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Abstract

Over the last few years, several laboratories have focused their attention on elucidating the molecular events that control the
expression and localization of acetylcholinesterase (AChE) in neurons and skeletal muscle cells. In this context, results from a number
of studies have clearly shown the important contribution of transcriptional events in regulating AChE expression. Specifically, these
studies have highlighted the roles of several cis- and trans-acting factors that control transcription of the AChE gene in these excitable
cells. However, it has also become apparent that changes in the transcriptional activity of the AChE gene cannot fully account for
the alterations seen in the overall abundance of AChE transcripts in neurons and muscle cells placed under a variety of experimental
conditions. This indicates, therefore, that post-transcriptional mechanisms also play a significant role in controlling AChE mRNA
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xpression. With this in mind, we have recently begun to address this issue in greater detail. Here, we provide a summ
ost recent findings dealing with the post-transcriptional regulation of AChE. Together, our studies have shown so far the

ontribution of an AU-rich element located in the 3′UTR of AChE transcripts and of the stabilizing RNA-binding proteins of
LAV-like family in regulating AChE expression in differentiating neuronal and muscle cells.
2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Cholinergic neurotransmission at synapses of the cen-
ral and peripheral nervous systems (CNS and PNS) is
apidly terminated by the enzymatic activity of acetyl-
holinesterase (AChE) (see for review[1–4]). Although
n the brain, AChE is predominantly expressed in regions
eceiving cholinergic input, it can also be found in
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regions that do not typically involve cholinergic ne
rotransmission[5–8]. Several lines of evidence indica
that AChE is expressed during neuronal developm
prior to the establishment of cholinergic synapses,
that it assumes additional functional roles such as in
adhesion, promotion of neurite outgrowth and syna
genesis (see for review[3,9]). Appropriate expression
AChE is not only important in the brain but it is a
critical for normal skeletal muscle activity as exem
fied by the phenotype seen in patients suffering fro
myasthenic syndrome linked to a reduction of ACh
the neuromuscular junction[10,11].
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Expression of AChE is known to increase markedly
during differentiation of neurons and skeletal muscle
cells. Additionally, the levels and localization of AChE
in excitable cells is exquisitely sensitive to alterations
in the amount and pattern of synaptic activity and to
the presence of specific nerve-derived trophic factors.
In recent years, several studies have begun to exam-
ine the molecular mechanisms regulating expression
of AChE during neuronal and myogenic differentia-
tion as well as in mature cells subjected to changes
in activity or modifications in the supply of trophic
factors. For example, we have recently shown that an
increase in the transcriptional activity of the AChE
gene could partially account for the initial increase
in AChE mRNA levels observed in differentiating
muscle cells grown in culture[12]. In this study,
however, we also noted a clear discrepancy between
the observed increase in transcription and the over-
all induction in AChE transcripts, thereby suggest-
ing that transcription alone could not fully account
for the increase in AChE expression seen at later
stages of differentiation[12]. In agreement with a
previous report[13], our results indicated that post-
transcriptional events also participate in regulating the
abundance of AChE mRNAs in differentiating mus-
cle cells (see also[14]). Similarly, based on the few
available reports, it appears that both transcriptional
and post-transcriptional mechanisms also contribute to
the regulation of AChE during neuronal development
[15,16].
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2. Post-transcriptional regulation of AChE in
differentiating neurons

