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Abstract
The RNA-binding proteins encoded by the highly conserved elav/Hu gene
family, found in all metazoans, regulate the expression of a wide range of
genes, at both the co-transcriptional and posttranscriptional level. Nervoussystem-specific ELAV/Hu proteins are prominent for their essential role in
neuron differentiation, and mutations have been associated with human
neurodevelopmental and neurodegenerative diseases. Drosophila ELAV,
the founding member of the protein family, mediates the synthesis of neuronal RNA signatures by promoting alternative splicing and alternative
polyadenylation of hundreds of genes. The recent identification of ELAV's
direct RNA targets revealed the protein's central role in shaping the neuronal transcriptome, and highlighted the importance of neuronal transcript
signatures for neuron maintenance and organism survival. Animals have
evolved multiple cellular mechanisms to ensure robustness of ELAV/Hu
function. In Drosophila, elav autoregulates in a 30 UTR-dependent manner
to maintain optimal protein levels. A complete absence of ELAV causes the
activation and nuclear localization of the normally cytoplasmic paralogue
FNE, in a process termed EXon-Activated functional Rescue (EXAR). Other
species, including mammals, seem to utilize different strategies, such as
protein redundancy, to maintain ELAV protein function and effectively
safeguard the identity of the neuronal transcriptome.
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1 | INTRODUCTION
The nervous system is composed of polarized and complex cells, in which it is particularly critical to coordinate gene expression in a robust but dynamic manner. One strategy used by neurons to achieve high functional versatility is the specific
expression of RNAs found in no other cell type, including non-coding RNAs such as microRNAs, long-non-coding RNAs
and circRNAs. In addition, in neurons, the generation of multiple mRNA isoforms through alternative processing of mRNA
precursors greatly increases the regulatory potential of individual genes (Andreassi et al., 2018). Notably, a shift towards the
selection of more distal polyadenylation (poly[A]) sites in hundreds of genes (Hilgers et al., 2011; Miura et al., 2013; Smibert
et al., 2012; Ulitsky et al., 2012) generates exons and 30 untranslated regions (30 UTRs) referred to as “neuronal RNA signatures.” The extraordinary diversity of the neuronal transcriptome has only started to be appreciated in recent years, with the
emergence of new transcriptomics technologies. While not all neuronal RNA signatures are expected to perform a specific
function, many studies point to the fact that they are collectively relevant for the development and maintenance of the nervous system. In this review, we focus on neuronal 30 UTRs and their impact on neuronal identity and function.

2 | T R A N S C R I P T O M E DI V E R S I F I C ATION THROUGH A LTERNATIVE
POLY ADENYLATI ON
Nascent transcripts undergo cleavage and polyadenylation (CPA) to produce mature mRNAs. Upon recognition of a
poly(A) site by the CPA machinery, cleavage of the precursor mRNA (pre-mRNA) is followed by polyadenylation of the
newly created 30 end of the transcript (Shi & Manley, 2015). In many metazoan genes, the presence and use of several
functional poly(A) sites generates mRNA isoforms with different 30 ends, in a process called alternative polyadenylation
(APA; reviewed in Gruber & Zavolan, 2019). While APA isoforms can arise from imprecision in the selection of
processing sites, causing gene expression noise (Raser & O'Shea, 2005; Xu & Zhang, 2020), specific APA patterns are
likely to result from active regulation and to be of biological relevance. For example, coherent shifts towards the use of
more proximal or distal 30 end sites occur in cancer (Mayr & Bartel, 2009), as a response to stimuli (Flavell et al., 2008)
or stress (Hollerer et al., 2016; Zheng et al., 2018), and in a tissue-specific manner (Lianoglou et al., 2013; Sanfilippo
et al., 2017; Zhang et al., 2005). When alternative 30 ends are located upstream of the stop codon, coding sequence APA
(CDS-APA) gives rise to mRNAs that differ in their protein coding potential. More commonly however, transcripts with
longer 30 UTRs are generated, in a process termed UTR-APA.
30 UTRs regulate mRNA fate through multiple mechanisms (Mayr, 2019). They constitute the main binding platform
for microRNAs and RNA-binding proteins, and are enriched in mRNA posttranslational modifications such as
N6-methyladenosine (m6A; Meyer et al., 2012). Through these regulatory factors, 30 UTRs directly influence mRNA stability, translation, localization, and incorporation into RNP granules. 30 UTRs can even mediate the localization and
function of the encoded protein by directing the co-translational recruitment of transport factors (Berkovits &
Mayr, 2015) or complex partners (Lee & Mayr, 2019). UTR-APA can majorly affect transcriptome identity and function,
and its disruption is associated with multiple diseases including cancer, and neurological and immunological pathologies (Gruber & Zavolan, 2019; Mohanan et al., 2021).

