
=2.19, P=0.17), and no significant interaction (f s0y=0.71, P=0.61). Stable potentiation was ob-
served in slices from HDAC3*/*::BAF53bWT mice 50-60 min post-TBS, but the same stimulation protocol
produced only weak potentiation in slices from HDAC3*/*::BAF53bASB2 mice, consistent with our previ-
ous work showing the BAF53bASB2 transgene impairs stabilization of LTP. (Top) representative fEPSP
traces collected during baseline (solid line) and 1 h after stimulation (dashed line). Scale bar, 1 mV
per 5 msec. (B) fEPSP slope measurement after five theta bursts in HDAC3"/"*.:BAF53bWT and
HDAC3™*/ox;.BAF53bASB2 slices. STP was again not significantly different between groups (two-way
ANOVA: no main effects (F3,11y=1.49, P=0.25), and no interaction (fs,5s5=0.32, P=0.90).
Following induction, hippocampal slices from both HDAC3™"* groups showed stable LTP 50-60
min post-TBS, indicating that the BAF53bASB2 transgene failed to disrupt LTP in the absence of
HDACS3. (Top) representative fEPSP traces collected during baseline (solid line) and 1 h after stimulation
(dashed line). Scale bar, T mV per 5 msec. (C) Summary graph showing the mean fEPSP slope for
each group 50-60 m after stimulation. The BAF53bASB2 transgene caused a significant impairment
in the level of LTP in HDAC3*/* mice, as previously reported gVogeI Ciernia et al. 2017). Deleting
HDAC3 in mice carrying the BAF53bASB2 transgene (HDAC3"o¥/"x.:BAF5 3bASB2), however, produced
LTP comparable to that of control (HDAC3*/*::BAF53bWT) mice (two-way ANOVA: main effects of
HDAC3 (F1,21y=22.02, P<0.001), BAF53b (F3,21y=19.51, P<0.001), but no significant interaction
(Fa,21y=0.38, P>0.05); Sidak’s post hoc tests: HDAC3**::BAF53bWT versus HDAC3*/*::BAF53bASB2,
P<0.01; HDAC3*/*::BAF53bASB2 versus HDAC3™/"°*::BAF53bWT, P<0.0001; HDAC3*/*::BAF53bASB2
versus HDAC3"0¥/fox.:BAF5 3bWT, P<0.01; all other post hoc comparisons not significant (P> 0.05); n
=6 slices (from 2 male, 1 female), 6 slices (from 1 male, 2 female), 7 slices (from 2 male, 3 female), 6
slices (from 1 male, 2 female)). (D) No significant differences in burst area were observed between
the four groups (two-way ANOVA: main effect of burst number (F4 g4)y=43.40, P<0.001) and signifi-
cant interaction (F;2,84)=2.61, P<0.01) but no main effect of genotype (F3,21y=0.13, P>0.05); all
Sidak’s post hoc tests, P>0.05).

Specifically, it is possible that the
BAF53bASB2 mutant prevents the forma-
tion of a functional nBAF-based enhan-
ceosome, a protein complex that
assembles at gene enhancer regions to reg-
ulate transcription through recruitment
of modifying enzymes, like HATs
(Thanos and Maniatis 1995; Merika and
Thanos 2001; Panne 2008; Loépez and
Wood 2015). Consistent with this, loss
of BAF53b disrupts the targeting of nBAF
and its calcium-responsive subunit
CREST (calcium-responsive transactiva-
tor, also known as SS18L1) to specific
gene promoters (Wu et al. 2007). CREST
is known to recruit CBP (Aizawa et al.
2004; Qiuand Ghosh 2008), a HAT known
to facilitate long-term memory formation
(Barrett and Wood 2008). Therefore, dis-
ruption of BAF53b might impair memory
by preventing the nBAF-CREST complex
from localizing to memory-relevant
genes, ultimately preventing the recruit-
ment of HATs, like CBP, and other
elements that enhance transcriptional ac-
cessibility at these genes. In this case,
HDACS3 deletion might improve memory
formation in BAF53bASB2 mutants by re-
storing acetylation in the absence of the
nBAF-CREST complex. More work will be
required to determine precisely how the
learning-induced gene expression profile
is affected by HDAC3 deletion in
BAF53bASB2 mice.

