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A B S T R A C T

Onecut transcription factors are required to maintain Islet1 (Isl1) expression in developing spinal motor neurons
(MNs), and this process is critical for proper MN differentiation. However, the mechanisms whereby OC sti-
mulate Isl1 expression remain unknown. CREB-binding protein (CBP) and p300 paralogs are transcriptional
coactivators that interact with OC proteins in hepatic cells. In the embryonic spinal cord, CBP and p300 play key
roles in neurogenesis and MN differentiation. Here, using chromatin immunoprecipitation and in ovo electro-
poration in chicken spinal cord, we provide evidence that CBP and p300 contribute to the regulation of Isl1
expression by the OC factors in embryonic spinal MNs. CBP and p300 are detected on the CREST2 enhancer of
Isl1 where OC factors are also bound. Inhibition of CBP and p300 activity inhibits activation of the CREST2
enhancer and prevents the stimulation of Isl1 expression by the OC factors. These observations suggest that CBP
and p300 coactivators cooperate with OC factors to maintain Isl1 expression in postmitotic MNs.

1. Introduction

In the developing nervous system, genetic programs controlled by
transcription factors regulate the acquisition of specific neuronal
identities (Dasen, 2017; Francius and Clotman, 2014; Lai et al., 2016;
Lu et al., 2015). Transcription factors recruit cofactors that provide
intrinsic histone acetyltransferase (HAT) or histone deacetylase activity
to remodel chromatin towards the appropriate activation state and
thereby enable proper regulation of gene expression. In the spinal
motor neurons (MNs), the CREB-binding protein (CBP) and p300
paralog coactivators have been shown to regulate neurogenesis and
subsequent steps of neuronal differentiation (Lee et al., 2009; Partanen
et al., 1999). However, CBP and p300 lack DNA-binding activity, and
the proteins that recruit these coactivators to regulate MN differentia-
tion remain unknown.

The LIM-homeodomain transcriptional repressor Islet1 (Isl1) is
present in spinal MNs and dI3 dorsal interneurons and is required for
proper MN development (Francius and Clotman, 2014; Lu et al., 2015).
Constitutive or conditional inactivation of Isl1 results in loss of MNs
early during development (Pfaff et al., 1996; Song et al., 2009). Initial
activation of Isl1 expression depends on the early MN determinant Hb9
(Arber et al., 1999; Tanabe et al., 1998; Thaler et al., 1999; William
et al., 2003). However, maintenance of Isl1 expression at later stages of
differentiation relies on direct stimulation by transcription factors of

the Onecut (OC) family (Rhee et al., 2016; Roy et al., 2012). OC factors
comprise three members in mammals, namely OC-1 (also called HNF-6
for Hepatocyte Nuclear Factor-6), OC-2 and OC-3. They are described as
transcriptional activators characterized by two DNA binding domains: a
cut domain and a divergent homeodomain (Lemaigre et al., 1996). In
the CNS, they are detected early during neuronal differentiation in
multiple cell populations including spinal MNs (Audouard et al., 2013;
Chakrabarty et al., 2012; Espana and Clotman, 2012a, 2012b; Francius
and Clotman, 2010; Francius et al., 2013; Hodge et al., 2007; Kabayiza
et al., 2017; Stam et al., 2012; Wu et al., 2012). In the absence of OC
proteins, Isl1 expression is initiated properly but is not maintained in
maturing MNs, resulting in the partial conversion of somatic into
visceral MNs and in the complete conversion of medial MNs of the
lateral motor column (LMCm), which innervate the ventral muscles of
the limbs, into the identity of their lateral counterparts (LMCl), which
innervate the dorsal limb muscles (Francius and Clotman, 2014; Roy
et al., 2012). OC factors maintain MN Isl1 expression through direct
binding to the CREST2 enhancer and by stimulating CREST2 activity
(Kim et al., 2015; Rhee et al., 2016; Roy et al., 2012). However, the
molecular partners that OC proteins interact with to stimulate Isl1 ex-
pression remain unknown.

