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Abstract
The 5’ and 3’ untranslated regions (UTRs) of messenger RNAs (mRNAs) function as platforms
that can determine the fate of each mRNA individually and in aggregate. Multiple mRNAs that
encode proteins that are functionally related often interact with RNA-binding proteins (RBPs) and
noncoding RNAs (ncRNAs) that coordinate their expression in time and space as RNA regulons
within the ribonucleoprotein (RNP) infrastructure we term the ribonome. Recent ribonomic
methods have emerged that can determine which mRNAs are bound and regulated by RBPs and
ncRNAs, some of which act in combination to determine global outcomes. ELAV/Hu proteins
bind to AU-rich elements (ARE) in mRNAs and regulate their stability from splicing to
translation, and the ubiquitous HuR protein has been implicated in cancerous cell growth. Recent
work is focused on mechanistic models of how ELAV/Hu proteins increase mRNA stability and
translation by repressing microRNAs (miRs) and the RNA induced silencing complex (RISC) via
ARE-based ribonucleosomes that may affect global functions of mRNA regulons.

Post-transcriptional gene regulation (PTR) became a dominant process during the evolution
of eukaryotes, presumably because of the origin of the nucleus that sequesters the
chromosomes and the transcriptional apparatus. While PTR begins in the nucleus with
mRNA splicing, polyadenylation and capping, and export, once a mature mRNA reaches the
cytoplasm its fate largely determines how much protein will be generated. Many studies
indicate that nascent mRNAs are bound to RBPs in the nucleus and conveyed to cellular
sites of mRNA processing, eventually arriving at locations in the cytoplasm where they are
capable of being translated into proteins [1,2]. Indeed, functionally related groups of
mRNAs are tagged in their coding and noncoding regions within the ribonome early in their
lives such that their subsequent fates are organized and coordinated at the steps of splicing,
export, stabilization, localization and translation [1,3,4]. Many techniques and procedures
have been devised to examine the coordinated changes in mRNAs. These methods include
Selex based on natural sequences [5], RIP-chip/seq [6], CLIP [7], PAR-CLIP [8] and other
methods of RNP enrichment and RNA turnover [reviewed in 4,9,10]. However, the detailed
mechanisms that determine how RBPs bind to coding and noncoding regions of multiple
mRNAs allowing them to orchestrate global outcomes of protein production are poorly
understood. For example, one could ask how RBPs, ncRNAs and their associated trans-
acting factors cooperate or compete to coordinate PTR and protein production in time and
space. This question is beginning to be addressed in eukaryotic species with a few of the
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hundreds of known RBPs. This article will discuss mechanisms by which the ELAV/Hu
family proteins bind to mRNAs and regulate PTR on a global level.

ELAV/Hu proteins bind A/G-UUU rich RNA sequences while stabilizing and/
or activating translation of targeted mRNAs

The highly conserved ELAV/Hu family of RBPs consists of four family members, including
three that are predominantly cytoplasmic and neuron-specific (HuB /Hel-N1, HuC and HuD)
and one that is expressed primarily in the nucleus of all human cells (HuA / HuR) [reviewed
in 11-14]. Each Hu protein consists of three RNA recognition motifs (RRMs) and a flexible
hinge/linker region between RRM2 and RRM3 [11]. Using several assays including UV
crosslinking procedures, our lab discovered that HuB binds directly to ARE sequences in 3’
UTRs of c-myc, c-fos and GM-CSF [5,15], and that HuB stabilizes as well as activates
translation of the mRNA encoding glucose transporter 1 (GLUT1) [16,17]. In addition, we
devised an in vitro selection procedure involving total brain mRNA 3’ UTRs and found
about 100 novel mRNA binding targets of HuB, representing the first demonstration of
multi-targeting by an RBP other than polyA-binding protein [5]. Most of these early in vitro
mRNA targets were subsequently confirmed in ours and other laboratories to bind multiple
ELAV family members [6,10,12-14,18]. Many of these findings were unexpected because
we had assumed that ELAV/Hu proteins would destabilize ARE-containing mRNAs since
AREs were known destabilizing sequences. However, as it turned out ELAV/Hu proteins
are one of the few RBPs found to stabilize U-rich mRNAs under most conditions.
Subsequently, HuD and HuR were shown to also bind AREs [19,20] and to stabilize a bound
mRNA [21-24]. Thus, the functional similarities between the four ELAV/Hu proteins appear
to be greater than their differences.