Recent studies have identified nu-
merous mutations in chromatin remodel-
ing complexes in patients with both
intellectual disability and autism spec-
trum disorders (Neale et al. 2012), sug-
gesting that disruption in nucleosome
remodeling may be a key contributing
factor to these disorders. Consistent
with this, the current study and previous
work from our laboratory (White et al.
2016; Vogel Ciernia et al. 2017) have
found that disruption of the BAF53b sub-
unit of the neuron-specific nBAF nucleo-
some remodeling complex severely
impairs both long-term memory and syn-
aptic plasticity in mice. Here, we show
that deletion of the repressive histone
deacetylase HDAC3 can ameliorate these

possibility is that deleting HDAC3 allowed for enhanced histone
acetylation at memory-relevant genes (McQuown et al. 2011;
Kwapis et al. 2017), promoting a permissive chromatin structure
even in the absence of normal nucleosome remodeling (Fig. 3A-
C). Thus, even though the learning event may have failed to stim-
ulate normal nucleosome remodeling in BAF53bASB2 mice, the en-
hanced histone acetylation following HDAC3 deletion was
sufficient to overcome the deficits in both long-term memory
and synaptic plasticity, possibly by promoting an open chromatin
structure at key plasticity-related genes (Fig. 3D).

An additional possibility is that disruption of BAFS3b impairs
the formation or gene-specific targeting of the nBAF complex,
ultimately disrupting interactions between nBAF and other regula-
tory elements required to control expression of target genes.

www.learnmem.org

impairments, suggesting that enhancing histone acetylation may
be sufficient to overcome impairments in memory and plasticity
induced by disruption of nucleosome remodeling. As both broad-
spectrum pharmacological HDAC inhibitors (Khan and La
Thangue 2012; Ganai et al. 2016) and HDAC3-specific inhibitors
(Malvaez et al. 2013; Franklin et al. 2014; Bieszczad et al. 2015;
Rumbaugh et al. 2015; Krishna et al. 2016; Phan et al. 2017;
Suelves et al. 2017) already exist, this represents a potential novel
therapeutic avenue to improve cognition in patients with disorders
linked to impaired nucleosome remodeling.

This study demonstrates, for the first time, that deleting
HDACS is sufficient to ameliorate the long-term memory and syn-
aptic plasticity impairments caused by disruption of the BAF53b
subunit of the nBAF nucleosome remodeling complex. Although
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Figure 3. Simplified illustration of hypothesized transcriptional regula-
tion of key memory-relevant genes in HDAC3"/"°::BAF53bASB2 mice
(drawing not to scale). (A) In the absence of a learning event, HDAC3 is
tightly bound to the chromatin, functioning as a “molecular brake pad”
to maintain memory-relevant genes in a silent state (McQuown and
Wood 2011). (B) Following a significant learning event, HDAC3 and its as-
sociated corepressors are removed and the nBAF complex shifts, deletes,
or exchanges nucleosomes, allowing for an open chromatin state
around key memory-relevant genes that permits transcription. (C) In the
presence of the BAF53bASB2 transgene, nBAF-mediated nucleosome re-
modeling is impaired, restricting transcriptional access to key genes. (D)
When HDAC3 is deleted, the hyperacetylated nucleosome promotes an
open chromatin structure at key genes, providing transcriptional access
even in the context of disrupted nucleosome remodeling in mice carrying
the BAF53bASB2 transgene.

there is much work to be done to determine how these and other
epigenetic mechanisms interact during memory formation, this
study confirms that histone acetylation and nucleosome remodel-
ing cooperate to regulate long-term memory formation.
Understanding how these major epigenetic mechanisms interact
to shape chromatin structure during memory formation is critical
to understanding how long-term memory formation normally oc-
curs and how this process is disrupted in intellectual disability and
autism spectrum disorders.
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