Several years ago, Coleman and Taylor (15) first sug-
gested, using several complementary approaches, that
the large increase in the overall abundance of AChE
transcripts observed during retinoic acid-induced dif-
ferentiation of P19 embryonic carcinoma cells involved
changes in the stability of pre-synthesized transcripts as
opposed to an induction in the transcriptional activity of
the AChE gene. In agreement with these initial findings,
others have also implicated the contribution of greater
mRNA stability to the increase in AChE mRNA levels
seen during thyroid hormone-induced neuronal differ-
entiation of Neuro-2a neuroblastoma cells expressing
the β1 thyroid receptor[22,23]. In a recent study, we
examined the molecular mechanisms regulating AChE
expression during neuronal differentiation with a clear
focus on post-transcriptional mechanisms[24]. To this
end, we made use of PC12 cells induced to differen-
tiate via NGF treatment. As expected, we observed a
pronounced increase in AChE transcripts in differenti-
ating PC12 cells. Using several approaches, we deter-
mined that during the initial stages of differentiation, the
increase in AChE transcripts appeared to involve a mod-
erate increase in the transcriptional activity of the AChE
gene (see also[16]).

The modest increase in transcription observed in dif-
ferentiating PC12 cells was transient, however, and could
not therefore account for the much larger rise in AChE
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Several cis- and trans-acting factors involved in
transcriptional regulation of the AChE gene during n
ronal and myogenic differentiation have been ide
fied in recent years. In particular, we have shown
E- and N-box motifs located within the first intron
region, along with their respective transcription fact
myogenin and GABPα and β, participate in contro
ling transcription of the AChE gene during myoge
sis [12]. More recent studies performed by others h
also highlighted the contribution of specific 5′-regulatory
regions in the AChE gene in muscle cells, includ
Sp1, Egr-1, CRE and NFAT elements[17–19]. During
neurogenesis, CRE elements and CREB as well as
eral other transcription factors including for exam
Runx1/Aml1, AP-2, NF-�B and SP1, have been imp
cated in the transcriptional regulation of AChE[20,21].
By comparison, relatively little is known about the c
and trans-acting factors that are involved in the p
transcriptional regulation of AChE during differentiat
of neurons and skeletal muscle cells. Here, we h
light our recent findings that specifically address
issue.
mRNA levels thereby indicating that post-transcriptio
events are also involved and likely to predominate. C
examination of the AChE 3′UTR revealed the pre
ence of an AU-rich element (ARE). AREs consist
the AUUUA general sequence expressed as overlap
nonamers or dispersed throughout the 3′UTR, U-rich
sequences and CU-rich motifs[25,26]. Several studie
have shown that this element can either stabilize or d
bilize transcripts depending on the number of seque
repeats, variations of the basic sequence and ident
the trans-acting factor that binds (see for review[27,28]).
Amongst the increasing number of RNA-binding p
teins known to bind AREs is the AUF1 family of des
bilizing proteins as well as ELAV (embryonic lethal
abnormal vision)-like family of RNA-binding protein
that includes the neuron-specific HuB (HelN1), H
HuD proteins as well as the ubiquitously expressed
[27–29]. A major function of this later family of RNA
binding proteins is in stabilizing transcripts by inhibiti
the de-adenylation and targeting of the transcripts to
exosome, or by blocking the activity of specific endo
cleases that recognize the ARE[30–32].
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Fig. 1. Schematic representation of domains in HuD and HuR. (A)
Shows the various forms of HuD that arise from alternative splicing in
the hinge domain (RRM; RNA-recognition motif). (B) Depicts HuR,
which shares a high degree of similarity with HuD except in the hinge
domain and N- and C-termini. The sequence of the hinge domain and
the methylated arginines are indicated (underlined).

The presence of an ARE in the AChE 3′UTR and
the known role of ELAV-like proteins led us to hypoth-
esize that HuD is involved in regulating the stability of
AChE transcripts in differentiating neurons. HuD was
the first of the Hu-proteins identified as the cause of
paraneoplastic syndromes in small cell lung carcinoma
patients[33]. The ELAV-like proteins consist of three
RNA-recognition motifs (RRM), two located at the N-
terminal and the third in the C-terminal separated from
the second RRM by the hinge region (seeFig. 1A). The
mammalian HuD gene is alternatively spliced within the
hinge region linking the second and third RRM result-
ing in three different transcripts and molecular isoforms,
termed HuDpro, HuD and HuDmex [34–37] (Fig. 1A).
With the exception of the N-terminal domain and the
hinge region, the protein sequences between the different
ELAV-like proteins are very similar (70–85% similarity,
see[35]). In vitro binding studies performed with HuD
demonstrated that the RNA is bound primarily by the
first RRM while the second RRM, which also binds the
RNA, functions mostly to stabilize the complex[38,39].
The third RRM, in addition to participating in maintain-
ing complex stability, binds to poly(A) tails[40,41]. The
length of the poly(A) tail correlates with the overall bind-
ing activity of ELAV-like proteins. Thus, the longer the
chain of adenines the more efficiently Hu proteins can
bind their targets.