While the level of translation of any mRNA can increase in turn by stabilization of the
mRNA, studies of HuB binding to GLUT1 mRNA demonstrated a direct effect on both
stability and translation [16,17]. Jain et. al., [17] determined mRNA stability by measuring
decay following inhibition of transcription, and they determined effects on translation by
measuring a shift of the GLUT1 mRNA from unassembled to assembled polysomes
following induction of adipocyte differentiation. These experiments indicated that
recruitment of Glut1 to active polysomes occurs independent of mRNA stabilization,
resulting in a dramatic increase in GLUT1 protein production. Moreover, subsequent studies
demonstrated that HuB can increase translation of neurofilament M (NFM) mRNA [24] and
HuR can increase translation of p53 mRNA by binding the 3’ UTRs [25], both without any
detectable effect on mRNA stability. To date, ELAV/Hu proteins are among the few RBPs
demonstrated to activate the expression of mRNAs that contain AU-rich sequences in their
3’UTRs, as most other ARE binding proteins function in their degradation. However,
depending on the mRNA target of interest, many examples of mRNA stabilization followed
by translational activation are documented, as well as a few examples of increased
translation without detectable changes in the levels of the mRNA target [12,13]. Thus, more
studies are needed to distinguish the mechanisms responsible for these differences.

The neuronal Hu proteins were originally identified as specific tumor antigens in lung
cancer patients that had developed paraneoplastic neuropathies [12], suggesting a role for
this protein family in cell differentiation. Studies have been primarily focused on the role of
HuR, as opposed to the neuronal-specific ELAV proteins, in cellular proliferation. The
increased cytoplasmic accumulation of HuR observed in both patient tumors and cancer
cells correlates with an increased stabilization of mRNAs encoding cancer-related proteins,
including regulators of the cell cycle, cell proliferation, cell survival, angiogenesis as well as
factors involved in reducing immune recognition and enhancing invasion and metastasis
[reviewed in 26]. Many of these cancer-related HuR targets are also subject to miR-
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mediated regulation based upon the presence of miRNP binding sites [27] (Figure 1).
Indeed, our data have shown that HuR mRNA targets are among the most concentrated
mRNA targets of microRNAs [28].

While it is clear that HuR functions as a modulator of the proliferative gene expression
program through regulating the stability and translation of mRNAs encoding growth-related
proteins, the molecular mechanisms underlying these functional effects remain unclear.
However, the neuron-specific ELAV/Hu proteins that have been shown to promote
differentiation also bind to many of these same mRNAs. Therefore, while the mechanisms
are likely dependent upon the cellular context and environmental conditions, clues can be
obtained from studies of the neuronal Hu proteins. As discussed below, data are consistent
with the possibility that Hu proteins may antagonize the effects of microRNAs and RISC
that are known to affect both the stability and translation of targeted mRNAs [27, 29, 30],
with some exceptions. Indeed, recent global analysis of mRNA stability using RIP-chip and
UV crosslinking with PAR-CLIP demonstrated that miRs appear to be suppressed by
ELAV/HuR when binding sites are close together or overlapping [27]. These and other data
suggest a model by which Hu proteins stabilize globally targeted mRNAs by competing with
the miR-RISC (miRNP).

Given that HuR and miRs significantly overlap in cancer-related mRNA targets and
typically have opposing functional outcomes, it is reasonable to suggest that functional
antagonism between HuR the RISC-microRNP is an important determinant of proliferation
and possibly tumorigenesis. HuR may rescue the mRNA from miR-mediated suppression
via a model whereby HuR multimerizes on targets and either physically occludes or
displaces the microRNP and allows the transcripts to be translated. Experimental evidence
for this model is discussed in subsequent sections.

ELAV/Hu proteins cooperatively form multimeric “ribonucleosomes”
An early observation regarding the functions of ELAV/Hu RBPs was that they bind to A/G-
U rich sequences and form multimeric (or oligomeric) RNPs when binding to RNA targets
[15,31]. For example, a uniform array of progressively shifted HuB-RNA complexes was
observed using gel mobility shifts suggesting that multiple protein molecules bind to a
targeted mRNA in a concentration-dependent manner [15]. Similar findings were
subsequently reported for HuD using an in vivo chemical crosslinking method [32].
However, when ELAV/HuB was bound in vitro to a 154 nucleotide fragment from the 3’
UTR of c-myc mRNA, multimers formed as expected but were disrupted by competition
with recombinant HuB RRM3 [31]. While RRM3 is highly conserved among the ELAV/Hu
family, its ability to block formation of Hu RBP ribonucleosomes is a clue to the underlying
mechanism of their functions.