In hepatic cells, OC-1 has been shown to recruit cofactors carrying
HAT activity to stimulate expression of target genes including FoxA2
and ttr. On FoxA2 regulating sequences, OC-1 binds to DNA using the
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cut domain, and the cut and the homeodomain contribute to recruit the
coactivator CBP. In contrast, on target sequences of ttr types, OC-1
binds using the cut and the homeodomain and instead recruits the
coactivator p300 (Iyaguchi et al., 2007; Lannoy et al., 2000; Rausa
et al., 2003). Interestingly, conditional inactivation of CBP and p300 in
the CNS results in alterations of MN differentiation (Lee et al., 2009).
The number of MN was reduced in CBP/p300 compound mutant em-
bryos, suggesting that these coactivators act redundantly in neural
progenitors to promote MN specification. In addition, MN cell body
position was aberrant, with a significant proportion of cells emigrating
outside of the spinal cord along the ventral root, indicating that CBP
and p300 act also in postmitotic MNs to regulate later aspects of de-
velopment (Lee et al., 2009). This phenotype is reminiscent of abnormal
emigration of spinal MNs along the ventral root observed upon down-
regulation of Isl1 in MNs (Lee et al., 2015), suggesting that postmitotic
MN activity of CBP and p300 may depend on Isl1.

Therefore, we asked whether CBP and p300 coactivators might
contribute to the regulation of Isl1 expression by the OC transcription
factors. Here, we show that both coactivators are bound to the CREST2
enhancer of Isl1 where OC factors are also found. We demonstrate that
the activation of the CREST2 enhancer depends on CBP and p300 ac-
tivity. Finally, we show that CBP and p300 activity is required for the
stimulation of Isl1 expression by the OC factors. Taken together, these
observations suggest that CBP and p300 coactivators contribute to the
maintenance of Isl1 expression by the OC transcription factors in em-
bryonic spinal MNs.

2. Materials and methods

2.1. Chromatin immunoprecipitation (ChIP) assay

Neural tubes were dissected from Hamburger-Hamilton (HH) 19
stage chicken embryos and dissociated in DMEM/F12 using a Dounce
homogenizer, as previously described (Roy et al., 2012). Cell homo-
genates were treated with 1% formaldehyde at room temperature for
10min. Chromatin was fragmented to 200–1000 bp by sonication (high
power, 30 cycles of 30 s with 1min pulse interval) and incubated
overnight at 4 °C under rotation with an antibody specific of the factor
of interest or mouse IgG as a negative control. Immunoprecipitation
was performed using a ChIP Kit (Millipore 17–371) according to the
manufacturer's instructions. Antibodies were rabbit anti-OC1 at 1:50
(Santa Cruz sc-13,050), rabbit anti-CBP at 1:50 (Santa Cruz sc-369),
rabbit anti-p300 at 1:25 (Santa Cruz sc-584) and rabbit anti-acetyl-
histone H3 that recognizes acetylated N-terminal regions of Histone H3
at 1:25 (Merck 06–599). Fold enrichment was calculated over IgG using
2(–ddCt), where ddCt= (Ctip-Ctinput) – (CtIgG-Ctinput) on CREST1,
CREST2, CREST3 and noggin sequences (Roy et al., 2012).

2.2. Chicken embryonic spinal cord electroporations

In ovo electroporation was performed at stage HH10-12, as pre-
viously described (Roy et al., 2012). pCMV-Oc1-flag (0.5 μg/μl) with or
without the pcS2-E1A-HA (1 μg/μl) was co-electroporated with a pCMV-
eGFP plasmid to visualize electroporated cells at concentrations re-
quired to standardize the final DNA concentration (2 μg/μl). Embryos
were collected 6 h after electroporation (HH12-13) and fixed in PBS1x/
4% paraformaldehyde (PFA) for 10min. The zCREST2-hsp70:GFP re-
porter vector (3 μg/μl) (kindly provided by H. Okamoto (Uemura et al.,
2005)) with or without the pcS2-E1A-HA (1 μg/μl) was co-electro-
porated with a pCAG-DsRed2 plasmid to visualize electroporated cells at
concentrations required to standardize the final DNA concentration
(4.25 μg/μl). Embryos were collected 48 h after electroporation (HH20-
22) and fixed in PBS/4%PFA for 25min.

