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Repulsive Eph forward signaling from limb-derived ephrins guides the axons of lateral motor column (LMC) motor neurons. LMC axons also
express ephrinAs, while their EphA receptors are expressed in the limb mesenchyme. In vitro studies have suggested that reverse signaling from
limb-derived EphA4 to axonal ephrinAs might result in attraction of LMC axons. However, genetic evidence for this function is lacking. Here we
use the Dunn chamber turning assay to show that EphA proteins are chemoattractants and elicit fast turning responses in LMC neurons in vitro.
Moreover, ectopic expression of EphA4 in chick hindlimb changes the limb trajectory of LMC axons. Nervous system-specific deletion of EphA4
in mice resulted in fewer LMC axon projection errors than the ubiquitous deletion of EphA4. Additionally, a signaling-incompetent EphA4
mutant partially rescued guidance errors in the hindlimb, suggesting that limb-derived EphA4 contributes to the establishment of LMC projections. In summary, we provide evidence for a role of EphA:ephrinA attractive reverse signaling in motor axon guidance and in vivo evidence of
in-parallel forward Eph and reverse ephrin signaling function in the same neuronal population.

Introduction
The establishment of a precise map of neuronal connections during development depends on the navigational decisions made by
growing axons with the help of guidance cues in their environment (Dickson, 2002). Among the prominent molecular players
implicated in axonal pathfinding are Eph receptor tyrosine kinases and their ephrin ligands, whose interactions can lead to
bidirectional signaling. Activation of Eph receptors results in
“forward” signaling events within the Eph-expressing cell, while
membrane-attached ephrin ligands trigger “reverse” signaling responses within the ephrin-expressing cell (Egea and Klein, 2007).
Eph and ephrin coexpression on the same neurons as well as in
vitro experiments suggest that forward and reverse signaling can
function in parallel and direct axonal pathway selection. However, a genetic in vivo test of such dual function remains elusive.
Motor axon projections to the hindlimb represent a convenient and well established system to study ephrin:Eph signaling.
Limb-innervating motor neurons are situated in the spinal cord
within the lateral motor column (LMC). The laterally positioned
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ally positioned (LMCM) neurons innervate ventral limb muscles
(Landmesser, 1978). The canonical model of LMC axon guidance
involves EphA4-expressing LMCL axons being repelled from
ephrinAs in the ventral limb. Deletion of EphA4 in mice leads to
ventral rerouting of LMCL axons (Helmbacher et al., 2000), a
phenotype attributed to the lack of repulsion from ephrinAs.
Conversely, ectopic expression of EphA4 in chick LMCM causes misprojections of LMCM axons into the dorsal nerve, confirming that
EphA4 forward signaling in motor axons is important for the dorsal
trajectory selection (Eberhart et al., 2002; Kania and Jessell, 2003).
In addition to its expression in LMCL axons, EphA4 is present in
dorsal limb mesenchyme, while ephrinAs are also detected in LMC
neurons (Iwamasa et al., 1999; Eberhart et al., 2000; Marquardt et al.,
2005). In vitro, EphAs and ephrinAs on LMCL axons do not interact
in cis, and can signal independently (Marquardt et al., 2005). Since
ephrinA reverse signaling leads to increased axon growth (Marquardt et al., 2005; Kao and Kania, 2011), the presence of EphA4 in
the limb mesenchyme suggests that attractive reverse signaling from
EphA4 in the dorsal limb to axonal ephrinAs could contribute to
LMCL axon guidance. However, a role of mesenchymal EphA4 in
dorsal pathway selection in vivo remains to be demonstrated. Here
we show that EphA proteins act as chemoattractants for LMCL axons
in an in vitro turning assay and upon ectopic overexpression in vivo.
The role of endogenous mesenchymal EphA4 as an attractive cue for
LMC axons can be uncovered when EphA4 forward signaling in the
axons is eliminated. Our results indicate that attractive EphA:ephrinA reverse signaling contributes to limb motor axon pathfinding.