A more recent study suggested that RRM3 does not participate in high affinity binding by
HuR but does play a role in multimer formation [33]. Also, in studies by White and
coworkers of the Drosophila ELAV prototype, RNP multimers were formed with an ARE-
containing RNA fragment of the ewg gene splicing substrate [34,35]. Further examination of
protein-RNA and protein-protein interactions using the Drosophila ELAV RRM3 led to a
dodecamer model of multimerization that extends over 135 nucleotides of AU-rich sequence
[35]. This model suggested a switching mechanism by which RRM3 flipped from binding
the RNA substrate to binding RRMs1 and 2 of the protein [34,35]. While this model has not
been confirmed using mammalian ELAV-like proteins, it presents an intriguing feature of
multimer formation. However, it does not adequately explain how far multimers may extend
along the RNA or whether there are structural boundaries to these putative ribonucleosomes
[36]. Indeed, it is important to know mechanistically whether cooperative generation of
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ELAV/Hu multimers encounters boundary limitations or simply grows until the supply of
the RBP is exhausted (Figure 2).

In addition, ElrB, the HuB homolog in Xenopus, was shown to form multimers, but
curiously, the HuR homolog, ElrA, could not form multimers in this species [37]. In
addition to RRM3, several papers have suggested that the linker region between RRM2 and
RRM3 plays a role in the formation of RNP multimers. Known splicing factors are believed
to form multimeric RNP complexes in the vicinity of exon-intron junctions and this
mechanism is consistent with our recent finding that HuR associates with mRNA targets
very early in their life and appears to affect their stability and splicing [27]. This may be a
general mechanism by which all ELAV/Hu proteins, including the Drosophila ELAV,
function at splice junctions and remain bound throughout the life of the mRNAs, including
at sites of alternative polyadenylation [14,38]. It remains to be determined whether HuR
functions in this mode by forming a dodecamer that would cover approximately 135
nucleotides [35]. In any case, data to date are consistent with the proposal that
multimerization is a general mechanism by which the entire family of ELAV/Hu proteins
function from splicing to translation, including their ability to suppress the destabilization
property of the miR-RISC [27,30]. Whether this involves the proposed switch of RRM3
from binding RNA to binding protein is to be determined [34].

The troika of coordinated gene expression
Gene expression is coordinated by three known mechanisms: i) DNA operons/regulons, ii)
promoter-based transcription initiation, and iii) RNA operons/regulons [4,9,39-41]. In
bacteria, DNA operons represent genes that function together and are physically grouped on
the chromosome, but also by transcription factors that function at each promoter site.
Eukaryotes also use promoter-based gene coordination, but they do not generally have
traditional DNA operons. Genes that function together in DNA operons in bacteria are
instead dispersed across the mammalian chromosomes rather than being clustered at a single
location. Historically, transcription factor initiation at specific promoters was assumed to be
the predominant means of mammalian gene coordination [42]. While transcriptional
initiation is still believed to be the predominant coordinating process of gene expression, the
advent of post-transcriptional RNA regulons led to the idea that PTR events can be
coordinated as well [1,4,9,41,43]. Moreover, mRNA regulons can change dynamically under
different conditions of growth and development, thus, demonstrating significant biological
agility that affects regulation of functionally related mRNA subpopulations [28].

While many studies have supported the concept of RNA regulons, among the strongest
evidence is found in trypanosomes where groups of functionally related mRNAs can be
coordinated even when transcriptional control is dramatically disrupted [44,45]. For
example, several recent studies demonstrated coordinated kinetics of functionally related
mRNAs during trypanosome differentiation in blood of the host. Interestingly, the parasite
has significantly reduced transcription during these phases of its life cycle. The explanation
for the coordination of these functionally related mRNAs is that they are regulated as RNA
regulons given the kinetics of decay, and many RBPs have been shown to regulate these
events [46,47]. For example, trypanosome RNA regulons were demonstrated to coordinate
many pathways and biological responses, including parasite transmission and variation of
surface antigens, an established mode to escape the host immune system. These findings
represent very strong evidence that RNA regulons function in the development and
pathogenesis of this important kinetoplastid parasite.
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Transcriptomic and ribonomic analysis of gene expression
One of the inherent problems with simple transcriptomic methods such as RNA-seq is that
they only detect the net accumulation of each type of mRNA. In fact, such “steady state” or
accumulated levels depend not only on rates of RNA synthesis but also on rates of decay.
Recent methods, such as 4-thiouridine pulsing [48], allow these two competing processes to
be discriminated because newly synthesized mRNA can be separated from “old” partially
decayed mRNA. These and other ribonomic methods have demonstrated that RBPs
coordinate the expression of distinct sets of functionally related mRNAs in homeostatic as
well as stressed cells. Moreover, these studies have demonstrated that functionally coherent
outcomes of global gene expression can be discerned with PTR data that are not apparent
from the transcriptomic data including mRNA decay kinetics, RBP and miR binding, and
translational activation [1,4,49-54]. Therefore, various experimental approaches have been
used to discover post-transcriptional RNA operons and regulons.

