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The generation of new neurons in the subventricular zone of the dentate gyrus during
adulthood is indispensable to hippocampaldependent learning and memory formation
(Gonçalves et al., 2016). A decrease in neurogenesis is associated with increased
anxiety, depression, and other neurodevelopmental disorders (Jacobs et al., 2000;
Taliaz et al., 2010). The source of new neurons is a population of neural stem cells
(NSCs) in the dentate gyrus that can selfrenew and give rise to new neurons and astrocytes. Evidence shows that epigenetic
mechanisms tightly regulate the “stemness”
of NSCs and the complex genetic pathways
that determine their commitment to discrete lineages.
One of the most studied epigenetic modifications is DNA methylation. The addition
of a methyl group to the fifth carbon of cytosines within promoters prevents the binding of transcription factors and results in a
reduction of gene expression. Because this
activity is essential for proper development
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pect perturbation of this important regulatory
mark to alter NSC behavior. The detrimental
effects on neurogenesis observed after deletion
of the DNA methyltransferase DNMT3A
and the demethylation-promoting protein
Gadd45b (Ma et al., 2009; Wu et al., 2010)
support this hypothesis.
DNA methylation does not regulate
gene expression exclusively through the
steric interference of transcription factor
binding, however. Instead, methylated
DNA can serve as a signal for the recruitment of methylated DNA binding proteins,
such as Mecp2 and methyl-CpG binding
domain (MBD) 1– 6. This family of proteins
is characterized by a specific MBD that preferentially interacts with methylated DNA.
The binding of MBD proteins to methylated
DNA is commonly associated with gene repression (Du et al., 2015).
Several MBD proteins are important for
NSC differentiation and adult neurogenesis.
Transgenic rodent models of Rett syndrome,
in which MeCP2 is mutated or duplicated,
show reduced neurogenesis (Tsujimura et al.,
2009; Chen et al., 2017), and phosphorylation
of serine 421 of MeCP2 regulates differentiation and proliferation of NSCs (H. Li et al.,
2014). Other recent examples include the role
of MBD3 in neural cell differentiation in the
cortex (Knock et al., 2015) and of MBD5 in
balancing NSC differentiation and proliferation (Gigek et al., 2015).
Previous studies revealed that MBD1 is
also necessary for proper neurogenesis. Lack
of MBD1 resulted in impaired hippocampal

activity and autistic-like behaviors in mice
(Zhao et al., 2003; Allan et al., 2008). Since
then, it has become clear that, at least in part,
MBD1 binds and stabilizes methylated
DNA at the promoters of Fgf2 and miR-184
in cultured NSCs, represses the expression
of these factors, and thereby enables neuronal differentiation (X. Li et al., 2008; Liu et
al., 2010). Yet, the role of MBD1 in the intact
adult dentate gyrus remained unexplored.
In a recent study in The Journal of
Neuroscience, Jobe et al. (2017) further
probed the mechanism by which MBD1 orchestrates the complex self-renewal and
differentiation processes underlying neurogenesis. In a comprehensive set of immunohistochemical experiments, the researchers
examined the expression pattern of MBD1
in the dentate gyrus, where NSCs either differentiate to become astroglia or undergo a
serial maturation through progenitor stages
(Types 1, 2a/b, and 3) before ultimately developing into mature neurons. Jobe et al.
(2017) found that MBD1 was expressed in
NSCs and adult neurons but not in immature neurons or astrocytes. Accordingly,
they found that MBD1 knock-out caused an
accumulation of intermediate Type 2a/b
progenitor cells, with an apparent differentiation block that prevented the cells from
progressing to become Type 3 cells and mature neurons. These observations explain
previous reports of overall reduced neurogenesis and the resulting abnormal behaviors that accompany MBD1 knock-out
(Zhao et al., 2003).
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Using wild-type and MBD1 knock-out
mice that harbor a GFP reporter downstream of the NSC marker nestin, Jobe et al.
(2017) used FACS to isolate putative NSCs
from the dentate gyrus. RNA sequencing of
these nestin-positive cells revealed that 270
genes were differentially regulated in knockout and wild-type mice (124 were more
highly expressed in knock-out and 146 were
expressed at lower levels in knock-out). Notably, MBD1-deficient NSCs were characterized by increased expression of astrocyte
markers and reduced expression of neuronal genes. Indeed, in vitro experiments confirmed impaired neuronal commitment in
MBD1 knock-out NSCs. Together, the results of this study provide compelling
evidence of the role of MBD1 in the maintenance of NSCs and proper neuronal differentiation and commitment.
Despite a lack of high-quality MBD1 antibody, Jobe et al. (2017) were able to show
the expression pattern of MBD1 in NSCs
and the lineages to which they contribute
by using a previously established MBD1
knock-out mouse model (Zhao et al., 2003).