2.3. Immunofluorescence labelings and quantifications

After fixation, chicken embryos were washed thrice in PBS1x for
10min and incubated in PBS1x/30% sucrose overnight at 4 °C. They
were embedded and frozen in PBS1x/15% sucrose/7.5% gelatin before
cryosectioning (14 μm). Immunofluorescent labelings were performed
as described (Francius and Clotman, 2010). Primary antibodies were
chicken anti-GFP at 1:2000 (Aves Lab GFP-1020) or rat anti-GFP at
1:3000 (kindly provided from S. Malas), rabbit anti-HA at 1:1000 (Cell
signaling C29F4), mouse anti-Hb9/MNR2 at 1:1000 (DSHB 81.5C10),
goat anti-Isl1 at 1:3000 (Neuromics GT15051), rabbit anti-OC1 at 1:100
(Santa Cruz sc-13050) or guinea pig anti-OC1 at 1:1000 (Novo Nordisk
4079C), rabbit anti-RFP at 1:1000 (Rockland 600-401-379) and mouse
anti-βIII-tubulin (Tuj1 antibody) at 1:6000 (Covance MMS-435P-0100).
Secondary antibodies were donkey anti-chicken/AlexaFluor 488,
donkey anti-sheep/AlexaFluor 594 or 647, donkey anti-mouse/Alexa-
Fluor 488 or 647, donkey anti-guinea pig/AlexaFluor 647, donkey anti-
rat/AlexaFluor 488 and donkey anti-rabbit/AlexaFluor 594 or 647
purchased from Jackson Laboratories or Thermo Fisher used at 1:1000
or 1:2000 respectively. Immunofluorescence images of cryosections
were acquired on a Confocal laser Scanning biological microscope
FV1000 Fluoview with the FV10-ASW 01.02 software (Olympus). The
images were treated with Adobe Photoshop CS5 software to match
brightness and contrast with the observations. For quantifications, cells
were counted on five sections of spinal cord in at least five independent
embryos (n≥ 5) using the count analysis tool of Adobe Photoshop CS5
software. SigmatPlot v11 was used to perform statistical analyses.
Standard Student's t-tests or Mann-Whitney U tests were applied based
on the number of comparisons and on the variance in each group.
Quantitative analyses were considered significant at p≤ 0.05.