In addition to the coordinated changes in mRNA subpopulations, as identified in
trypanosomes and by the RIP-chip/seq procedures, CLIP and PAR-CLIP, polysome
profiling methods and genetic approaches have also revealed functionally related mRNA
targets that encode pathways and macromolecular complexes [4,9,10,28]. Most importantly,
the RIP-chip procedure and the later devised CLIP and PAR-CLIP methods have advanced
the discovery of functionally related mRNA subsets and pinpointed precise cross-linked
nucleoside adducts [7,8,27,28,55]. In the course of these experiments many developmental,
environmental and pathogen related RNA regulons have been reported [4,9,10,39,56].
Examples include: a) analysis of mRNA decay rates combined with nuclear run-on and
mRNA decay assays using microarrays [1,57-59]; b) identification of mRNA components of
ribonucleoproteins by RIP-chip/seq [6,58,60-62]. Indeed, both methods have provided
functional insights into these underlying processes that determine the transcriptome [4,9,10].

Comparisons of high-throughput sequence analyses of RNA-binding sites with RIP data
have shown that RIP procedures detect stable binding sites while ultraviolet light
crosslinking procedures, such as PAR-CLIP, detect both transient and stable interactions
[27,55,63,64]. For example, several hundred mRNA binding targets are usually detected for
HuR by the RIP procedure, but several thousands of mRNAs are detected by the PAR-CLIP
procedures. One interpretation of these surprising results is that UV crosslinking covalently
locks in transient binding events, while the simple and direct RIP conditions wash away
most transient mRNA targets, leaving the stably bound subsets of mRNA [27].

Studies in the Keene and Tuschl Labs used RIP-chip and PAR-CLIP comparisons before
and after global HuR knockdown by RNA interference [27]. Results showed that the most
stable RIP-derived HuR mRNA targets were more functionally responsive to effects on
RNA stability than were the transient PAR-CLIP-derived mRNA targets. Of interest, the
three neuronal ELAV/Hu family members all appear to bind the same mRNA targets when
expressed in HEK293 cells [27,38,(T. Farazi, T. Tuschl, unpublished)]. These data
suggested an interactive model of RBP-RNA searching or scanning by which the HuR RBP
searches for potential AU-rich RNA binding sites for HuR and can be locked in by UV
radiation. Without crosslinking, the majority of transient interactions are not detected due to
weak binding affinity. Thus, RIP-chip/seq detects high affinity RNP interactions leading to
functionally assembled complexes that lead to mRNA target stabilization and increased
translation into protein. The stepwise combinatorial RNP assembly model further explains
how RNA regulons can be remodeled, and at the same time vary in target specificity
depending on the combination of binding components available in the cellular environment
[28]. For example, one can imagine an ordered process of assembly advancing in a hierarchy
from low complexity ribonucleosomes toward progressively more complex sequence motifs
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until reaching states of higher stability. In this sense, the “RIP code” may involve increasing
complexity of sequence elements recognized by combinations of RBPs or noncoding RNAs
in trans, or RNA folding structures in cis, as sequence interactions become increasingly
complex (i.e. progressively less homopolymeric and more colorful sequence-binding
elements). Naturally, such states would involve dynamic protein-protein, protein-RNA and
RNA-RNA remodeling, making the elucidation of definitive mechanisms challenging.