To examine the possibility of HuD being involved
in AChE mRNA expression, we capitalized on the use
of PC12 cells engineered to over-express HuD or an
a our
w ripts
i

thermore, transfection of a reporter construct containing
the AChE 3′UTR showed that this 3′UTR can increase
expression of the luciferase reporter in cells expressing
HuD but not in cells expressing the antisense. Although
RNA gel-shift assays and Northwestern blots revealed an
increase in the binding activity of several protein com-
plexes in differentiated neurons, immunoprecipitation
experiments using differentiated cells demonstrated that
HuD can indeed bind directly to AChE transcripts. Taken
together, these results show the importance of post-
transcriptional mechanisms in regulating AChE mRNA
expression in differentiating neurons and implicate the
ARE and HuD as key factors in these events. The fact that
we observed the presence of multiple protein complexes
that interact with the AChE 3′UTR further suggests that
additional cis- and trans-acting factors are also likely
involved in controlling post-transcriptionally the over-
all levels of AChE mRNA in differentiating neurons.
Finally, it is important to note that our results are in excel-
lent agreement with those of another study that recently
also showed the role of HuD in regulating AChE mRNA
expression[42].

3. Post-transcriptional regulation of AChE in
differentiating skeletal muscle cells

Prior to differentiation, C2C12 myoblasts express
very little AChE transcript and protein[12,13,43,44].
As differentiation proceeds and myoblasts fuse to form
multinucleated myotubes, expression of AChE sharply
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orking hypothesis, the abundance of AChE transc

n these cells correlates with the levels of HuD[24]. Fur-
increases[12,13,43]. As mentioned above, increas
in AChE transcript levels during myogenic differen
ation appear to involve transcriptional regulatory eve
with some having been described in detail, as we
post-transcriptional mechanisms whose specific n
remains elusive. Given our recent data showing
HuD and the ARE regulate post-transcriptionally AC
expression during neuronal differentiation, we rece
investigated whether similar mechanisms operat
muscle cells to control the levels of AChE mRNA dur
their differentiation.

To this end, we specifically examined the role of
short 3′UTR since we already established that it cont
elements important for its regulation[24,42] and since
previous studies have demonstrated that the first
adenylation signal is used preferentially over the se
signal [13,45]. Using an engineered reporter const
containing the short AChE 3′UTR, we observed a si
nificant increase in reporter expression in differentia
myotubes thereby indicating that the 3′UTR is involved
in regulating AChE transcript levels during myoge
differentiation[46]. In addition, RNA gel-shift assa
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showed that the binding intensity of protein complexes
interacting with the ARE increased as a result of myo-
genic differentiation.

Since in our earlier work dealing with PC12 cells
[24], we identified HuD as one of the RNA-binding
proteins interacting with the ARE located in the AChE
3′UTR, we chose to examine whether the more ubiqui-
tously expressed member of the Hu-family of proteins,
namely HuR, could bind to AChE transcripts in muscle
cells. HuR shares a high degree of similarity with HuD
but differs in the C-terminal domain and hinge region
that separates the second and third RRM ([35,47]; see
Fig. 1B). Because of its ubiquitous pattern of expression,
HuR has been studied more extensively than its neuronal
counterparts. Similar to HuD, HuR is characterized as an
mRNA stabilizing protein. However, HuR differs signifi-
cantly from HuD with regards to its sub-cellular location,
which is predominantly nuclear in non-stimulated or
non-stressed cells[47]. Recent studies found that HuR
can interact with several transcripts in skeletal muscle
including VEGF[48]. Notably, HuR has been identified
as one of the principal regulators of myogenic differenti-
ation through its specific binding to transcripts encoding
the myogenic factors MyoD, myogenin and p21[49,50].