Materials and Methods
Animals. Hb9-GFP, Prx1-cre, Nestin-cre, PGK-cre, EphA4lx, EphA4EGFP,
and EphA4 knock-out mice have been described previously (Lallemand
et al., 1998; Tronche et al., 1999; Kullander et al., 2001; Logan et al., 2002;

5210 • J. Neurosci., April 11, 2012 • 32(15):5209 –5215

Dudanova et al. • EphA:EphrinA Reverse Signaling in Motor Axons

Figure 1. EphAs induce attractive turning of LMC axons. A, Representative examples of Hb9-GFP⫹ LMC neurons in indicated gradients at the beginning of the assay (0⬘) and after 2 h
(120⬘). All images were aligned so that the gradient increases up the y-axis. Arrows point to the axon tip. Neurons were stained for Islet1 after the assay (note yellow nucleus in LMCM
neuron). Scale bars, 20 m. B, C, Graphs showing means ⫾ SEM (B) and cumulative distributions (C) of turning angles (␤) of LMC axons in the indicated gradients. The numbers of axons
analyzed are as follows: Fc, 175 axons/8 cultures; 1 g/ml EphA4-Fc, 160 axons/11 cultures; 10 g/ml EphA4-Fc, 134 axons/8 cultures; 1 g/ml EphA7-Fc, 123 axons/8 cultures; 10
g/ml EphA7-Fc, 177 axons/8 cultures. *p ⬍ 0.05, **p ⬍ 0.01, ***p ⬍ 0.001, all conditions are compared with Fc. D, Quantification of the speed of axon growth in the indicated
gradients. None of the differences are significant. E, Turning responses of LMCM and LMCL neurons in the indicated gradients. Numbers of axons analyzed: Fc, 93 LMCM and 34 LMCL
axons/8 cultures; 10 g/ml EphA4-Fc, 58 LMCM and 35 LMCL axons/8 cultures; 10 g/ml EphA7-Fc, 67 LMCM and 45 LMCL axons/8 cultures. *p ⬍ 0.05, compared with the same
population in Fc gradient. All the values are included in the quantification in B and C. F–J, Scatter plots of the angle turned (␤) versus initial angle (␣) for the indicated conditions. K,
Examples of HeLa cells transfected with HA- and mCherry-tagged ephrin constructs and immunostained for HA without permeabilization to detect the surface population of ephrins.
mCherry autofluorescence shows the total ephrin protein. Treatment with PI-PLC completely removes the surface population of GPI-anchored ephrinA5, but not transmembrane
ephrinB2. Scale bar, 20 m. L, Quantification of LMC turning responses with and without PI-PLC treatment. Numbers of axons analyzed: Fc, 19 axons/1 culture; Fc with PI-PLC, 33 axons/2
cultures; EphA7-Fc, 47 axons/3 cultures; EphA7-Fc with PI-PLC, 89 axons/4 cultures. **p ⬍ 0.01.
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Figure 2. Ectopic expression of EphA4 in the ventral limb reroutes LMCL axons. A, Scheme of chick in ovo electroporation and
retrograde tracings. B, C, Detection of GFP (green) and neurofilament (NF, red) in the hindlimb of chick HH stage 23/24 embryos
electroporated with GFP (B) or EphA4::GFP (C). Stippled boxes indicate the region of bifurcation of dorsal and ventral nerves, shown
at a higher magnification in the middle and right panels. B⬘, C⬘, detection of free EphAs by ephrinA5-Fc overlay. Arrows in C⬘ point
to patches of ectopic EphA4. B⬙, C⬙, detection of free ephrinAs by EphA4-Fc overlay. Scale bars: B, C, 300 m; B⬘, B⬙, C⬘, C⬙, 150
m. D, E, Quantification of expression of free EphAs and free ephrinAs in GFP- or EphA4::GFP-electroporated embryos. n ⫽ 4
embryos. **p ⬍ 0.01. n.s., Not significant. F, G, Detection of HRP and Lim1 in the LMC of chick embryos electroporated with GFP
or EphA4::GFP and injected with HRP into the ventral shank. Examples of Lim1 ⫹ LMCL neurons labeled with HRP are indicated by
arrows and arrowheads. Cell marked by arrowhead is shown at higher magnification (G, G⬘, insets). Scale bars: F, F⬘, G, G⬘, 35 m;
G, G⬘, insets, 8 m. H, Quantification of HRP-labeled LMCL neurons as a percentage of all HRP-labeled LMC neurons. Numbers of
embryos analyzed: n ⫽ 4 for GFP and EphA4::GFP. Minimum number of HRP ⫹ neurons counted per embryo: 109. *p ⬍ 0.05.
Wichterle et al., 2002; Grunwald et al., 2004; Herrmann et al., 2010). All
the mutants were maintained in a comparable mixed 129/Svev ⫻
C57BL/6 background. Fertilized chick eggs (Couvoir Simetin) were
stored for a maximum of 1 week at 18°C, incubated at 38°C, and staged
according to standard protocols (Hamburger and Hamilton, 1951). Embryos used were of either sex.
Dissociated motor neuron cultures and turning assay. Dissociated motor
neuron cultures were prepared, and turning assay was performed as described previously (Dudanova et al., 2010). EphA-Fc chimeric proteins
(R&D Systems) and human IgG Fc-fragment (Jackson Immunoresearch)