Several studies reporting global remodeling of HuR RNPs during tumorigenesis have been
reported. Array analysis of colon cancer cells either over- or under-expressing HuR
demonstrated that HuR differentially regulates genes encoding proteins involved in
proliferation, angiogenesis and tissue invasion, suggesting that it plays an important role in
cancer by altering the stability/translation of mRNAs encoding proteins involved in
malignant progression [65]. Ribonomic analyses have demonstrated extensive remodeling of
HuR RNPs during tumorigenesis and in response to DNA damage [66-68]. Interestingly,
mRNAs encoding proteins involved in anti-cancer functions, such as thrombospondin1, lost
association with HuR and was thus destabilized, and mRNAs encoding proteins involved in
tumorigenesis, such as members of the Ras pathway and PI3K/AKT pathway, gained
association with HuR and thus are presumably stabilized during malignant progression.
Thus, HuR RNPs may play a role in tumorigenesis, and likely other disease states as well,
by remodeling and thus altering the stability of normally labile mRNAs encoding cancer-
related proteins (Figure 1).

Mechanistic models of ELAV/Hu effects on miRNPs and implications in
oncogenesis

As noted above, early indications that over expression of ELAV proteins HuB and HuR
stabilize ARE-containing mRNAs helped explain how synthesis of the encoded target
proteins increases [16,17,21-25,65]. There have been many attempts to address how HuR
may affect mRNA functions through interactions with microRNAs. One of the first
proposed mechanistic explanations for increased translation of a HuR mRNA target was
discovered using the cationic amino acid transporter 1 (CAT1) protein [69,70]. The data
indicated that miR-122-mediated repression of CAT1 could be reversed in a HuR-dependent
manner during induced stress. The mechanistic interpretation was that miR-122 confines the
CAT1 mRNA to processing bodies (PBs); but following induced stress, HuR translocates
CAT1 mRNA from PBs to active polysomes where it can escape the miR repression and be
translated. A similar mechanism was recently reported by the Gorospe lab demonstrating
that HuR attenuates the miR-548c-3p-mediated repression of TOP2A through the
recruitment of TOP2A mRNA from PBs to actively translating polysomes [71]. Alterations
in TOP2A levels have been observed as a mechanism of TOP2A-targeted drug resistance.
Their lab also showed that HuR can outcompete and displace miR-494 from nucleolin
mRNA, which encodes an RBP that positively regulates mRNAs encoding anti-apoptotic
and proliferation factors [72].

One could propose that the increased expression of CAT1 and TOP2A be explained by a
more direct mechanism of HuR competition with the miRNP as demonstrated in our global
analysis of multiple miRs [27]. Still, there does not appear to be a single general mechanism
by which HuR antagonizes miRNPs. For example, the Gorospe Lab also reported a very
different mechanism by which HuR can actually decrease mRNA stability and translation by
recruiting the let-7 miR and AGO2 (RISC) to the 3’UTR of c-myc mRNA [73]. HuR can act
synergistically with let-7 to reduce the expression of c-Myc, a potent inducer of apoptosis.
This suggests that HuR may act to prevent apoptosis and promote tumorigenesis by
negatively regulating c-Myc expression. The precise actions of HuR on c-Myc, and likely
other targets, can be variable and context-dependent. For example, HuR appears to
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positively regulate c-Myc both directly and indirectly [reviewed in 74]. The contrary effects
of HuR-miRNP interactions and the different outcome observed in the studies by Gorospe
and others are likely contextual depending on cell types and stresses as well as the
combination of binding factors present and the RNA substrates used.

While the direct mechanism of HuR competition with the miRNP that we reported may not
be generalizable [27], other studies of HuR-miRNP interactions have also been reported and
may have implications for cell proliferation and tumorigenesis as well. For example, the
let-7 family was shown to target several HuR-regulated oncogenes, including Ras, Myc and
HmgA2 [reviewed in 75], suggesting that disruption of let-7 activity, either through reduced
biogenesis or direct disruption of function by an antagonizing factor, may be an important
event in tumorigenesis. Likewise, miR-15a and miR-16 can function as tumor suppressors
by targeting the anti-apoptotic gene BCL-2, which is positively regulated by HuR [reviewed
in 76]. Another recent study demonstrated that cytoplasmic HuR binds directly to miR-16 to
prevent degradation of Cox-2 mRNA, a prostaglandin synthase commonly elevated in
several types of cancer [77]. HuR also appears to rescue the mRNA encoding the ERBB-2
receptor tyrosine kinase (Her2/neu) from miR-331-3p-mediated suppression in prostate
cancer cells through hindering mRNA association with the miRNP complex but not the miR
itself [78].

