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Signaling through RNA-binding proteins as a cell fate regulatory mechanism
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Cell identity is controlled by complex gene regulatory networks
that are subject to intricately orchestrated regulatory mecha-
nisms.1 Signaling pathways are the master choreographers of
these networks, as they ensure execution of appropriate gene
expression programs in accordance with key environmental
cues, thereby providing critical spatial and temporal control of
cell fate.2 While signaling inputs directly modulate the activity
of transcription factors, which serve as molecular determinants
of cell identity, there is a growing appreciation that post-tran-
scriptional mechanisms are an important effector arm of sig-
naling cascades.

At the core of post-transcriptional regulation are numerous
RNA-binding proteins (RBPs), which control the various steps
in RNA’s complex life cycles, from their maturation through
their degradation.3 RBPs act to facilitate the generation of cell
fate diversity from similar primary transcriptomes, enforce
transcriptional programs that maintain a given cell identity,
and guide the timely transitions between different cell fates. As
such, RBPs and their associated post-transcriptional mecha-
nisms are well-positioned to be under the control of signaling
pathways; yet, we have a rudimentary understanding of the
integration between these two regulatory layers.

To gain insight into this problem, we recently explored
the signaling-based control of LIN28, an ancient RBP that
has emerged as a central regulator of cell identity in plurip-
otent stem cells.4 Originally discovered in C. elegans as a
regulator of developmental timing, LIN28 promotes the
induction of pluripotency during somatic cell reprogram-
ming and facilitates the transition from na€ıve to primed
pluripotency.5 At the molecular level, LIN28 is known to
regulate two classes of RNA targets: the let-7 family of pro-
differentiation microRNAs, whose biogenesis is blocked by
LIN28, and select mRNAs, whose translation LIN28 can
directly modulate.4 Through phosphoproteomics analysis,
we identified multiple phosphosites in LIN28 and found
that one of them was targeted by MAPK/ERK, a critical sig-
naling regulator of pluripotency.6 This phosphorylation

event stabilized the LIN28 protein, which had little impact
on let-7 but enhanced its direct mRNA regulatory effects
and pluripotency functions, overall establishing a link
between signaling, post-transcriptional regulation, and cell
fate control (Fig. 1).

These findings provide an example of what is likely a wide-
spread regulatory mechanism, whereby signaling pathways
modulate RBPs and their associated regulatory networks to
influence cell identity. Such an integration offers several unique
opportunities for robust cell fate control. First, post-transcrip-
tional regulation can act faster than transcriptional control, a
feature that is well-aligned with the rapid-response nature of
signal transduction and the critical role of timing in develop-
mental processes. Second, since signaling is driven by environ-
mental cues, its coupling to RBPs enables direct influence of
the niche on the existing cellular transcriptome, communica-
tion that is essential to cell fate specification. Third, it allows
for multi-faceted control of RNA molecules by affecting prop-
erties other than their expression levels alone, thus providing
additional mechanisms for signaling pathways to impact cell
identity.

Direct signaling input into an RBP – such as phosphoryla-
tion – can affect various RBP properties. In the case of LIN28,
we uncovered an effect on its stability, which fundamentally
alters the stoichiometry of the RBP relative to its targets.
However, an RBP’s subcellular localization or association
with critical protein co-factors and RNA targets may also be
influenced through changes in the RBP’s binding affinity or
availability of relevant domains. And, for RBPs that enzymat-
ically alter RNAs, their catalytic activity might also be modu-
lated. At the same time, as already noted, an RBP can
regulate various aspects of RNA metabolism, including proc-
essing, localization, translation, and degradation. Altogether,
the combination of possible effects on RBP properties and
downstream effects on its cognate RNA targets generates a
diverse array of outputs that can be controlled by signaling
pathways.
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Building a more complete picture of these regulatory rela-
tionships will require a systematic interrogation of the RNA-
binding proteome. While LIN28 provides a valuable lens
into this biology, there are over 500 RBPs associated with
pluripotency alone, most of which have not been functionally
characterized.7 Hence, a first step would be to define their
functions through a combination of genetic and biochemical
approaches. Pluripotent stem cells provide a good starting
platform, which could be expanded to differentiated cell
types, since RBP function is highly context-dependent (as it
is restricted by the available transcriptome). It would further
be informative to analyze transitions between cell fates, as
RBPs may be particularly relevant in these settings (by
enforcing transcriptome switches). And, while rare, systems
that rely entirely on post-transcriptional control, such as the
earliest stages of embryogenesis or reticulocyte maturation,
could provide powerful insights into core regulatory princi-
ples. Once a functional understanding is gained, the connec-
tion to signaling pathways can be explored. This can be done
in a signaling-centric manner, by analyzing changes in an
RBP and its targets upon pathway perturbation, or in an
RBP-centric manner, such as the phosphoproteomic analysis
performed for LIN28. The accumulating public data from
global transcriptomic and proteomic studies may offer a use-
ful resource in that respect.

Ultimately, such an approach can bring us closer to charting
RBP-based post-transcriptional regulatory networks and yield
a more comprehensive understanding of the molecular founda-
tions of cell identity.
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Figure 1. Model of the coupling between signaling, post-transcriptional regulation, and cell fate control by the ERK-LIN28 axis. Left: In the absence of fibroblast growth
factor (FGF), ERK is inactive, LIN28 is not phosphorylated and thus expressed at a lower level, whereby it can bind and inhibit the processing of let-7 precursors (pre-let-7)
and engage with some of its direct mRNA targets to modulate their translation. Right: Upon FGF stimulation, ERK is activated and phosphorylates LIN28, which increases
LIN28s protein levels, allowing it to engage with more mRNA targets and enhancing its effect on translation. As indicated on the bottom, this mechanism facilitates the
transition from na€ıve to primed pluripotency.
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