were preclustered with anti-human Fc antibodies
(Jackson Immunoresearch) at a 5:1 ratio for 1 h at
room temperature (RT). Phosphatidylinositolspecific phospholipase C (PI-PLC; 1 U/ml,
Sigma) was added for 1 h before the assay.
Chick in ovo electroporation. Chick limb
electroporations were performed as described
previously (Luria et al., 2008).
Retrograde neuronal fills. Retrograde fills in
chick embryos were performed as described previously (Kao and Kania, 2011). E12.5 mouse embryos were eviscerated and kept in DMEM/F-12
medium (Invitrogen) aerated with 5% CO2/95%
O2. A 6% lysine-fixable tetramethylrhodaminedextran (molecular weight 3000, Invitrogen) solution in PBS with 0.4% Triton X-100 was
injected into the ventral shank and allowed to diffuse for 5– 6 h at RT. Embryos with labeling in the
dorsal nerve were excluded from analysis.
Biochemistry. SDS-PAGE was performed as
described previously (Dudanova et al., 2010).
The following primary antibodies were used:
mouse monoclonal anti-EphA4 (anti-Sek, BD
Biosciences), 1:1000; and mouse monoclonal
anti-tubulin (clone DM 1A, Sigma), 1:50,000.
Immunostaining. Ephrin/Eph-Fc overlays
were performed as described previously (Kao and
Kania, 2011). For immunostaining, embryos
were fixed in 4% paraformaldehyde in 0.1 M
phosphate buffer for 1–1.5 h at 4°C and cryoprotected in 30% sucrose, and 15–25 m transverse
cryosections were made. The sections were dried,
rehydrated in PBS, and incubated in blocking solution (4% goat serum, 4% donkey serum, 2%
bovine serum albumin in PBS) with 0.3% Triton
X-100 overnight at 4°C. Primary antibodies were
applied in blocking solution with 0.1% Triton
X-100 for 2– 4 h at RT, followed by Cy2-, Cy3-, or
Cy5-conjugated secondary antibodies (Jackson
Immunoresearch) for 2 h at RT. Immunostaining of motor neuron cultures and HeLa cells was
performed as described previously (Dudanova et
al., 2010). The following primary antibodies were
used: rabbit anti-EphA4 (S20, Santa Cruz Biotechnology), 1:300; mouse anti-neurofilament
160 (clone NN18, Sigma), 1:500; mouse antiIslet1 (39.4D5, Developmental Studies Hybridoma Bank), 1:50; rabbit anti-Lim1 (gift from A.
Huber-Brösamle, Helmholtz Center Munich,
Munich, Germany), 1:800; rabbit anti-GFP (Invitrogen), 1:2000; and rat anti-HA (Roche),
1:2000. Embryo sections with retrograde tracings
were examined with a Leica SP2 confocal microscope. All other immunostainings were examined with an Axioplan epifluorescent
microscope (Zeiss) and were documented
with MetaMorph software.
Statistical analysis. Data are shown as the
mean ⫾ SEM, and the t test was used to analyze
statistical significance.

Results
EphA:ephrinA reverse signaling mediates attractive turning
responses in LMCL axons
To investigate whether EphAs can act as chemoattractants in an
acute turning assay, dissociated primary lumbar LMC neurons
from E12.5 Hb9-GFP transgenic mouse embryos (Wichterle et
al., 2002) were exposed to a linear gradient of preclustered
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Figure 3. EphA4 expression in conditional EphA4 mutants. A, Representative Western blots of spinal cord and hindlimb lysates from E12.5 embryos showing complete removal of EphA4 protein
from the hindlimb in Prx1-cre;EphA4lx/⫺ embryos, from the spinal cord in Nestin-cre;EphA4lx/⫺ embryos, and from both tissues in PGK-cre;EphA4lx/⫺ embryos. ␣-Tubulin is shown as loading control.
B–M, Cross sections of E11.5 embryos of the indicated genotypes labeled with anti-EphA4 and anti-NF antibodies. B, E, H, K, overviews; C, F, I, L, staining in the spinal cord; D, G, J, M, staining in
the hindlimb. Dashed lines indicate the contours of the spinal cord. d, Dorsal nerve branch; v, ventral nerve branch. Asterisks in B⬘, D⬘, H⬘, and J⬘ mark the domain of EphA4 expression in the dorsal
limb. Arrowheads point to the dorsal nerve branch. Scale bar: (in B), overviews, 400 m; higher-power magnifications, 100 m.