In these mice, exons 2–10 of the MBD1 gene
were replaced by a sequence encoding
␤-galactosidase, allowing the use of an antibody against this enzyme to identify cells
that normally express MBD1. However, it is
well established that the double-strand
break and homologous recombination involved in the introduction of this foreign
DNA result in radical changes in DNA
methylation, histone modification, and expression of adjacent genes (Russo et al.,
2016). Because the first exon and promoter
were included in the targeting vector as part
of the homology arm required for recombination, it is exceedingly likely that the epigenetic marks in these regions were altered by
the knock-out. Moreover, this targeting vector was not methylated, and its introduction
into the endogenous DNA could potentially
introduce an unmethylated promoter into
every cell in the animal. The expression patterns of MBD1 in this mutant therefore may
not necessarily recapitulate the endogenous
distribution of MBD1. Although this knockout strategy is widely used and accepted,
it is necessary to consider the artifacts it may
introduce into immunohistochemical experiments. Future development of a high-quality
antibody against MBD1 could provide strong
supportive evidence for the current findings.
In the current study and a previous study
(Jørgensen et al., 2004), MBD1 was suggested to act as a repressor that binds DNA
and silences gene expression. Therefore, the
authors focused on the ability of MBD1 to
repress lineage differentiation genes and
presented the aberrant activation of these
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genes upon MBD1 knock-out as a primary
mechanism for inappropriate and incomplete neuronal differentiation. However, the
RNA-sequencing data from wild-type and
knock-out MBD1 dentate gyrus NSCs suggest a more complex view. Although expression of lineage differentiation genes was
increased in knock-out mice, expression of
more than half of the transcripts measured
actually decreased. This phenomenon may
seem counterintuitive if MBD1 exerts its effects solely by means of a repressive activity,
as its relief by knock-out would be expected
to invoke an overall increase in gene expression. There are several possible explanations
for the decrease in gene expression, however, as discussed below.
Although classically considered transcriptional repressors, recent findings suggest that some MBD proteins can induce
gene expression. For example, in the hypothalamus, MeCP2 was found to activate the
vast majority of genes that it affected. Mechanistically, an interaction between MeCP2
and the transcriptional activator CREB1
was deemed responsible for the promoting
expression (Chahrour et al., 2008). More recently, MeCP2 was demonstrated to recruit
CREB1 to maintain Foxp3 expression to
preserve the suppressive functions of regulatory T cells during inflammation (C. Li et
al., 2014). Furthermore, MBD2 was shown
to promote expression of the glucocorticoid
receptor in the hippocampus via interaction
with Egr1 (Zif268) (Weaver et al., 2014). Interestingly, MBD2 exerts bidirectional influence on transcription by binding with
either HDAC2, as part of a repressive complex, or with TACC3 and the histone acetyltransferase pCAF, as part of a reactivating
complex (Angrisano et al., 2006). MBD3 behaves in an analogous manner and can bind
both DNA methyltransferases and MBD2 to
increase or decrease DNA methylation, respectively (Cui and Irudayaraj, 2015).
All four isoforms of MBD1 contain the
transcriptional repression domain, a critical
region responsible for the silencing activity
of MBD1. However, given the complex effects of other MBD proteins on DNA methylation and gene expression, it is possible
that MBD1 can promote gene expression,
either independently or through its binding
partners, by a mechanism that has yet to be
discovered. It is thus important to note that
the transcriptional repression domain of
MBD1 is intrinsically disordered (Hameed
et al., 2014), and it is conceivable that it may
therefore promiscuously interact with unidentified transcriptional activators.
An alternative hypothesis is that MBD1
exclusively represses target genes, but genes
downregulated by MBD1 knock-out are hier-

archically regulated. For example, MBD1
might inhibit the expression of transcriptional
repressors that, upon MBD1 knock-out, are
now unhampered and able to reduce expression of downstream genes. This indirect
model of MBD1-mediated upregulation reconciles the prevailing theory that classifies
MBD1 as a repressor with the downregulation
observed in RNA-sequencing experiments by
Jobe et al. (2017).
These hypotheses can be resolved by
well-constructed studies that involve a
combination of chromatin immunoprecipitation sequencing and gene expression
analysis in NSCs. If this approach reveals
that MBD1 does not directly bind to genes
downregulated in MBD1 knock-out mice,
this would support the aforementioned
hierarchical model. However, if the downregulated genes exhibit MBD1 binding under physiological conditions, it will be
necessary to entertain the possibility that
MBD1 is not a strict transcriptional repressor and to devise experiments to identify its
binding partners. Together, such a comprehensive approach might provide a detailed
understanding of the intricate effects of
MBD1 binding on gene expression and its
influential role in adult neurogenesis. Nonetheless, by elucidating the mechanisms by
which MBD1 influences NSC maintenance
and differentiation, Jobe et al. (2017) provide insights into the complex epigenetic
pathways that regulate the dynamic cellular
changes underlying memory formation in
the hippocampus.
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