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Transcription is a key mechanism underlying the control of 
gene activities and cell identity during animal development 
and disease. Such genomic regulatory information is 
encoded in the form of a DNA/protein complex termed 
chromatin. Expression of genes underlying cell fate choices 
is coordinated by the binding of pioneer or lineage-specific 
transcription factors to gene-proximal promoters or distal 
enhancers. Time course measurements of transcription 
profiles in different cell types and their response to stimuli 
suggested that actively transcribed enhancers and binding 
of lineage-specific transcription factors coordinate for 
transcription events leading to cell type transition during 
development (1). Thus, cellular differentiation requires 
changes in transcription networks that are accompanied 
by dynamically altering local chromatin structure and 
enhancer/promoter activities at specific sets of genes.

Embryonic stem cells (ESCs) have the ability to 
differentiate into any cell type of the body. This potential 
is modulated by the balance of two key properties of stem 
cells: self-renewal and differentiation. ESCs provide an 
accessible in vitro model that can be biochemically and 
genetically manipulated to understand basic differentiation 
decisions such as specification of germ layers and 
subsequent lineage differentiation. Ability of pluripotent 
stem cell to differentiate into different cell types is thought 
to be coordinated by transcription decisions and extrinsic 
signaling cues. In human ESCs, genome-wide studies 
revealed two classes of enhancers with different chromatin 
signatures in early embryonic development (2). The first 
class of enhancers (class I) is active in stemness stage that 
is characterized by overlapping H3K4me1 and H3K27ac 
marks and required for hESC maintenance. In contrast, 

the second class enhancers are poised enhancers (class II) 
that are distinguished by the absence of H3K27ac and are 
required for differentiation into descendent lineages during 
embryonic development, but are inactive in hESCs (2).  
Thus, a central question is how stem cells render 
differentiation competence and how transcription signaling 
and extrinsic signals incorporate to determine cell fates.

In recent issue of Cell Stem Cell, Wang et al. described a 
novel enhancer epigenetic priming mechanism for acquiring 
developmental proficient to enable cells in response to 
extrinsic differentiation stimuli (3). In this study, the authors 
mapped the enhancer chromatin state over a time course 
of hESC endodermal differentiation through multiple 
developmental stages into terminal pancreatic and hepatic 
precursors. By comparing histone modifications and Gro-
seq nascent transcript profiles at different stages, they 
revealed that H3K4me1 defines a developmental poised 
configuration for differentiation competent enhancers. 
Monomethylation of H3K4 enables these regulatory 
elements to respond to developmental signaling cues and 
to be activated in descendent lineages. Poised chromatin 
configuration (e.g., H3K4me1) at enhancers may be 
actively acquired by the binding of pioneer transcription 
factor Forkhead box protein A1 (FoxA1). The presence 
of H3K4me1 modification at lineage-specific enhancers 
determines cell identity, allows lineage-specific transcription 
factor to recognize them in response to extrinsic signaling 
cues, and becomes activated by subsequent H3K27 
acetylation. Following enhancer activation and gene 
transcription, cells transit from developmental competence 
state into lineage-specific differentiation (Figure 1). This 
regulatory mechanism can occur in different stages of 
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differentiation (Figure 1).
Pioneer transcription factors play a critical role in 

reprograming one type of cells into another (4). Such 
pioneer factors must have remarkable ability to recognize 
and engage lineage-specific genes that are developmentally 
silenced in stem cells (e.g., ESCs). These developmentally 
silenced genes are often embedded in “closed” chromatin 
structure that is marked by repressive histone modifications 
and occupied by regular nucleosomes. FoxA is a member 
of the forkhead class of DNA-binding transcription factors 
that regulate metabolic pathways and differentiation of the 
pancreas and liver lineages. FoxA functions as a pioneer 
transcriptional activator for pancreatic or liver-specific gene 
expression by interacting with and opening closed chromatin 
to initiate differentiation events. Wang et al. showed that 
binding of FoxA1 positively correlates with H3K4me1 
and gain of developmental proficient state. Surprisingly, 
FOXA1 depletion did not affect the levels of H3K4me1 
suggesting potential compensation effects of other forkhead 
transcription factors. It is unclear if the competent state of 