3. Results

3.1. CBP and p300 coactivators are bound to the CREST2 enhancer of Isl1

CBP and p300 coactivators are initially detected at embryonic day
(E)8.5 in the mouse throughout the developing neural tube. At later
stages, they are produced in MNs and play key role during MN gen-
eration (Lee et al., 2009). OC factor expression is initiated around E9.0
in newborn MNs (Francius and Clotman, 2010). OC contribute to
maintain MN Isl1 expression through direct binding to the CREST2
enhancer (Kim et al., 2015; Rhee et al., 2016; Roy et al., 2012). Indeed,
the regulation of Isl1 is under the control of three conserved enhancers
called CREST1-3 (Uemura et al., 2005). Our laboratory previously
showed that CREST1 contains one potential OC binding site (5′-(A/T/G)
(A/T) (A/G) TC(A/C)AT N (A/T/G)-3′) (Jacquemin et al., 2000; Lannoy
et al., 1998), that CREST2 contains two such sequences while CREST3
has none (Roy et al., 2012) (Fig. 1A, red boxes). Furthermore, we and
others previously showed by ChIP assay that OC-1 binds preferentially
to the CREST2 enhancer of Isl1 (Kim et al., 2015; Roy et al., 2012). We
hypothesized that CBP and p300 cofactors may contribute to the reg-
ulation of Isl1 expression by OC proteins. To address this hypothesis, we
first assessed the binding of CBP and p300, which are ubiquitously
detected in the spinal neuroepithelium (Lee et al., 2009; Fig. S1), to the
Isl1 enhancers in the chicken embryonic spinal cord at comparable
developmental stages. The Noggin promoter served as a negative con-
trol as it is not bound by OC factors (Roy et al., 2012). ChIP assay
indicated that, as observed for the single chicken OC protein (cOC-1)
(Francius and Clotman, 2010), endogenous CBP was highly enriched on
CREST2. This coactivator is also mildly enriched on CREST3 and on
Noggin promoter, and in lower amounts on CREST1 (Fig. 1B). In
comparison, p300 was enriched on CREST2 and less on CREST3 and on
the Noggin promoter but not on CREST1. This indicates that CBP and
p300 are found on CREST2 enhancer as observed for OC factors. As CBP
and p300 coactivators contribute to transcriptional activity through
their intrinsic HAT activity, histone H3 acetylation was similarly
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assessed by ChIP assay. Consistently, CREST2 and CREST3 enhancers,
as well as the Noggin promoter, were associated with enriched histone
H3 acetylation and thereby increased chromatin accessibility, with an
enrichment profile similar to the binding of the coactivators, i.e.,
CREST2 > CREST3 > Noggin > CREST1 (Fig. 1B). These data in-
dicate that CBP and p300 are physically recruited to a cis-regulatory
enhancer of Isl1 known to be active in motor neurons and bound by OC
proteins.

3.2. CBP and p300 contribute to the activity of the CREST2 enhancer of Isl1

During embryonic development, Isl1 is produced in differentiating
MNs, in dorsal dI3 interneurons and in the sensory neurons located in
the dorsal root ganglia. The CREST2 enhancer stimulates reporter gene
expression (zCREST2-hsp:GFP plasmid) in sensory neurons and in part
of MNs 24 h after chicken embryonic spinal cord electroporation (Kim
et al., 2015). To assess the contribution of CBP and p300 to CREST2
activity, zCREST2-hsp:GFP was electroporated with (Fig. 2F–J) or
without (Fig. 2A–E) the pcS2-E1A-HA plasmid, which encodes the
adenovirus E1A oncoprotein that directly and specifically inhibits the
HAT activity of the CBP and p300 cofactors (Arany et al., 1995;
Lundblad et al., 1995). Production of E1A was detectable as early as 6 h
after electroporation and was still visible after 48 h (Figs. 2G', 3E' and
S2). Labeling for βIII-tubulin demonstrated that ectopic E1A production
did not interfere with neuronal maturation (Fig. S3). In the absence of
E1A, CREST2 was strongly stimulated in a majority of differentiating
MNs labeled by Isl1 (Fig. 2C). However, in the presence of E1A, the
proportion of MNs showing detectable CREST2 activity strongly de-
creased (Figs. 2H,K and S4). Furthermore, the presence of E1A sig-
nificantly reduced the number of Isl1-positive MNs compared to the
control side (Fig. 2D,I,L). Consistently, the number of MNs containing

Hb9, the expression of which is stimulated by Isl1 and supports MN
differentiation (Lee et al., 2008; Tanabe et al., 1998), was also sig-
nificantly decreased when the HAT activity of CBP and p300 was in-
hibited (Fig. 2E,J,M). These results indicate that CBP and p300 con-
tribute to the activity of the CREST2 enhancer of Isl1 and confirm that
these cofactors favor MN differentiation (Lee et al., 2009).

