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Motor axon projections are topographically ordered. Medial motor column axons project to axial muscles,
whereas lateral motor column axons project to limb muscles and, along the rostrocaudal axis of the animal,
the more rostral motor neuron pools project to more rostral muscle targets. We have shown that EphA3 is
specifically expressed in the developing medial motor column and have postulated that EphA3 might be
responsible for directing their axons to axial muscle targets. This hypothesis was supported by our demon-
stration that EphA3 can direct retinal ganglion cell axon targeting and by studies of ephrin-A5�/� mutants that
show that EphA receptor signaling controls the topographic innervation of the acromiotrapezius. To test the
role of EphA3 in motor axon guidance, we generated an EphA3 null mutant. Retrograde labeling studies in
EphA3�/� embryos and adults indicate that, contrary to our predictions, EphA3 is not necessary to direct motor
axons to axial muscle targets. Our results also demonstrate that ephrin A5’s ability to direct topographic
innervation of the acromiotrapezius must be mediated through EphA receptors other than, or in addition to,
EphA3.

Processing sensory input and executing motor programs de-
pends on the ordered connection of neurons that produce a
spatially correct neural map of the body and environment.
Such topographic maps develop when one set of neurons
project onto their targets so that the order of the neurons is
reflected in the order of their synaptic connections. Motor
neurons are topographically organized in the spinal cord (13,
20, 28). First, motor neurons that innervate individual muscles
form tightly clustered pools within the ventral horn of the
spinal cord. Second, motor neurons at a given position in the
rostrocaudal axis of the spinal cord tend to innervate skeletal
muscles located proximate to that level. Third, in both the
chick and the rodent, ventral motor neurons are readily sub-
divided into two discrete columns, the lateral motor column
(LMC) and medial motor column (MMC) that, in turn, are
subdivided into medial and lateral compartments, located at
distinct positions within the axial and rostral-caudal planes of
the spinal cord. Motor neurons within each column innervate
a specific set of skeletal muscles; those within the MMC in-
nervate axial and body wall musculature, while those within the
LMC innervate limb musculature (25, 29, 42, 43).

Eph receptors are a family of receptor tyrosine kinases that
have been shown to mediate axon guidance decisions during
embryonic development (34). The Eph receptors have been
subdivided into two classes, A and B, based on their structural
properties and their ligand binding preferences (1, 7, 18, 35).
All Eph receptors bind membrane-bound ligands designated as
ephrins. In general, any EphA receptor can bind to any ephrin
A ligand and any EphB receptor can bind to any ephrin B

ligand. Eph receptors and ephrins have been extensively char-
acterized as mediating axon-repelling (4, 8, 45) or -attracting
(24, 36) events. The role of Eph receptors in topographic
innervation was first investigated in the retinotectal system of
the chick. The opposite but complementary patterns of EphA
receptor expression in the retina and of ephrin A ligands in the
tectum suggested that retinotectal mapping may be achieved
through the repulsive interaction of EphA receptors and their
ligands (3–5, 8, 30). More recently, experiments manipulating
either EphA receptor or ephrin A ligand expression have dem-
onstrated that retinal ganglion cell axon targeting depends on
the relative levels of EphA receptor signaling (2, 10, 15, 21, 31).
Whereas retinotectal mapping depends on the repulsive inter-
actions between Ephs and ephrins, the mapping of vomerona-
sal axons on to their targets in the accessory olfactory bulb
depends on attractive Eph/ephrin interactions (24). Eph recep-
tors and ephrins have also been implicated in directing hip-
pocamposetptal, corticospinal, and intercollicular axonal pro-
jections (6, 17, 37).

Like the visual system, topographic innervation of motor
neurons was suggested to be dependent on EphA receptor-
ligand interactions based on reciprocal patterns of Eph recep-
tor expression in motor neurons and of ephrin ligands in mus-
cle targets (5, 9, 22, 23). For example, a role for ephrin A5 in
organizing the rostrocaudal projections of motor neurons was
initially based on the observation that during development
ephrin-A5 is expressed at higher levels in rostral muscle than in
caudal muscle (5, 11). More recently, Feng et al. have shown
that ephrin-A5�/� mice have a lengthening and caudalward
shift in the motor pool innervating the acromiotrapezius (11).
This is consistent with their demonstration that caudal motor
neurons are more sensitive than rostral motor neurons to eph-
rin A-mediated repulsion (5, 11). Thus, the innervation of the
acromiotrapezius in the ephrin-A5�/� mice by more caudally

* Corresponding author. Mailing address: Biotherapeutics Research
Group, The Robarts Research Institute, 100 Perth Dr., London, On-
tario N6A 5K8, Canada. Phone: (519) 663-5777. Fax: (519) 663-3789.
E-mail: abrown@robarts.ca.