3 | T H E EL A V / H U F A M I L Y O F R N A - B I N D I N G P R O T E I N S
ELAV/Hu family proteins are highly conserved RNA-binding proteins (RBPs) named after their first described member,
Drosophila Embryonic Lethal Abnormal Vision (ELAV; Campos et al., 1985; Campos et al., 1987; Homyk Jr.
et al., 1985). Since in metazoans, most elav-related genes encode proteins expressed in all neurons throughout development, ELAV/Hu proteins represent well-established markers for neuronal identity across the animal kingdom (Pascale
et al., 2008; Robinow & White, 1988; Yao et al., 1993).

3.1 | Expression and localization
Vertebrate and arthropod elav/Hu genes derive from one common ancestor and have independently undergone duplication and/or retrotransposition during evolution, leading to functional diversification of the encoded proteins
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(Samson, 2008). Drosophila possesses three ELAV/Hu family proteins: the founding member ELAV, Found in NEurons
(FNE), and RNA-Binding Protein 9 (RBP9). In neurons, ELAV is restricted to the nucleus, whereas FNE localizes to the
cytoplasm (Samson & Chalvet, 2003); RBP9, expressed in later stages of development, has been found in both compartments (Kim & Baker, 1993; Park et al., 1998). In contrast to Drosophila, mammals possess a ubiquitous ELAV/Hu
protein, HuR. The three other paralogues HuB, HuC, and HuD are expressed specifically in neurons. All four
mammalian Hu proteins shuttle between the nucleus and the cytoplasm, and their distribution varies in a cell-type and
context-dependent manner. Although HuR is best known for protecting mRNAs from degradation in the cytoplasm, in
neurons the RBP is predominantly found in the nucleus, consistent with a role for ELAV/Hu proteins in the consecutive regulation of multiple steps of RNA metabolism (Antic & Keene, 1997; Hinman & Lou, 2008; Keene, 1999).
ELAV/Hu proteins have been shown to be components of multiple types of phase-separated ribonucleoprotein
(RNP) granules: in the nucleus, ELAV associates with Cajal bodies (Yannoni & White, 1997). Cytoplasmic ELAV/Hu
proteins were found in neuronal granules (Antic & Keene, 1998; Gao & Keene, 1996) and stress granules (Gallouzi
et al., 2000; Markmiller et al., 2018). Moreover, pathogenic insoluble inclusions often contain ELAV/Hu proteins
(Bowles et al., 2021; de Santis et al., 2019; Lu et al., 2009). Like many RBPS, ELAV/Hu proteins contain disordered
regions and as such, are prone to biomolecular condensation. Whether this propensity to associate with condensates
and aggregates is tied to their molecular function, is currently unclear.