3.3. CBP and p300 are required for stimulation of Isl1 expression by OC
factors

To assess whether CBP and p300 serve as key partners for OC factors
to stimulate Isl1 expression, we co-electroporated Oc1 expression vector
with or without the pcS2-E1A-HA plasmid in chicken embryonic spinal
cord. As we previously reported, misexpression of Oc1 induced ectopic
production of Isl1 as early as 6 h after electroporation (Fig. 3A–D), in-
dicating that OC factors can stimulate Isl1 expression independently
from the cellular context (Roy et al., 2012). In contrast, the presence of
E1A along with Oc1 (Fig. S2) completely prevented ectopic expression
of Isl1 despite similar overproduction of OC-1 (Fig. 3E–H). These ob-
servations demonstrate that the HAT activity of CBP and p300 coacti-
vators contributes to the ectopic stimulation of Isl1 expression by OC
factors.

4. Discussion

Although multiple studies on Isl1 expression and on its importance
for MN production and differentiation in the embryonic spinal cord
have been reported (Lee et al., 2008; Pfaff et al., 1996; Roy et al., 2012;
Thaler et al., 2004; Thaler et al., 2002; Tsuchida et al., 1994), fewer is
known about the molecular mechanisms that control the transcriptional
regulation of this gene. Using chromatin immunoprecipitation and in

Fig. 1. CBP and p300 coactivators are bound to the
CREST2 enhancer of Isl1. (A) Schematic representa-
tion of the Isl1 enhancers. The coding sequence of
Isl1 is represented by the black box with the up-
stream CREST3 enhancer and downstream CREST1
and CREST2 enhancers shown as white boxes. The
red boxes in enhancers correspond to potential OC
binding sequences. (B) Binding of endogenous
chicken cOC-1, CBP and p300 on Isl1 enhancers as-
sessed by ChIP. CBP and p300 coactivators are pre-
ferential bound on the CREST2 enhancer, like cOC-1,
although they are also detected on CREST3 and to a
lesser extent on the Noggin promoter. Furthermore,
the CREST2 enhancer is acetylated and tran-
scriptionally active as evaluated by the acetylation of
histone H3. n≥ 3. (For interpretation of the refer-
ences to colour in this figure legend, the reader is
referred to the web version of this article.)
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ovo electroporation in chicken spinal cord, we obtained results that, in
combination with previous reports (Lee et al., 2009), support the hy-
pothesis that CBP and p300 coactivators cooperate with OC factors to
regulate Isl1 expression in postmitotics MNs.

Isl1 is critical for proper spinal MN development. Although not
necessary to produce newly-born MNs, it is required for maintenance of
MN identity. Indeed, constitutive inactivation of Isl1 results in a loss of
MNs (Pfaff et al., 1996). In contrast, hypomorphic Isl1 allele or condi-
tional inactivation of Isl1 in spinal neurons results in the differentiation
of hybrid cells coactivating MN and V2 interneuron differentiation
programs (Song et al., 2009). Isl1 expression is initiated early during the

differentiation of newly-born MNs through the indirect action of Hb9
(Tanabe et al., 1998), and is later maintained in most MN subtypes
(Tsuchida et al., 1994), notably through the activity of the OC factors
(Kim et al., 2015; Roy et al., 2012). Subtype-specific expression of Isl1 is
controlled by three regulatory elements termed CREST1-3. CREST1,
located downstream of the Isl1 coding sequence, ensures Isl1 expression
in MNs that regulate the contraction of axial muscles of the back (MMC)
and in visceral MNs of the preganglionic column (PGC) that innervate
the ventral sympathetic chain and thereby control the contraction of
visceral smooth muscles. CREST2, further downstream of CREST1, sti-
mulates Isl1 production in MNs innervating intercostal muscles (HMC),

