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‘Big bang’ of B-cell development revealed
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Earlier studies have identified transcription factors that
specify B-cell fate, but the underlying mechanisms
remain to be revealed. Two new studies by Miyai and col-
leagues (pp. 112–126) and Li and colleagues (pp. 96–111) in
this issue of Genes & Development provide new and un-
precedented insights into the genetic and epigenetic
mechanisms that establish B-cell identity.

Immune cells originate from self-renewing long-term
hematopoietic stem cells (LT-HSCs) through many
intermediate steps. Specifically, LT-HSCs give rise to
multipotent progenitors (MPPs) and lymphoid-primed
multipotent progenitors (LMPPs) that lack self-renewal
capacity (Fig. 1). LMPPs have the ability to differentiate
into either common lymphoid progenitors (CLPs), granu-
locyte/macrophage progenitors (GMPs), or early T-cell
progenitors (ETPs). The CLP compartment consists of
all lymphoid progenitors (ALPs) and B-cell-biased lym-
phoid progenitors (BLPs). ALPs have the ability to give
rise to B- and T-lineage cells, natural killer cells, and lym-
phoid dendritic cells. BLPs differentiate predominantly
into B-lineage cells (Fig. 1).
The developmental progression of hematopoietic pro-

genitor cells is initiated by priming enhancer repertoires
to facilitate transcription factor occupancy, dictate en-
hancer–promoter communication, activate lineage-spe-
cific programs of gene expression, and suppress the
expression of genes associatedwith alternative cell lineag-
es. Each of these processes is controlled by a series of now
well-characterized transcription factors. In B-cell progeni-
tors, the prominent factors are the E proteins, EBF1,
FOXO1, Ikaros, and PAX5 (Fig. 1; Bain and Murre 1998;
Singh et al. 2007; Georgopoulos 2017). They act in a hier-
archical as well as combinatorial manner. In BLPs, E2A
and HEB activate the expression of FOXO1. Once ex-
pressed, FOXO1 acts in concertwith E2A to induce the ex-
pression of EBF1 (Zandi et al. 2008; Mercer et al. 2011).
Through a positive intergenic feedback circuitry, EBF1
and FOXO1 activate a B-lineage-specific program of gene
expression. Finally, PAX5 acts at multiple levels to com-
mit cells to the B-cell fate (Medvedovic et al. 2011).

These earlier studies provided a molecular framework
that underpins early B-cell development. However, since
the progenitor populations are rare and quite heteroge-
neous, a detailed understanding of how gene expression/
repression patterns and epigenetic marking are estab-
lished and change in developing B-cell progenitors is
mostly lacking. Miyai et al. (2018) have addressed this is-
sue by engineering an elegant novel culture system. Spe-
cifically, the investigators established a long-term
culture of B-cell progenitors by conditionally inducing
the expression of the antagonist helix–loop–helix protein
Id3. This was accomplished by transducing progenitor
cells with a retroviral vector expressing an Id3-ER fusion
protein in the presence of tamoxifen. Notably, repression
of E-protein activity in B-cell progenitor cells readily es-
tablished a culture of cells that displayed long-term self-
renewal potential but, upon withdrawal of tamoxifen, ex-
hibited normal lineage developmental progression and re-
striction that allowed for a detailed temporal description
of the key events that orchestrate the onset of B-cell de-
velopment. The investigators found that the specifying
B-cell fate is closely associated with three waves of dis-
tinct transcription signatures. Why does the activation
of lineage-specific patterns of gene expression occur in
three phases? The data suggest that the programming of
B-cell development is ordered in terms of transcription
signatures. Moreover, the sequential activation of gene
expression is directly related to cell physiology. Specifi-
cally, the first wave of gene expression involves the sup-
pression of enhancer repertoires associated with
multipotency and the repression of enhancers or promot-
er regions associated with alternative cell lineages. The
second wave involves the activation of genes associated
with cell cycle progression and cellular metabolism. Fi-
nally, the third wave involves the establishment of a
now well-established regulatory circuitry of factors that
specify B-cell fate, such as E2A, FOXO1, EBF1, and
PAX5. This distinct pattern of waves of transcription sig-
natures in lymphoid progenitors is not unique to the B-
cell lineage. The onset of Th17 cell differentiation is
also associated with waves of transcription signatures
that are characterized by unique physiological activities
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(Yosef et al. 2013). Thus, it may very well be thatmultiple
phases of gene expression patterns associated with early
B-cell development reflect a general feature of differenti-
ating immune cells.