It has also been suggested that HuR itself may be a direct functional target of tumor
suppressive miRs. For example, miR-125a and miR-519 negatively regulate HuR, are
inversely correlated with HuR levels, and enforced expression of these miRs decreases both
HuR protein levels and tumorigenicity in athymic mice [79-81]. Therefore, not only does
HuR alter miR-mediated suppression, but miRs also can mediate HuR-regulated gene
expression, and thus, cell proliferation and potentially tumorigenesis, indicating a dynamic
post-transcriptional regulatory network [26,30]. Therefore, these experimental outcomes
appear to be complex and multifactorial, and suggest that there are many different
mechanisms for combinatorial interactions by the HuR RBP and miRs.

Collectively, these studies demonstrate that miRNP and HuR regulation are dynamic and
widespread. Both HuR and miRs are responsible for the post-transcriptional regulation of
mRNAs encoding cancer-related proteins, and interplay between the two types of factors is
potentially a determinant of a proliferative gene expression program. HuR may be a
downstream effector of critical cancer mutations, allowing a cell to increase its malignant
potential through the increased expression of normally suppressed growth-related proteins. It
will be interesting to elucidate the precise conditions that allow HuR to act synergistically or
antagonistically to alter miR-mediated repression to promote tumorigenesis, as well as the
interplay between HuR and other RBPs. Elucidating mechanisms of competition and
cooperation between RBPs and miRs will be important in order to fully understand the
combinatorial codes of RNA regulons and other complex post-transcriptional networks in
various disease states.

In conclusion, our demonstration that HuR can globally repress the degradative functions of
microRNAs associated with RISC suggests a mechanism of direct competition when the
binding sites are proximal [27]. We found that HuR binding proximal to many microRNAs-
RISC binding sites effectively competes against the RISC complex and counters its mRNA
degradative function. But these data were cumulative across multiple mRNA targets and a
defined group of miRs, and were not designed to detect mRNA derepression occurring over
longer distances. Whether the derepression of RISC-miRNP on the CAT1 mRNA as
observed in the Filipowicz Lab [69] requires proximal overlap or can work at various
distances in vivo via the multimerization of HuR remains to be determined. However, their
more recent in vitro study [82] suggests that HuR can stabilize mRNA at a distance of up to
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50 nucleotides from the RISC. Thus, regardless of the precise distances over which HuR
appears to functionally repress RISC-miRNPs, the logical model is that multimerization of
HuR, and likely other members of the ELAV family, can either block or displace the miRNP
complex, allowing mRNA targets to be stabilized (Figure 2), albeit within a context that
may not be universal. Our data [27] are consistent with the hypothesis that RNA regulons
use ribonucleosome competition as a mechanism to coordinate functionally related mRNA
subpopulations associated with ELAV/Hu RBPs and to dynamically remodel RNPs in a
contextual manner in response to developmental and environmental signals. Further
investigation will be necessary to address this ribonucleosome model.
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Figure 1. Depiction of the cytoplasmic mobilization of HuR known to occur during various
activation conditions as well as the proliferative states of transformed cells [21, 26]
In quiescent and non-transformed cells, HuR protein (red circles) is primarily nuclear, and
ARE-containing mRNAs are rapidly destabilized by the RISC-miR complex or other
destabilizing RBPs [21]. In highly proliferating cells (including cancer cells), as well as in
response to certain environmental stresses, HuR protein is shuttled to the cytoplasm where it
can stabilize normally labile mRNA targets, potentially through antagonizing destabilizing
factors [21,69,71-73,77,78]. The boxes at the bottom show established mRNA targets of
HuR and many miRs [26]. HuR and miRs regulate overlapping subsets of mRNAs encoding
proteins involved in the acquisition of cancer-related phenotypes [27].

Simone and Keene Page 13

Curr Opin Genet Dev. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Ribonucleosome model depicting antagonism of the miR/RISC mRNA destabilizing
complex by proximal binding of HuR and possibly other members of the ELAV/Hu RBP family
[27,82]
In the example, a single molecule of HuR binds at a U-rich RNA-recognition element
followed by cooperative binding of multiple HuR molecules [15,19-21,31-37]. Depending
on the exact spacing between the nucleation site and the miR/RISC, multimeric binding of
HuR could result in steric hindrance or physical displacement of the RISC. This event would
logically antagonize the destabilization functions of miR/RISC [29] resulting in increased
stability of the mRNA target by HuR, and plausibly, all ELAV/Hu RBPs as demonstrated
[16-17,21-23]. The model suggests that a HuR ribonucleosome may displace the miRNP to
stabilize mRNA targets. However, the precise binding motifs and coding rules that
determine nucleation and multimerization of HuR are poorly understood and may differ with
each message [15,31,34,35].
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