Fig. 2. CBP and p300 contribute to the activity of the
CREST2 enhancer of Isl1. Immunolabelings for
DsRed2, HA, Isl1 and Hb9 48 h after co-electro-
poration of the CREST2-GFP reporter construct with
(F–J) or without (A–E) the pcS2-E1A-HA in chicken
embryonic spinal cord at HH10-12. The pCAG-
DsRed2 is added as an electroporation control (B,G).
(A–C) A reporter vector in which GFP expression is
regulated by the CREST2 enhancer of Isl1 is activated
in most of the differentiating motor neurons. (F–H)
In the presence of E1A (G'), which inhibits the his-
tone acetyltransferase activity of CBP and p300,
CREST2 activation is strongly decreased and GFP is
detected in a lower proportion of motor neurons (H)
although the electroporation efficacy is similar to the
control (G). (K) Quantification of the proportion of
motor neurons expressing GFP in the absence or in
the presence of E1A (t-test; p=0.008). (L,M)
Quantification of the number of Isl1-positive (t-test;
p=0.041) or Hb9-positive (t-test; p=0.034) motor
neurons in the control or electroporated side of the
spinal cord in the absence or in the presence of E1A.
A,B,C,D and F,G,H,I are different images of the same
sections, G' shows a section adjacent to that shown in
F,G,H,I. ∑=electroporated side. n=7. Scale
bar= 50 μm.
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PGC and LMCm (ventral limb muscles) MNs. Finally, CREST3, which is
located upstream of the Isl1 coding region, is rather active in sensory
neurons (Kim et al., 2015; Uemura et al., 2005). Potential OC binding
sites have been detected in CREST1 and CREST2, however OC factors
only bind to CREST2 and activate it through 2 distinct conserved
binding motifs (Kim et al., 2015; Roy et al., 2012). Here, as previously
observed with rat proteins, we confirmed that cOC-1 is bound to the
chicken CREST2 but not to CREST1 or CREST3. CREST1 is bound and
stimulated by Phox2 factors in hindbrain branchiomotor neurons. In the
spinal cord, CREST1 is activated by Lhx3 alone and by the MN-specific
Isl1-NLI-Lhx3 hexameric complex, resulting in a feed-forward me-
chanism that contributes to maintain Isl1 expression. CREST1 activation
in V2a interneurons, wherein Lhx3 is also present, is prevented by the
V2a-specific Chx10 repressor whereas induction in MN or V2 progeni-
tors is repressed by Olig2 and Sox1, respectively (Kim et al., 2015).
However, Lhx3 expression in MNs is rapidly restricted to the MMC MNs
(Sharma et al., 1998), raising the question of the maintenance of Isl1
production in other motor columns. As previously reported, OC factors
take over to maintain Isl1 expression in HMC, PGC and LMCm neurons
through the CREST2 enhancer (Roy et al., 2012). Interestingly, OC
proteins have been shown to recruit Isl1 on enhancers that ensure stable
gene expression in differentiating MNs (Rhee et al., 2016), suggesting
that OC also promote a feed-forward mechanism that may contribute to
maintain Isl1 production. Recruitment of Isl1 to these late enhancers
correlates with an enrichment in p300 (Rhee et al., 2016).

OC factors have been shown to interact with CBP and p300 in he-
patic cells (Lannoy et al., 2000; Rausa et al., 2003). Our data suggest
that OC proteins can also interact with these cofactors in spinal MNs
and that this interaction contributes to the maintenance of Isl1 ex-
pression by the OC factors. CBP and p300 are highly enriched on
CREST2, as observed for OC proteins. CBP is also detected on CREST3
and on the Noggin promoter, and to a lesser extent on CREST1. This
indicates that CBP and p300 may interact with OC proteins bound to
the CREST2 enhancer, whereas these cofactors likely interact with other
DNA-bound proteins or complexes on CREST3 and on the Noggin