EphA-Fc fusion proteins in the Dunn chamber (Yam et al., 2009;
Dudanova et al., 2010). No turning was observed in a control Fc
gradient (average turning angle ␤ ⫽ 0.7 ⫾ 2.5°) (Fig. 1 A–C,F ).
Application of EphA4-Fc resulted in attractive turning of motor
axons (␤ ⫽ 9.4 ⫾ 2.8° for 1 g/ml EphA4-Fc and 12.5 ⫾ 3.1° for
10 g/ml EphA4-Fc) (Fig. 1 A–C,G,H ). In addition, EphA7, another EphA protein enriched in the dorsal limb (Araujo et al.,
1998), induced attractive turning with similar strength (␤ ⫽
9.7 ⫾ 3.4° for 1 g/ml EphA4-Fc and 13.4 ⫾ 2.7° for 10 g/ml
EphA4-Fc) (Fig. 1 A–C, I, J ). The average speed of axon growth
was comparable in all conditions (Fig. 1 D).
To determine the divisional identity of the LMC neurons that
responded to EphA-Fc gradients, we monitored the expression of
the LMCM marker Islet1 (Tsuchida et al., 1994). The average
turning angles of LMCL, but not LMCM axons, were significantly
different between control and EphA gradients (Fig. 1 A, E). The
higher turning angles observed for LMCM neurons in response to
EphA4 were not significantly different from control, and are
likely due to the ability of EphA4 to bind ephrinBs, which are
expressed in LMCM neurons (Luria et al., 2008) and can mediate
attractive reverse signaling (Kao and Kania, 2011). These data
demonstrate that EphA proteins induce rapid attractive turning
of LMCL axons, consistent with the growth of these axons toward
the EphA4-expressing limb mesenchyme in vivo.

To test whether the turning response to EphAs is mediated by
axonal ephrinAs, we treated the cultures with PI-PLC, which removes glycosyl phosphatidylinositol (GPI)-anchored proteins
from cell surface (Marquardt et al., 2005) (Fig. 1 K). The addition
of PI-PLC completely abolished turning in an EphA7-Fc gradient
(Fig. 1 L), suggesting that the attractive response to EphAs is
mediated by ephrinA reverse signaling.
Ectopic expression of EphA4 in limb mesenchyme is sufficient
to redirect LMCL projections
We reasoned that if LMCL axons are attracted to EphA4 in the
dorsal limb, then expression of EphA4 in the ventral limb should
attract some LMCL axons into the ventral nerve. To test this idea,
EphA4::GFP or GFP control plasmids were introduced into chick
hindlimbs at Hamburger-Hamilton (HH) stage 18/19 by in
ovo electroporation (Fig. 2 A), leading to ectopic patches of
EphA4::GFP or GFP-only expression in the ventral limb (Fig.
2 B, B⬘,C,C⬘,D). To detect misprojecting LMCL neurons, we injected horseradish peroxidase (HRP) into the ventral shank of
HH stage 28/29 embryos, and monitored LMC expression of the
LMCL marker Lim1 (Tsuchida et al., 1994). Significantly more
LMCL neurons innervated the ventral limb in embryos overexpressing EphA4::GFP (14 ⫾ 4% of all HRP ⫹ neurons) than in
controls (4 ⫾ 3%) (Fig. 2 F–H ). The distribution of free net eph-
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Figure 4. Guidance errors in EphA4 mutants. A–F, Single confocal plane images of the spinal cord of the indicated genotypes after ventral RD injections and staining for Islet1 and Lim1. Arrows
and arrowheads point to Islet1 ⫺, Lim1 ⫹ LMCL neurons labeled with RD. Examples indicated by arrowheads are shown in the insets at higher magnification. Dashed lines indicate LMCM and LMCL
domains. Scale bar: (in A) A–F, 50 m. G, Quantification of RD-labeled LMCL cells as a percentage of all RD-labeled LMC cells. Numbers of embryos analyzed: Prx1-cre⫺;EphA4lx/⫺, n ⫽ 8;
Prx1-cre⫹;EphA4lx/⫺, n ⫽ 9; Nestin-cre⫺;EphA4lx/⫺, n ⫽ 7; Nestin-cre⫹;EphA4lx/⫺, n ⫽ 8; PGK-cre⫺;EphA4lx/⫺, n ⫽ 6; PGK-cre⫹;EphA4lx/⫺, n ⫽ 9; EphA4⫹/⫹, n ⫽ 3; EphA4EGFP/EGFP, n ⫽ 12.
Minimum number of RD ⫹ cells counted per embryo: 106. *p ⬍ 0.05, **p ⬍ 0.01, ***p ⬍ 0.001. H, Scatter plots of individual values from each embryo. I, Model of LMCL axon guidance by EphA
forward and ephrinA reverse signaling. EphrinAs expressed ventrally act as repellants, triggering forward EphA4 signaling in the axon (thick arrow), while EphAs expressed dorsally act as weak
attractants, eliciting reverse ephrinA signaling (thin arrow).