cells is affected by the FOXA1 KD (3). Testing the model 
that FoxA1 or other forkhead transcription factors set 
up H3K4me1 at poised enhancer will require additional 
experiments to determine whether FOXA1 directly recruits 
Set1/MLL histone H3K4 methyltransferase complexes 
or the recruitment is mediated by interaction partners 
of FOXA1. It is reported that FOXA1 protein physically 
interacts with upstream stimulatory factors (USFs) which 
can bind to a consensus DNA sequence similar to FOXA1 (5).  
USFs are also able to maintain open chromatin state by 
recruiting Set1/MLL and chromatin remodeling complexes 
to regulate ES cell pluripotency and differentiation (6,7). 
Thus, it is conceivable that in specific context USFs can 
function as pioneer transcription factors or do so by 
interacting with pioneer factors. Furthermore, long non-
coding RNAs also could act as epigenetic regulators to 
control ESC pluripotency and germ layer differentiation 
by recruiting chromatin modifying factors to remodel 
local chromatin structure (8,9). Except for determining the 
regulatory mechanisms by which chromatin binding factors 
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Figure 1 Histone modifications supervise enhancer activities in multiple developmental stages. In pluripotent stem cells or multipotent 
stem/progenitor cells, lineage/cell-specific enhancers are silent by repressive chromatin structure. Binding of pioneer transcription factors 
remodels the repressive chromatin and leads to H3K4me1 poised enhancers. The H3K4me1 modification renders the ability of enhancers 
to respond to extrinsic signalling stimuli. Upon induction of differentiation signals, lineage-specific transcription factors access to enhancers 
and recruit p300 to acetylate histone H3 at lysine 27, leading to activation of lineage specific transcription programs and differentiation. 
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and RNA are involved in committing regulatory elements of 
the developmental potency programs during differentiation, 
equally important question is what are the regulatory 
mechanisms that lead to decommission of regulatory 
elements of stem cell programs?

Histone modifications play a crucial role in gene 
transcriptional regulation and in specifying cell fate 
decisions during development. In the stem cells, the 
promoters that drive expression of lineage specific genes 
are bookmarked by bivalent histone modifications, 
H3K4me3 and H3K27me3, which render developmental 
genes primed for differentiation program (10). However, 
it is well known that enhancers exert spatial and temporal 
controls of developmentally regulated gene expression. 
To determine the chromatin state of enhancers that 
possesses  developmental  prof ic iency for  l ineage 
differentiation, the authors examine poised enhancers in 
multiple developmental steps. They demonstrated that 
H3K4me1 primed enhancers provide a developmental 
competency of stem cells in multiple development steps 
including terminal differentiation (3). These data suggest 
that histone modifications play a key role in committing 
and coordinating enhancers and promoter to respond to 
developmental signals. Thus, it is interesting to test whether 
the poised enhancers and bivalent promoters communicate 
with each other to instruct specific differentiation pathways. 

Finally, the authors showed that binding of lineage 
specific transcription factor PDX1 at the poised enhancers 
drives enhancer activation (e.g., H3K4me1 and H3K27ac) 
and pancreatic differentiation programs (3). Consistent 
with this observation, in the molecular level PDX1 recruits 
p300 to regulate pancreatic lineage specific gene expression 
presumably acetylating enhancer histone and leading 
gene activation (11). These findings provide evidence that 
chromatin state of DNA regulatory elements bestows cell’s 
ability to interpret extrinsic induction signals from their 
environment and determine differentiation program. In 
this regard, it will be particularly interesting to identify 
the specific chromatin-associated enzyme complexes 
decommissioning as well as subsequently committing 
the enhancers/promoters of pluripotent programs and 
activating them during development.
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