promoter, as shown in other cell types. For example, Isl1 is proposed to
recruit p300 and to promote histone H3 acetylation on the Mefc2 pro-
moter during cardiac development (Yu et al., 2013). Consistently, Isl1
binding to MN-specific enhancers, as observed on CREST1, correlates
with p300 enrichment and acetylation of histone H3 (Rhee et al., 2016).
Similarly, Phox2 factors bind the CREST1 enhancer in branchiomotor
neurons (Kim et al., 2015) and Phox2b has been shown to interact with
CBP (Wu et al., 2009). However, CBP and p300 were not found and
histone H3 acetylation was not detected on the CREST1 enhancer in our
experiments, suggesting that other cofactors that remain to be identi-
fied are recruited to, and activate, CREST1 in the spinal MNs. Thus,
recruitment of CBP or p300 cofactors to CREST2, which likely involves
OC factors, could be critical to maintain Isl1 expression during MN
differentiation. This hypothesis was confirmed by our co-electropora-
tion experiments in chicken embryonic spinal cord, which demonstrate
that CBP and p300 activity contributes to the activation of the CREST2
enhancer and participates in the stimulation of Isl1 expression by the
OC factors. In contrast, despite the presence of OC factors in sensory
neurons (Landry et al., 1997), OC are not required for Isl1 production in
this neuronal type as Isl1 expression is maintained in the dorsal root and
cranial ganglia of OC mutant mice (F.C., unpublished data). Accord-
ingly, although Cut domain proteins are predicted to bind the con-
served CDP CR1 recognition motifs present in the CREST3 sequence
(Uemura et al., 2005), potential OC binding site are not detected in
CREST3 and OC are not bound to the CREST3 enhancer in the devel-
oping spinal cord (Kim et al., 2015; Roy et al., 2012) (and the present
study). Therefore, recruitment of CBP and p300 to CREST3 involves
other transcription factors that remain to be identified.

CBP and p300 have been demonstrated not only to acetylate his-
tones but also to acetylate lysine residues of different proteins and
thereby modulate their activity (Bedford and Brindle, 2012). Interest-
ingly, stability of the OC-1 protein has been shown to depend on
acetylation of the lysine 339 located in the DNA-binding cut domain
(Rausa 3rd et al., 2004). Thus, recruitment of CBP and p300 to the
CREST2 enhancer may result, in addition to histone acetylation, to the

Fig. 3. CBP and p300 are required for stimulation of Isl1 expression by OC factors. Immunolabelings for OC-1 and Isl1 6 h after co-electroporation of pCMV-Oc1-flag
with or without pcS2-E1A-HA in chicken embryonic spinal cord at HH10-12. The pCMV-GFP is added as an electroporation control. (A–C) After 6 h, Oc1 mis-
expression results in an ectopic production of Isl1, as previously reported (Kim et al., 2015; Roy et al., 2012). (D) Quantification of the number of Isl1-positive motor
neurons in the control or electroporated side of the spinal cord (Mann-Whitney; p=0.008). (E–H) In contrast, inhibition of CBP and p300 activity by E1A (F')
prevents ectopic Isl1 induction (t-test; p=0.41) despite robust production of OC-1 (F). A,B,C and D,E,F are different images of the same sections, E' shows a section
adjacent to that shown in D,E,F. ∑=electroporated side. n=5; Scale bar= 50 μm.
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acetylation of OC-1 that would stabilize this protein and promote long-
term maintenance of Isl1 expression in HMC, PGC and LMC during later
steps of MN development. This hypothesis was supported by our results
showing a significant decrease in Isl1 when the HAT activity of CBP and
p300 is inactivated. This correlated with a reduction in the number of
MNs, as evidenced by the decrease in Hb9-positive cells, likely due to a
weakening of the Isl1-Hb9 feedforward loop that promotes MN differ-
entiation (Lee et al., 2009). Furthermore, Isl1 is not only necessary for
the production and for proper differentiation of the MNs but also con-
tributes, in cooperation with Isl2, to confine MN cell bodies inside the
spinal cord. Combination of hypomorph Isl1 and null Isl2 alleles results
in massive emigration of MNs from the spinal cord along the ventral
root, whereas single mutants only display minor defects (Lee et al.,
2015). LMC MNs are more affected than MMC cells (Lee et al., 2015),
indicating that maintenance of Isl1 expression through the CREST2
enhancer may be of particular importance in this process. Consistently,
the same MN somata emigration phenotype was reported in the single
CBP and in the double CBP/p300 mutants (Lee et al., 2009), supporting
the possibility that later aspects of MN development may additionally
implicate the regulation of Isl genes by CBP/p300 cofactors.
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