rinAs appeared unchanged upon EphA4::GFP overexpression
(Fig. 2 B⬙,C⬙,E); therefore, LMCL axon misrouting was not due to
EphA4::GFP masking repulsive ephrinAs in the ventral mesenchyme. Thus, the redirection of LMCL axons by ectopic EphA4 is
likely mediated by attractive ephrinA reverse signaling.
The contribution of mesenchymal EphA4 to LMC axon
guidance
If mesenchymal EphA4 contributes to LMCL axon guidance, we
expected that (1) genetic deletion of EphA4 in the hindlimb
should produce LMCL pathfinding errors, and (2) ablating
EphA4 only in motor neurons should result in a weaker phenotype compared with a general EphA4 knockout. To test these
predictions, we generated limb-specific and nervous systemspecific EphA4 knockouts by crossing the conditional EphA4lx

line (Herrmann et al., 2010) with Prx1-cre and Nestin-cre transgenic mice (Tronche et al., 1999; Logan et al., 2002). In addition,
EphA4lx/lx mice were crossed with a ubiquitous deleter line, PGKcre, to obtain EphA4-null mutants. Control EphA4lx/lx embryos
had unaltered amounts of EphA4 protein and did not display
guidance errors in the hindlimb (Herrmann et al., 2010; and data
not shown). In all experiments with conditional knockouts,
cre⫹;EphA4lx/⫺ embryos were compared with cre⫺;EphA4lx/⫺
littermates.
Western blot and immunohistochemical analyses confirmed
the absence of EphA4 protein in the hindlimbs of Prx1-cre;
EphA4lx/⫺ embryos, and in the spinal cords and dorsal limb
nerves of Nestin-cre;EphA4lx/⫺ mutants (Fig. 3A–J ). In PGK-cre;
EphA4lx/⫺ embryos, no EphA4 protein was present in any tissue
(Fig. 3 A, K–M ). To assess LMCL projection fidelity in the mu-
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tants, we monitored Islet1 and Lim1 expression in LMC neurons
labeled by rhodamine dextran (RD) injections into the ventral
limb. In EphA4lx/⫺ control embryos, the number of RD-labeled
LMCL neurons was low (5– 8% of all RD ⫹ LMC neurons) (Fig.
4 A, G,H ). Some LMCL misprojections in these controls could be
due to the reduced amount of EphA4 protein in heterozygous
EphA4lx/⫺ embryos compared with EphA4lx/lx and wild-type embryos (compare to EphA4⫹/⫹ controls; data not shown). In Prx1cre;EphA4lx/⫺ embryos, the numbers of ventrally projecting
LMCL neurons were not different from control littermates (9.1 ⫾
1.8%) (Fig. 4 B, G,H ), indicating that further removal of EphA4
from the hindlimb does not have a strong impact on axon guidance. In contrast, in Nestin-cre;EphA4lx/⫺ mutants, the fraction of
RD-labeled LMCL neurons was 18.7 ⫾ 2.3% and significantly
higher than in controls (Fig. 4C,G,H ), consistent with a critical
role of axonal EphA4 in LMCL axon pathfinding (Helmbacher et
al., 2000; Eberhart et al., 2002; Luria et al., 2008). Interestingly,
the LMCL error rate in these embryos was significantly lower than
in PGK-cre;EphA4lx/⫺ embryos (27.2 ⫾ 2.9%) (Fig. 4 D, G,H ),
indicating that when EphA4 is absent from motor neurons only,
some LMCL axons are guided correctly by limb-derived EphA4.
These results reveal a significant role for mesenchymal EphA4 in
attracting motor axons.
Forward signaling-deficient EphA4 partially rescues LMC
guidance errors
To further explore the contribution of EphA4:ephrinA reverse
signaling to LMC axon guidance in vivo, we took advantage of the
EphA4EGFP mouse line (Grunwald et al., 2004), in which the intracellular domains of EphA4 are replaced by EGFP, making the
receptor signaling incompetent, while it retains its ability to bind
ephrins and trigger reverse signaling (Grunwald et al., 2004;
Filosa et al., 2009). The expression levels of EphA4-EGFP protein
were similar to the wild-type isoform (Grunwald et al., 2004; and
data not shown). Retrograde tracings revealed a high number of
LMCL axons in the ventral limbs of EphA4EGFP/EGFP mutants
(19.1 ⫾ 2.4% of all RD ⫹ neurons) compared with EphA4⫹/⫹
littermates (1.5 ⫾ 1.1%) (Fig. 4 E–H ), confirming an important
role of forward signaling in this pathway choice. However, the
fraction of misguided LMCL neurons was significantly lower than
in PGK-cre;EphA4lx/⫺ knockouts (27.2 ⫾ 2.9%) (Fig. 4 D, G,H ),
indicating that intact EphA4 extracellular domain is sufficient to
rescue some of the LMCL guidance errors, most likely by activating ephrinA reverse signaling.