Using several complementary approaches, includ-
ing supershift assays, mRNA-binding protein pull-down
assays and immunoprecipitation followed by RT-PCR,
we recently showed that HuR from differentiated mus-
cle cells specifically binds to AChE transcripts via
direct interaction with the ARE[46]. Functionally, over-
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interacts with members of the ELAV-like RNA-binding
protein family leading to an increase in the stability of
AChE transcripts. Taken together, results from our stud-
ies emphasize the role of Hu proteins in regulating AChE
expression during differentiation of excitable cells.

The ELAV-like RNA-binding proteins are also well
known for stabilizing a number of additional transcripts
encoding proteins with distinct and essential functions in
differentiating cells (see for review[29,47,51]). Notably,
HuD is recognized as an essential regulator of mor-
phological differentiation in neurons[29,52–55]. In this
case, there is now compelling evidence indicating that
HuD binds and stabilizes a number of transcripts known
to encode proteins implicated in neurite elongation, such
as tau, GAP-43 and AChE[24,52,53,56]. In addition, an
increased level of HuD in neural crest cells precipitates
neurotrophin dependence thereby implicating HuD in
cell survival as evidenced by the development of para-
neoplastic encephalomyelitis and sensory neuropathy
in patients harboring anti-Hu antibodies in their serum
[55,57]. These results taken into consideration with the
preferential expression of HuD in projection neurons,
strongly suggests that HuD, through its stabilizing effect
on transcripts, is an essential regulator of the develop-
ment and maintenance of neuronal processes.

HuR has also been implicated in the process of cel-
lular differentiation. During myogenic differentiation
for example, expression of several muscle-specific and
synaptic genes is often induced transcriptionally by myo-
genic regulatory factors such as MyoD and myogenin
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expression of HuR in C2C12 cells induced an increa
the endogenous levels of AChE transcripts as well a
increase in the expression of the reporter construct
taining the AChE 3′UTR. Similarly, siRNA experimen
aimed at decreasing the levels of HuR in differentia
muscle cells, led to a reduction in AChE mRNA l
els. In vitro stability assays showed indeed, that H
mediates these effects by decreasing the rate of d
of AChE transcripts. Together, these results show
during myogenic differentiation HuR interacts direc
with the 3′UTR of AChE transcripts and regulates th
stability. Accordingly, these findings show that HuR
an important regulator of AChE expression in differ
tiating muscle cells.

4. Discussion

Our recent efforts have focused on trying to el
date some of the post-transcriptional mechanisms
appear so critical in regulating expression of AChE
both neuronal and muscle cells. Our findings to date
shown that the ARE located within the AChE 3′UTR,
[58]. Recently, two related studies demonstrated tha
3′UTR of these myogenic factors interact with HuR a
regulate the stability of these transcripts[49,50]. The
increase in the stability of these transcripts is imp
tant in dictating the overall levels of proteins enco
by these mRNAs during myogenic differentiation. Th
transcription factors that are key to the process of m
genic differentiation, and to the initial increase in AC
gene transcription[12], are themselves regulated po
transcriptionally by HuR.