3.2 | Structure and RNA-binding
The members of the ELAV/Hu protein family are structurally similar (Samson, 2008). They contain three characteristic,
highly conserved RNA Recognition Motifs (RRMs). The third RRM is typically separated from the first two by a less
conserved hinge region that in some cases contains signals that regulate protein distribution in the cell (Figure 1). The
hinge region of HuR contains an amino acid segment termed HNS (HuR nucleocytoplasmic shuttling sequence) with
both nuclear export and import elements (Fan & Steitz, 1998a); that of ELAV contains a signal for nuclear localization
(Yannoni & White, 1999). ELAV/Hu proteins display a high degree of amino acid sequence similarity; individual family
members can bind to, and regulate, each other's RNA target sequences in vitro or when ectopically expressed
(Borgeson & Samson, 2005); rather than displaying individual target specificity, the localization and concentration of
individual members of the protein family seem to be determining factors in dictating the selection of RNA targets
(Zaharieva et al., 2015). Binding studies in human, rodent (Nicholson et al., 2017; Scheckel et al., 2016) and Drosophila
(Carrasco et al., 2020) brain have revealed direct gene- and sequence-specific binding to functional RNA targets. Surprisingly, in flies and mammals, sites of ELAV/Hu crosslinking, rather than presenting a precise consensus motif, are
enriched in a uridine-rich 6-mer commonly found in non-coding RNA regions, especially in 30 UTRs and around
poly(A) sites. Thus, the binding specificity, rather than dictated by a consensus sequence, is likely regulated by additional mechanisms. For example, posttranslational modifications, and the modulation of ELAV/Hu multimerization,
may affect target specificity (Brauer et al., 2014; Grammatikakis et al., 2017; Pabis et al., 2019; Soller & White, 2005;
Toba & White, 2008); features such as RNA structure or RNA modifications may also influence binding. Moreover,
ELAV recruitment occurs co-transcriptionally, and depends, at least partially, on promoter sequence and/or chromatin
environment (Oktaba et al., 2015).

3.3 | Physiological functions
Both mammalian and Drosophila ELAV/Hu proteins play important roles in neuronal differentiation and during
branching and establishment of neuronal connections (Akamatsu et al., 1999; Alizzi et al., 2021; Lim & Alkon, 2012;
Tebaldi et al., 2018). In addition, ELAV/Hu proteins regulate synaptogenesis and synaptic plasticity (Dell'Orco
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F I G U R E 1 Structure of ELAV/Hu family proteins. The three RNA recognition motifs (RRMs) are common to all family members;
some, for example ELAV, possess an unstructured N-terminal alanine-glutamine-rich (AQ-rich) region. The hinge region of ELAV also
includes an amino acid sequence that confers nuclear localization (NS)
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et al., 2020; Haussmann et al., 2008; Tiruchinapalli et al., 2008). Accordingly, mutations can severely affect motor functions, memory and behavior. In fly fne mutants, the morphology of the mushroom body, an important memory center,
is disrupted, possibly leading to the observed impairment in courtship behavior (Zanini et al., 2012). rbp9 mutants show
altered numbers of synaptic boutons at neuromuscular junctions and develop age-dependent, progressive motor deficits. Interestingly, FNE and RBP9 play distinct roles during neuronal development and maintenance, but act redundantly in the regulation of synaptic plasticity (Zaharieva et al., 2015). A recent study in honey bees, which possess a
single elav/Hu family gene, directly demonstrated a role for dynamic ELAVL2 expression in learning and memory
(Ustaoglu et al., 2021). In mammals, ELAV/Hu proteins are up-regulated after memory formation; HuC and HuD
knockdown impairs learning performance and causes motor/sensory defects in adult mice in several models
(Akamatsu et al., 2005; Pascale et al., 2004; Quattrone et al., 2001). HuC is required to maintain neurotransmitter levels,
and knockout mice display impaired synaptic signaling and disrupted axonal terminals, resulting in progressive motor
deficits and epileptic seizures (Ince-Dunn et al., 2012; Ogawa et al., 2018). While the crucial role of ELAV/Hu proteins
in neuron differentiation, maintenance, and function, has been extensively demonstrated, and their association with
numerous neurological diseases has been known for a long time (Mirisis & Carew, 2019; Yano et al., 2016), it has been
difficult to determine how their molecular function ties into the neurological phenotypes: rather than targeting specific
pathways, ELAV/Hu proteins seem to act in a rather pleiotropic manner on multiple and diverse molecular targets.