Discussion
Our genetic experiments demonstrate a contribution of both forward and Eph:ephrin reverse signaling to the establishment of
limb innervation. EphA4 forward signaling appears to be the
“dominant” guidance system for the dorsal/ventral pathway
choice, because genetic ablation of EphA4 expression in motor
neurons had a stronger impact on axon pathfinding than its deletion from the limb. The effects of EphA4 ablation in the
hindlimb may, however, be partially compensated by other EphA
proteins. While EphA4 is the main EphA receptor on LMCL axons, dorsal limb mesenchyme also expresses EphA7 (Araujo et al.,
1998; Krawchuk and Kania, 2008) and EphA3 (Iwamasa et al.,
1999). Therefore, partial removal of chemoattractive cues from
the dorsal limb of Prx1-cre;EphA4lx/⫺ mice would not have a large
impact on the LMC axon projection fidelity when EphA4 forward
signaling in motor axons is intact (Fig. 4 I). However, with EphA4
forward repulsion eliminated, LMC axons might rely on attractive cues to a greater extent, and the deletion of one limb-derived

EphA would have a more pronounced effect on pathway selection. Indeed, we observed a significant difference in the number
of LMCL misprojections between the full EphA4 knockout, on
the one side, and the nervous system knockout and forward
signaling-deficient mutant, on the other. In fact, this difference
was unexpectedly large, considering the remaining expression of
other EphAs in the hindlimb. Our new findings on the function
of ephrinA reverse signaling in motor axons extend previous observations in other systems where the role of reverse signaling has
been demonstrated genetically. For instance, reverse signaling is
required for the guidance of retinotectal (Rashid et al., 2005),
vomeronasal (Knöll et al., 2001), and olfactory sensory projections (Cutforth et al., 2003), and mediates axon–axon interactions in spinal sensory–motor circuits (Wang et al., 2011).
Moreover, a recent study by Bonanomi et al. (2012) provided
independent and complementary evidence for a requirement for
ephrinA reverse signaling in LMC axon guidance. In contrast to
our findings (Dudanova et al., 2010, and this study), Bonanomi et
al. (2012) reported that EphAs and GDNF alone lack chemoattractive activity and are only able to attract LMC motor axons
when added in combination. This discrepancy may be due to
methodological differences. While Bonanomi et al. (2012) analyzed a mixed population of all lumbar LMC axons, we used only
the lower half of the LMC, which is affected in vivo, and distinguished between LMCL and LMCM turning responses.
Together with the work of Bonanomi et al. (2012), our present
findings firmly establish parallel reverse and forward signaling as
an important mode of Eph/ephrin function. Several questions
remain unanswered. Do EphA4 receptors in limb mesenchymal
cells become activated upon engagement with ephrinAs on motor axons, and do these cells respond to EphA4 forward signaling?
And what prevents motor axons from adhering to EphA4positive mesenchymal cells, a process that could interfere with
their further growth? One possibility is that EphA ectodomains
are proteolytically cleaved (Inoue et al., 2009; Oricchio et al.,
2011). Cleavage would eventually terminate EphA forward signaling in mesenchymal cells and allow motor axons to continue
growing into the limb.
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