Given the significant roles of these two RNA-bind
proteins in developing neurons and muscle cell
becomes important to understand how expression
binding activity of these proteins are regulated. Du
its ubiquitous nature, a number of studies have attem
to decipher the molecular and cellular mechanisms
regulate the binding activity of HuR. One possible me
anism that could regulate HuR involves its sub-cell
localization. For example, previous studies have dem
strated that HuR is predominantly located in the nuc
of myoblasts and that during the initial phases of dif
entiation, it either shuttles out to the cytoplasm boun
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target transcripts, or interacts with and stabilizes specific
transcripts once it appears in the cytoplasm[49,50].

The regulation of HuR and HuD binding could
also be mediated by post-translational modifications,
such as phosphorylation or methylation. In this con-
text, metabolic stress was recently shown to regulate
the cytoplasmic localization of HuR and its binding
through activation of the AMP-activated kinase[59].
Binding activity of HuD could also be the downstream
target of phosphorylation, since protein kinase C has
been implicated in regulating the actions of HuD dur-
ing neuronal differentiation[56]. In addition, HuR has
been shown recently to be methylated by the argi-
nine methyltransferase CARM1 (co-activator associated
arginine methyltransferase) in the hinge region adjacent
to the novel nuclear localization signal, resulting in a
nuclear-cytoplasmic shuttling ability and/or enhanced
interactions with other proteins or transcripts[60,61].
Consequently, several putative mechanisms may be reg-
ulating the ability of these proteins to bind their mRNA
targets.

Among additional mechanisms that could regulate
the ability of HuR and HuD to mediate their effects,
it appears highly plausible that these ELAV-like proteins
do not function alone as single entities. In this con-
text, we observed in our recent studies the presence of
several binding complexes and individual proteins that
could interact with the AChE 3′UTR. HuD and HuR have
both been found in ribonucleoprotein complexes inter-
acting with other RNA-binding proteins, scaffolding
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cles[70]. In this study, we observed that AChE mRNA
levels were significantly greater in EDL muscles as com-
pared to the soleus. Importantly, this difference could
not be attributed to enhanced AChE gene transcription
in fast muscle as determined by nuclear run-on assays,
thereby indicating that mRNA stability is important in
regulating the overall content of AChE transcripts in
fast versus slow muscles. Similarly, post-transcriptional
regulatory mechanisms were also implicated in the pro-
nounced decrease in AChE transcript levels seen fol-
lowing denervation of adult skeletal muscle[14]. Based
on our recent findings obtained with cultured muscle
cells, it thus becomes important to determine whether
these changes in AChE mRNA expression in vivo are
caused by the ability of HuR to bind to the AChE
3′UTR and hence, modulate the stability of these tran-
scripts in skeletal muscle fibers placed under variety of
experimental conditions. Similarly, it appears timely to
also investigate whether HuD modulates AChE mRNA
expression in neurons in vivo, following for example,
axotomy and treatment with neurotrophic factors (see
[71]).
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J. Deschênes-Furry et al. / Chemico-Biological Interactions 157–158 (2005) 43–49 49

[43] C. Legay, M. Huchet, J. Massoulie, J.P. Changeux, Developmen-
tal regulation of acetylcholinesterase transcripts in the mouse
diaphragm: alternative splicing and focalization, Eur. J. Neurosci.
7 (1995) 1803–1809.

[44] C. Legay, F.A. Mankal, J. Massoulie, B.J. Jasmin, Stability and
secretion of acetylcholinesterase forms in skeletal muscle cells,
J. Neurosci. 19 (1999) 8252–8259.

[45] T.L. Rachinsky, S. Camp, Y. Li, T.J. Ekstrom, M. Newton, P.
Taylor, Molecular cloning of mouse acetylcholinesterase: tissue
distribution of alternatively spliced mRNA species, Neuron 5
(1990) 317–327.

[46] J. Deschenes-Furry, G. Belanger, J. Mwanjewe, J.A. Lunde, R.J.
Parks, N. Perrone-Bizzozero, B.J. Jasmin, The RNA-binding pro-
tein HuR binds to acetylcholinesterase transcripts and regulates
their expression in differentiating skeletal muscle cells, J. Biol.
Chem. 280 (2005) 25361–25368.