4 | ELAV-M E D I ATED ALT E R NA T I V E P O L Y A DE NY L A T I O N
In the nucleus, ELAV/Hu proteins control neuron-specific alternative splicing and alternative polyadenylation in flies
(Carrasco et al., 2020; Hilgers et al., 2012; Koushika et al., 1996; Lisbin et al., 2001; Soller & White, 2003; Wei
et al., 2020) and mammals (Grassi et al., 2018; Mansfield & Keene, 2012; Zhu et al., 2006). In the cytoplasm, ELAV/Hu
proteins regulate mRNA stability, localization, and/or translation (Ince-Dunn et al., 2012; Mukherjee et al., 2011;
Pascale et al., 2005; Tebaldi et al., 2018; Tiruchinapalli et al., 2008; Yokoi et al., 2017). Recent studies have shown that
Drosophila ELAV, the only predominantly nuclear ELAV/Hu family member, represents the central regulator of the
neuronal RNA landscape in vivo. ELAV regulates every single site of neuron-specific APA by directly binding to
nascent mRNAs during transcription, thereby inhibiting 30 end processing at proximal poly(A) sites (Carrasco
et al., 2020; Figure 2). ELAV also directly mediates hundreds of neuron-specific splicing events (Lee et al., 2021; Box 1).

4.1 | In Drosophila
First accounts of ELAV-mediated APA emerged over two decades ago in the laboratory of Kalpana White. The lack of a
neuron-specific splice isoform of a protein encoded by neuroglian in elav mutant flies, and the ectopic generation of
neuronal Neuroglian upon ectopic expression of ELAV, showed that ELAV is necessary and sufficient for neuronspecific RNA processing (Koushika et al., 1996). Rather than, as initially proposed, acting on splice site usage, ELAV
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F I G U R E 2 ELAV mediates alternative polyadenylation in neurons. The pan-neuronal RNA-binding protein ELAV directly binds in the
vicinity of proximal poly(A) sites (PAS) of hundreds of genes and inhibits cleavage and polyadenylation. Transcription elongation beyond the
proximal poly(A) site causes the synthesis of additional RNA sequences, usually an extended 30 UTR (neuronal 30 UTR). In cells in which
ELAV is not expressed, cleavage and polyadenylation occur at the proximal poly(A) site
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Coordination of ELAV-mediated APA and AS

ELAV regulates alternative splicing (AS) of hundreds of transcripts, thereby generating neuron-specific mRNA
isoforms, often differing in their coding region. Hence, ELAV's influence on neuronal signatures affects not
only mRNA regulation, but also the makeup of the proteome itself. Interestingly, a large fraction of ELAV's
splicing targets also undergo neuronal APA, indicating that ELAV links AS and APA (Carrasco et al., 2020; Lee
et al., 2021; Zhang et al., 2019).

