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In this issue of Genes & Development, Shapira and
colleagues (pp. 660–673) outline mechanisms by which
the brown fat transcription factor early B-cell factor 2
(EBF2) selectively activates brown lineage-specific gene
expression. The investigators show that EBF2 interacts
with and recruits a tissue-specific BAF chromatin remod-
eling complex to brown fat gene enhancers, thereby regu-
lating chromatin accessibility. Their findings provide
important insight into epigenetic regulation of adipocyte
fate and thermogenic gene expression.

Mammals have different types of adipocytes that are spe-
cialized to either store energy (white fat) or dissipate it in
the form of heat (brown and beige fat) (Rosen and Spiegel-
man 2014; Inagaki et al. 2016). The molecular mecha-
nisms underlying the distinct gene expression signatures
of these cell types are incompletely understood. In partic-
ular, the role of chromatin remodeling factors in brown/
beige adipocytes remains to be fully defined. Epigenetic
chromatin changes—including DNA methylation, his-
tone modification (methylation and acetylation), and
alterations in chromatin accessibility—are important
contributors to tissue-specific gene expression. Chroma-
tin modifications generate unique DNA landscapes that
affect the engagement of DNA-binding transcription fac-
tors, thereby facilitating context-specific promoter and
enhancer activity (Ho and Crabtree 2010). At present, lit-
tle is known about the cooperation between brown fat-
specific transcription factors and chromatin remodeling
proteins. A better understanding is also needed of the rela-
tionship between spatiotemporal changes in chromatin
conformation and the recruitment of specific DNA-bind-
ing complexes. In this issue of Genes & Development,
Shapira et al. (2017) advance our understanding of these is-
sues by linking the action of the thermogenic transcrip-
tion factor early B-cell factor 2 (EBF2) with BAF
chromatin remodeling complexes.

EBF2 was identified initially as a transcription factor
that determines adipocyte fate by regulating PPARγ bind-
ing at brown fat gene promoters (Rajakumari et al. 2013).
EBF2 expression is a determinant of brown/beige preadi-
pocyte identity and is indispensable for beige adipocyte
development (Wang et al. 2014). Mice lacking EBF2 are
unable to activate the thermogenic program in inguinal
white adipose tissue (iWAT) in response to adrenergic
stimulation. Conversely, transgenic expression of Ebf2
in adipose tissues robustly stimulates beige adipocyte for-
mation (Stine et al. 2016). However, whether and how
EBF2 affects chromatin remodeling at brown/beige adi-
pose-specific enhancers have been unclear.

Shapira et al. (2017) used ChIP-seq (chromatin im-
munoprecipitation [ChIP] combined with high-through-
put sequencing) analysis to show that EBF2 bound
preferentially to enhancer regions of brown fat-specific
genes. They further investigated the importance of EBF2
in gating the binding of other key transcriptional regula-
tors. Importantly, they found that loss of EBF2 in brown
adipose tissue (BAT) resulted in reduced PPARγ and
RNA polymerase II occupancy and reduced levels of the
activating histone mark H3K27ac on brown fat-selective
cis elements. In complementary studies, they identified
genes differentially regulated between wild-type and
Ebf2-deficient BAT by RNA sequencing (RNA-seq) and
correlated their expression with ChIP-identified EBF2-
binding sites. Gene ontology analysis confirmed that
EBF2-responsive genes were enriched for processes associ-
ated with brown fat thermogenic function, such as elec-
tron transport chain activity and oxidative metabolism.

Having established that EBF2 regulates chromatin ac-
cessibility, Shapira et al. (2017) then endeavored to define
the chromatin modifiers with which EBF2 partners to reg-
ulate thermogenesis. ATP-dependent BAF (SWI/SNF)
chromatin remodeling complexes are known to regulate
gene expression in cooperation with developmental stage-
and tissue-specific transcription factors (Kadam and Em-
erson 2003). Each BAF complex contains one of two
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DNase catalytic components, BRG1 or BRM, and multi-
ple noncatalytic regulatory subunits. To explore the possi-
bility that EBF2might engage BAF complexes tomodulate
chromatin structure, Shapira et al. (2017) first confirmed
a physical interaction between EBF2 and BRG1 in mature
brown adipocytes. They then examined the importance
of the BAF complex in regulating the brown-selective
transcriptional program. Since the regulatory subunits of
BAF complexes tend to have tissue-specific expres-
sion, the investigators profiled the expression of a panel
of subunits in BAT and iWAT. Interestingly, double
PHD fingers 3 (DPF3) was found to be preferentially ex-
pressed in brown/beige adipocytes compared with white
adipocytes.
The investigators next demonstrated through knock-

down studies that DPF3 was required for brown-specific
gene expression and respiratory activity in brown adipo-
cytes as well as the beigeing process in white adipocytes.
Using formaldehyde-assisted identification of regulatory
elements (FAIRE), they further provided evidence that
DPF3 determines chromatin accessibility at enhancer re-
gions of brown lineage-specific genes, including Ucp1.
Moreover, the absence ofDPF3was found to impair the re-
cruitment of BRG1 to brown gene enhancers, thereby
compromising their permissive chromatin state.
Finally, Shapira et al. (2017) determined thatDpf3was a

direct transcriptional target of EBF2, establishing the exis-
tence of a feed-forward mechanism. Dpf3 expression was
shown to be linked with EBF2 levels in the cell. Further-
more, ChIP-seq analysis identified an EBF2-binding site
within the first intron ofDpf3. Disrupting this EBF2motif
by CRISPR–Cas gene editing reduced Dpf3 mRNA and
protein levels by 60% without affecting the brown adipo-
genic program, confirming that EBF2 regulates DPF3 ex-
pression independent of differentiation status.
Overall, Shapira et al. (2017) elucidate a regulatory cas-

cade in which EBF2 activates expression of the chromatin
reader DPF3 and simultaneously recruits DPF3-anchored
BAF complexes to brown fat-selective enhancers, thereby
increasing chromatin accessibility and gene expression.
An important implication of the current findings is that
EBF2 acts as a pioneer factor capable of accessing target ge-
nomic sites in a closed chromatin state, preceding the re-
cruitment of chromatin remodelers. This possibility is

supported by the finding that EBF2 binding to brown-spe-
cific enhancers did not depend on the presence of DPF3
and BRG1. A key goal for future studies will be to deter-
mine the exact mode by which BAF complexes are target-
ed specifically to BAT/beige gene enhancers. Although
Shapira et al. (2017) provided evidence that EBF2may pre-
cede BAF complex binding at brown fat-selective enhanc-
ers, it remains to be determined whether EBF2 plays this
instructive role exclusively. It is also unclear whether ad-
ditional signals direct BAF complexes to their target chro-
matin sites. Since the histone reader domain of DPF3 is
critical for mediating EBF2-induced Ucp1 expression, it
is possible that BAF complexes are capable of recognizing
and docking at BAT/beige-specific enhancers independent
of EBF2. Finally, it will be interesting to characterize
DPF3 function in brown and beige fat in vivo with tis-
sue-specific DPF3 knockout models.
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