[47] J.D. Keene, Why is Hu where? shuttling of early-response-gene
messenger RNA subsets, Proc. Natl. Acad. Sci. U.S.A. 96 (1999)
5–7.

[48] K. Tang, E.C. Breen, P.D. Wagner, Hu protein R-mediated post-
transcriptional regulation of VEGF expression in rat gastrocne-
mius muscle, Am. J. Physiol Heart Circ. Physiol. 283 (2002)
H1497–H1504.

[49] A. Figueroa, A. Cuadrado, J. Fan, U. Atasoy, G.E. Muscat, P.
Munoz-Canoves, M. Gorospe, A. Munoz, Role of HuR in skeletal
myogenesis through coordinate regulation of muscle differentia-
tion genes, Mol. Cell Biol. 23 (2003) 4991–5004.

[50] K. Van Der Giessen, S. Di Marco, E. Clair, I.E. Gallouzi, RNAi-
mediated HuR depletion leads to the inhibition of muscle cell
differentiation, J. Biol. Chem. 278 (2003) 47119–47128.

[51] C.M. Brennan, J.A. Steitz, HuR and mRNA stabiity, Cell. Mol.
Life Sci. 58 (2001) 266–277.

[52] K.D. Anderson, J. Sengupta, M. Morin, R.L. Neve, C.F. Valen-
zuela, N.I. Perrone-Bizzozero, Overexpression of HuD acceler-
ates neurite outgrowth and increases GAP-43 mRNA expression

cells

[ , I.
ing
PC12

[ , H.
am-
on,

[ le of
t 124

[ er,
ero,
A
neu-
1–

[ J.B.
s of
lastic

encephalomyelitis/sensory neuronopathy, Neurology 41 (1991)
1757–1764.

[58] M.H. Parker, P. Seale, M.A. Rudnicki, Looking back to the
embryo: defining transcriptional networks in adult myogenesis,
Nat. Rev. Genet. 4 (2003) 497–507.

[59] W. Wang, J. Fan, X. Yang, S. Furer-Galban, d.S. Lopez, I.C. von
Kobbe, J. Guo, S.N. Georas, F. Foufelle, D.G. Hardie, D. Carling,
M. Gorospe, AMP-activated kinase regulates cytoplasmic HuR,
Mol. Cell Biol. 22 (2002) 3425–3436.

[60] X.C. Fan, J.A. Steitz, HNS, a nuclear-cytoplasmic shuttling
sequence in HuR, Proc. Natl. Acad. Sci. U.S.A. 95 (1998)
15293–15298.

[61] H. Li, S. Park, B. Kilburn, M.A. Jelinek, A. Henschen-
Edman, D.W. Aswad, M.R. Stallcup, I.A. Laird-Offringa,
Lipopolysaccharide-induced methylation of HuR, an mRNA-
stabilizing protein, by CARM1. Coactivator-associated arginine
methyltransferase, J. Biol. Chem. 277 (2002) 44623–44630.

[62] S. Aronov, G. Aranda, L. Behar, I. Ginzburg, Visualization of
translated tau protein in the axons of neuronal P19 cells and
characterization of tau RNP granules, J. Cell Sci. 115 (2002)
3817–3827.

[63] R. Atlas, L. Behar, E. Elliott, I. Ginzburg, The insulin-like growth
factor mRNA binding-protein IMP-1 and the Ras-regulatory pro-
tein G3BP associate with tau mRNA and HuD protein in differ-
entiated P19 neuronal cells, J. Neurochem. 89 (2004) 613–626.

[64] C.M. Brennan, I.E. Gallouzi, J.A. Steitz, Protein ligands to HuR
modulate its interaction with target mRNAs in vivo, J. Cell Biol.
151 (2000) 1–14.