inhibits a proximal poly(A) site, causing the transcription, and use of, a distal 30 splice site (Lisbin et al., 2001). The
neuron-enriched splicing pattern of another gene, erect wing (ewg), was also shown to be the product of ELAV-mediated
CDS-APA: ELAV directly binds a U-rich region downstream of the proximal ewg 30 end processing site, causing transcriptional read-through and splicing of the last intron. Intriguingly, in vitro, ELAV does not compete with the CPA
machinery for poly(A) site recognition, but directly inhibits ewg cleavage (Koushika et al., 2000; Soller &
White, 2003, 2005).
The nervous system specific elongation of 30 UTRs during development was described first in Drosophila (Hilgers
et al., 2011; Smibert et al., 2012), closely followed by vertebrate model systems (Miura et al., 2013; Ulitsky et al., 2012).
In vivo studies identified ELAV as necessary and sufficient to promote this 30 UTR extension, and proposed that ELAV
and its homologues broadly regulate neural APA (Hilgers et al., 2012). Two more recent studies formally demonstrated
such a global role for ELAV/Hu proteins in Drosophila neurons (Carrasco et al., 2020; Wei et al., 2020). Transcriptomics
analyses in sorted populations from Drosophila embryos (McCorkindale et al., 2019) made it possible to unambiguously
identify neuron-specific 30 UTRs, and discriminate them from other tissue- or stage-specific APA events. Strikingly,
ELAV was shown to directly bind transcripts of all genes that undergo neural-specific APA, typically around the proximal poly(A) site. Moreover, virtually all neuron-specific 30 UTRs were downregulated in elav mutant embryos (Carrasco
et al., 2020). ELAV/Hu proteins were also shown to be sufficient to induce a global shift towards more distal 30 end site
selection in non-neural cultured cells (Wei et al., 2020). These studies showed that ELAV represents the central regulator of neuronal APA.

4.2 | In other animals
In mammals, ELAV/Hu proteins are best known for their role in mRNA stabilization (Brennan & Steitz, 2001;
Colombrita et al., 2013; Fan & Steitz, 1998b), and in miRNA-mediated regulation in the cytoplasm (Bhattacharyya
et al., 2006; Lu et al., 2021; Vasudevan & Steitz, 2007). However, ELAV/Hu proteins were also shown to regulate neuronal AS and APA: in human neurons, all four Hu proteins bind to proximal poly(A) sites to promote 30 UTR extension of
the transcript encoding HuR (Mansfield & Keene, 2012). Knock-down of Elavl3 (also known as HuC) causes 30 UTR
shortening in a subset of genes and impairs neuronal differentiation in a neural stem cell model (Grassi et al., 2018).
Since ELAV/Hu proteins in mammals shuffle between the nucleus and the cytoplasm, disentangling their functions in
co-transcriptional processing from posttranscriptional regulation has been challenging (Colombrita et al., 2013). Knockdowns and knockouts of individual Hu proteins have had little effect on the global neuronal transcriptome, indicating
functional redundancy between the members of mammalian members of the ELAV/Hu protein family. It will be interesting to study the molecular effect of a global Hu protein loss in the mammalian brain; it is likely that this will cause
the depletion of neuronal APA, as it does in Drosophila.

4.3 | Physiological consequences of loss of ELAV-mediated APA
In Drosophila, about 15–20% of genes that undergo neuronal APA are affected at the protein-coding level: ELAVmediated CDS-APA is required for the expression of often essential neuron-specific protein isoforms, including those of
Ewg, Neuroglian, Zelda, and giant Ankyrin. One recent study particularly highlighted ELAV's direct and indirect effects
on the neuronal proteome: Disruption of the ELAV-dependent CDS-APA of the gene Srrm234 impaired the expression
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of the neuron-specific enhancer of microexons (eMIC) domain, and caused genome-wide microexon skipping and pervasive neurological defects in flies (Torres-Méndez et al., 2022).
The effects of a loss of neuronal 30 UTRs, on the other hand, are much more difficult to predict. Several studies
have shown that individual neuron-specific 30 UTR isoforms play an important role in neurogenesis or neuronal
function. For example, 3 0 UTR extension drives the upregulation of the conserved transcription factor Prospero in
larval neurons (Samuels et al., 2020); ELAV-mediated AS and APA of the mRNA encoding the transmembrane
receptor Dscam1 are required for axon outgrowth (Zhang et al., 2019). In mice, the specific depletion of
the neuron-enriched, long 3 0 UTR isoform of Calmodulin 1 caused dorsal root ganglion disorganization and
impairment of hippocampal neuron activation (Bae et al., 2020). Notably, ELAV regulates Hox gene function
and embryonic patterning through at least two independent mechanisms. First, ELAV-mediated AS and APA of
Ultrabithorax (Ubx) pre-mRNAs is essential for proper Ubx protein expression, and ELAV removal causes aberrant reprogramming of Ubx-controlled neural differentiation routines (Rogulja-Ortmann et al., 2014). Second,
the ELAV-mediated elongation of the non-coding RNA iab-8 into the abdominal-A (abd-A) locus represses abd-A
transcription, thereby restricting Abd-A protein to parasegments 7 through 12 and preventing aberrant and
deleterious expression in the posterior CNS (Castro Alvarez et al., 2021).