Li et al. (2018) also apply an inducible model of early B-
cell development but targeting EBF1 rather than the E pro-
teins. This study aimed to define the hierarchy of tran-
scriptional and epigenetic events that underpin EBF1-
mediated B-cell programming. Time-resolved and global
analysis of EBF1-bound sites, DNAmethylation, chroma-
tin accessibility, and transcription signatures revealed dis-
tinct phases of gene expression during EBF1-mediated B-
cell programming that correlate well with alterations in
the epigenetic landscape analogous to that described by
Miyai et al. (2018). The data provide strong support for a
“pioneering activity” of EBF1, since most of the EBF1-
bound siteswere not associatedwith nucleosome eviction
or active epigenetic marks. The pioneering DNA-binding
activities of EBF1, however, were restricted to a subset of
cognate binding sites, since EBF1was not able to associate
with potential binding sites across the genomes of nonhe-
matopoietic cells. Thus, transcription factors can perform
a pioneering function only when expressed in the appro-
priate cell context. This raises the question of how
cells enforce such rules. One possibility is that subsets
of transcription factor-binding sites are not accessible in
distinct cell lineages, since they are sequestered away in
transcriptionally repressive or inert environments such
as heterochromatic regions or nuclear structures such as
polycomb bodies. Our insights into mechanisms that me-
diate transcriptional repression remain rudimentary and
need to be addressed in much more detail. The data also
bring into question how EBF1 activity leads to changes
in chromatin accessibility. As pointed out by the investi-
gators, thismost likely involvesmembers of the SWI–SNF
chromatin remodeling complex (Maier et al. 2004; Li et al.

2018). Initially EBF1 as a pioneer would find its cognate
binding sites across a B-lineage-specific enhancer reper-
toire and promote a change in histone modifications, pos-
sibly involving CBP/p300. This would be followed by
recruitment of BRG1-containing chromatin remodelers,
leading to the depletion of nucleosomes in nearby regions
to permit binding of additional regulators, ultimately al-
lowing for full activation of nearby gene expression. An-
other interesting feature of the study by Li et al. (2018) is
the notion that EBF1 transiently binds to a subset of sites
associated with genes whose expression declines in ma-
turing B cells. What is the role of transient EBF1 occupan-
cy as it relates to the suppression of programs of gene
expression associated with alternative cell lineages? The
data suggest that EBF1 acts selectively at an ensemble of
sites to facilitate occupancy of transcriptional repressors
such as PAX5 to suppress gene expression (Medvedovic
et al. 2011). Alternatively, EBF1 may act to modulate nu-
clear positioning, plausibly involving the activation of
noncoding transcription.

In summary, these elegant studies provide new insights
into the mechanisms that orchestrate sequential patterns
of gene expression to establish B-cell identity. As always,
the findings raise many new questions and directions. For
example, how do the various transcription factors com-
pete and cooperate in time to generate lineage-restricted
lymphocytes? How is transient transcription factor occu-
pancy associated with the suppression of transcription as-
sociated with alternative cell lineages? How rigid is the
program as it relates to temporal and quantitative levels
of expression? The developmental systems engineered
and described in these two studies will help to reveal
howa complex interplay of transcriptional regulators acti-
vates sequential programs of gene expression and may
serve as a paradigm for the developmental progression of
cells across the animal and plant kingdoms.

Figure 1. Schematic diagram depicting
the roles of transcriptional regulators dur-
ing hematopoiesis. Distinct developmental
stages are indicated. Transcription factors
associated with developmental check-
points are shown. (Mac) Macrophages;
(Neu) neutrophils; (DN) CD4−CD8− thy-
mocytes; (DP) CD4+CD8+ thymocytes.
LT-HSCs, MPPs, LMPPs, ALPs, and BLPs
are described in the text.
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