[65] S.J. Cok, S.J. Acton, A.R. Morrison, The proximal region of the
3′-untranslated region of cyclooxygenase-2 is recognized by a
multimeric protein complex containing HuR, TIA-1, TIAR, and
the heterogeneous nuclear ribonucleoprotein U, J. Biol. Chem.
278 (2003) 36157–36162.

[66] G.M. Wilson, G. Brewer, The search for trans-acting factors con-
trolling messenger RNA decay, Prog. Nucleic Acid Res. Mol.

[ ate,
AU-
rolin

[ in-
uR

04)

[ oles
NA
. 32

[ rigi-
pat-
mp.

[ etyl-
oneu-
with
98)
in cortical neurons and retinoic acid-induced embryonic stem
in vitro, Exp. Neurol. 168 (2001) 250–258.

53] G.E. Aranda-Abreu, L. Behar, S. Chung, H. Furneaux
Ginzburg, Embryonic lethal abnormal vision-like RNA-bind
proteins regulate neurite outgrowth and tau expression in
cells, J. Neurosci. 19 (1999) 6907–6917.

54] K. Kasashima, K. Terashima, K. Yamamoto, E. Sakashita
Sakamoto, Cytoplasmic localization is required for the m
malian ELAV-like protein HuD to induce neuronal differentiati
Genes Cells 4 (1999) 667–683.

55] Y. Wakamatsu, J.A. Weston, Sequential expression and ro
Hu RNA-binding proteins during neurogenesis, Developmen
(1997) 3449–3460.

56] C.D. Mobarak, K.D. Anderson, M. Morin, A. Beckel-Mitchen
S.L. Rogers, H. Furneaux, P. King, N.I. Perrone-Bizzoz
The RNA-binding protein HuD is required for GAP-43 mRN
stability, GAP-43 gene expression, and PKC-dependent
rite outgrowth in PC12 cells, Mol. Biol. Cell 11 (2000) 319
3203.

57] J. Dalmau, H.M. Furneaux, M.K. Rosenblum, F. Graus,
Posner, Detection of the anti-Hu antibody in specific region
the nervous system and tumor from patients with paraneop
Biol. 62 (1999) 257–291.
67] M.T. Worthington, J.W. Pelo, M.A. Sachedina, J.L. Appleg

K.O. Arseneau, T.T. Pizarro, RNA binding properties of the
rich element-binding recombinant Nup475/TIS11/tristetrap
protein, J. Biol. Chem. 277 (2002) 48558–48564.

68] A. Lal, K. Mazan-Mamczarz, T. Kawai, X. Yang, J.L. Mart
dale, M. Gorospe, Concurrent versus individual binding of H
and AUF1 to common labile target mRNAs, EMBO J. 23 (20
3092–3102.

69] I. Raineri, D. Wegmueller, B. Gross, U. Certa, C. Moroni, R
of AUF1 isoforms, HuR and BRF1 in ARE-dependent mR
turnover studied by RNA interference, Nucleic Acids Res
(2004) 1279–1288.

70] C. Boudreau-Lariviere, D.J. Parry, B.J. Jasmin, Myotubes o
nating from single fast and slow satellite cells display similar
terns of AChE expression, Am. J. Physiol. Regul. Integr. Co
Physiol. 278 (2000) R140–R148.

71] K.J. Fernandes, N.R. Kobayashi, B.J. Jasmin, W. Tetzlaff, Ac
cholinesterase gene expression in axotomized rat facial mot
rons is differentially regulated by neurotrophins: correlation
trkB and trkC mRNA levels and isoforms, J. Neurosci. 18 (19
9936–9947.


	Role of ELAV-like RNA-binding proteins HuD and HuR in the post-transcriptional regulation of acetylcholinesterase in neurons and skeletal muscle cells
	Introduction
	Post-transcriptional regulation of AChE in differentiating neurons
	Post-transcriptional regulation of AChE in differentiating skeletal muscle cells
	Discussion
	Acknowledgments
	References