5 | R O B U S T N E S S O F E L A V / H U PR O T E I N F U N C T I O N
In Drosophila, as a consequence of the spatial segregation of ELAV/Hu proteins into the nuclear and cytoplasmic
compartments, ELAV constitutes the central, limiting mediator of neuronal APA and alternative splicing. Loss and
misexpression of ELAV in genetically modified flies cause impaired and premature neural differentiation, respectively (Campos et al., 1985; Lai et al., 2012), suggesting that the proper deployment of the neuronal transcriptome
is vulnerable to fluctuations in ELAV expression. In the endogenous context, several mechanisms act to preserve
neuronal RNAs: ELAV expression is spatially regulated, and maintained to optimal levels, posttranscriptionally.
Moreover, nuclear ELAV function can be rescued by FNE through a cellular strategy termed EXon-Activated
functional Rescue (EXAR).

5.1 | Posttranscriptional repression of ELAV function outside of neurons
The gene elav is transcribed ubiquitously, albeit at low levels; the silencing of elav mRNAs in all cells except neurons is
a strategy to avoid a potentially deleterious ELAV function from this background expression. The microRNAs miR-279
and miR-996, as well as the protein Mei-P26, are expressed in a pattern complementary to ELAV, and their ectopic
expression represses a GFP sensor carrying the elav 30 UTR. Moreover, endogenous ELAV is upregulated in miR279/996
mutant clones. Whether elav transcripts are destabilized, or translationally inhibited, by these factors, remains to be
uncovered. Either way, the appropriate cell-type-specific expression of ELAV in neurons is facilitated by the repression
of mature elav transcripts in non-neuronal cells (Sanfilippo et al., 2016).

5.2 | ELAV autoregulation
Interestingly, the gene elav itself is subjected to 30 UTR extension. It was proposed over two decades ago that ELAV
binds to its own mRNA to promote 30 UTR extension (Samson, 1998). Direct binding of ELAV to the proximal poly(A)
site of the elav 30 UTR was later formally demonstrated in vitro (Borgeson & Samson, 2005) and in vivo (Carrasco
et al., 2020; Hilgers et al., 2012); the functional dependence of elav 30 UTR extension on ELAV protein was shown in
embryos specifically lacking the elav coding sequence (Figure 3).
In the endogenous, wild-type context, ELAV expression in neurons is subjected to tight control and remains at
a defined level independently of elav gene dosage. In transgenes that lack the long 30 UTR, this regulation is lost,
and ELAV expression becomes directly proportional to copy number; further, overexpression of short, but not long,
elav transgenes caused lethality. These experiments showed that the long 30 UTR functions to avoid toxic ELAV
overexpression in neurons (Samson, 1998). ELAV clearly mediates the differential expression of one APA isoform
over the other; whether it also acts on elav mRNA remains to be seen. Since posttranscriptional regulation occurs

HILGERS

7 of 13

PA
S

PA
S

PA
S

elav pre-mRNA

PA
S

Δelav mutant

Wild type

elav mRNA

used polyadenylation site

PA
S

ELAV protein

PA
S

mRNA-seq tracks

alternative polyadenylation site (not used)
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acids required for nuclear localization, is derepressed and spliced in (red box). nFNE localizes to the nucleus and assumes nuclear
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(Carrasco et al., 2020); the gene model excludes upstream 50 UTR exons for simplicity

in the cytoplasm, it is likely that other, yet to be discovered factors are involved in the modulation of the stability
or translation of elav transcripts.

5.3 | EXon-activated functional rescue (EXAR) through FNE
The observation that virtually every neuron-specific 30 UTR was downregulated in elav mutant embryos prompted the
conclusion that ELAV acts as the central, essential effector of neuronal APA (Carrasco et al., 2020). Surprisingly, a concomitant loss of ELAV and FNE—a cytoplasmic ELAV paralogue—caused complete eradication of all neuronal
30 UTRs, while deleting FNE alone did not affect APA at all. Therefore, the cooperative effect between ELAV and FNE
could not be attributed to functional redundancy between the two proteins. Instead, Carrasco et al. demonstrated that
FNE regulates neuronal APA only in the absence of ELAV, through a cellular strategy they termed EXon-Activated
functional Rescue (EXAR). In elav null mutants, the fne RNA acquires a previously unannotated mini-exon that
encodes, in the hinge region, a stretch of 15 amino acids homologous to the ELAV nuclear localization sequence (NS).
As a result, the NS-containing FNE protein, nFNE, localizes to the nucleus, where it takes over ELAV functions such as
AS and APA. Under wild-type conditions, ELAV directly binds to the mini-exon 50 splice site, inhibits mini-exon inclusion and nFNE expression, thereby restricting FNE to the cytoplasm (Carrasco et al., 2020; Figure 4).
nFNE activation through EXAR ensures that the molecular functions of ELAV can still be performed when ELAV
is impaired. As opposed to functional redundancy, a clear hierarchy is at play in EXAR: FNE acts as a “second-in-command” when, and only when, the central effector ELAV is not functional. Notably, EXAR does not rescue the lethality
of elav null mutants, raising questions about the physiological relevance of this mechanism. It is likely that
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endogenously, EXAR works as a fail-safe strategy for situations of ELAV fluctuation and partial loss-of-function, but is
not efficient enough to compensate for a complete loss of ELAV.

5.4 | Protein redundancy
Even though the elav gene structure, including the fne mini-exon, is conserved (Samson, 2008), functional rescue
between ELAV/Hu family members is quite specific to Drosophila. Unlike D. melanogaster, in which mini-exon inclusion is undetectable in wild-type conditions, homologous hinge region sequences are expressed endogenously in
more distantly related insects and in mammals (Wang et al., 2010). As a result, ELAV/Hu proteins are both nuclear and
cytoplasmic and likely act on a largely common set of target transcripts, which can buffer the loss of individual
paralogues. However, functional redundancy is not complete, since mutation of individual ELAV/Hu family members
causes neurological phenotypes (see Section 3.3).

6 | C ON C L U S I ON
The crucial importance of the ELAV/Hu family of proteins is highlighted by the profoundly deleterious effects
caused by mutating one of its members, on neuronal differentiation and function. Elucidating the physiological
and molecular function of ELAV/Hu proteins remains a challenge, since they act through multiple pathways,
regulating RNA metabolism both co-transcriptionally and posttranscriptionally, through thousands of targets.
Moreover, several cellular strategies that ensure robustness of ELAV/Hu protein function further complicate
genetic and molecular studies. Much remains to be discovered; for example, thousands of direct RNA targets
have been reported in flies and mammals, including noncoding RNAs, but a clear physiological function has
been demonstrated for only a fraction of them. Members of the ELAV/Hu protein family display partially overlapping expression patterns, and can interchangeably bind to the same targets; their respective function mainly,
but not exclusively, depends on cellular localization and concentration. It is therefore likely that ELAV/Hu proteins not only complement each other, but also perform distinct functions on the same targets. For example, I
propose that in Drosophila brains, FNE and RBP9 posttranscriptionally regulate the neuronal signatures whose
synthesis depends on ELAV co-transcriptional function.
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