8092



located motor neurons than in the wild type may be explained
by a reduction in the level of repulsive ephrin A5 ligand in this
muscle.

Our previous work has shown that EphA3 is expressed in a
subset of mouse MMC motor neurons at embryonic day 13.5
(E13.5) and in a subset of their axial muscle targets (23). We
found that EphA3 is expressed in motor neurons starting at
E10 of mouse embryogenesis, during which time motor axons
extend into the periphery and begin to make pathway choices
(32). In view of the limb bud expression of ephrin A ligands (3,
14, 16, 33), and our own demonstration that ectopic EphA3
expression can direct retinal axon guidance decisions (2), we
hypothesized that EphA3 directs axon guidance decisions in
the MMC.

To investigate the role of EphA3 in motor axon guidance, we
generated a mouse mutant with a targeted deletion in the
EphA3 gene. Using the EphA3 null mutant two hypotheses
were tested. The first hypothesis was that EphA3 mediates the
ephrin A5 signal involved in establishing the rostrocaudal po-
sition of the motor pool innervating the acromiotrapezius. This
hypothesis rests on the observations that EphA3 is expressed in
the cervical MMC and that there is a caudal shift in the posi-
tion of the motor pool innervating the acroiotrapezius in eph-
rin-A5�/� mice (11). The second hypothesis tested was that
EphA3 signaling directs MMC axons away from the limb mus-
culature and toward axial and body wall muscle targets. This
hypothesis rests on the MMC-specific expression pattern of
EphA3. We report here that EphA3 is not necessary for the
axial muscle targeting of MMC axons and that another EphA
receptor must be responsible for mediating the ephrin A5

signal that directs the topographic innervation of the acromio-
trapezius.

MATERIALS AND METHODS

Generation of the EphA3�/� mouse line. The EphA3 null mice were generated
through homologous recombination of the targeting vector shown in Fig. 1. The
targeting vector was electroporated into W9.5 embryonic stem (ES) cells. Clones
that had undergone homologous recombination were identified by Southern
blotting (38) and microinjected into C57BL/6 blastocysts. Chimeric founder mice
that transmitted the targeted allele were bred to 129S3Svimj mice (the mouse
strain from which the W9.5 ES cells were derived). This mating scheme allowed
us to analyze the mutants on a pure genetic background. All wild-type mice and
embryos used in the experiments detailed below were derived from 129S3Svimj
mice (hereafter referred to as 129Sv mice).

Assay of grip strength in EphA3�/� adults. EphA3�/� mice were tested for
evaluated for forelimb grip strength. Male wild-type (n � 8) and EphA3�/� (n �
8) mice between 3 and 4 months of age were timed for how long they could
support their weight holding onto a pencil suspended in mid-air. Each mouse was
subjected to three trials with at least a half hour rest period between each test.
The results were tabulated and compared for statistical significance by using the
Student t test (P � 0.5 considered statistically significant).

Western blotting. Proteins were extracted from E12.5 (the day of the vaginal
plug was considered E0.5) mouse embryo spinal cords and separated by electro-
phoresis on an sodium dodecyl sulfate–8% polyacrylamide electrophoresis gel.
The protein gels were blotted onto a nitrocellulose membrane (Bio-Rad) and
blocked in 5% powdered milk in Tris-buffered saline–0.5% Tween 20. The
protein blots were subsequently probed with a goat anti-mouse EphA3 antibody
(R&D Systems) at a dilution of 1:200 and a mouse anti-neurofilament antibody
at a dilution of 1:500. A horseradish peroxidase-conjugated donkey anti-goat
antibody (Santa Cruz) was used for EphA3 detection, and a horseradish perox-
idase-conjugated donkey anti-mouse antibody (Pierce Immunochemicals) was
used for neurofilament detection. Signal was visualized through enhanced chemi-
luminescence (Amersham Pharmacia Biotech).

Immunohistochemistry. Immunohistochemistry to detect Lim3, Islet-1, and
Islet-2 were carried out on 12-�m serial sections. Briefly, E13.5 mouse embryos

FIG. 1. Generation and characterization of the EphA3�/� mutant. (A) The top line represents the wild-type EphA3 genomic locus. The line
below is a sketch of the targeting construct used to generate the EphA3 null mutant. The portion of the EphA3 gene removed by homologous
recombination includes EphA3’s first exon (indicted by a box with an arrow in it) that encodes its signal sequence. (B) Western blots of E13.5 spinal
cord protein extracts from wild-type and EphA3�/� mutants with an anti-EphA3 antibody demonstrate that no EphA3 protein is produced in
EphA3�/� E13.5 spinal cords (n � 6). The same samples were analyzed by Western blotting with an anti-neurofilament antibody (right panel) as
a loading control.
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were fixed for 2 h in 4% paraformaldehyde, washed in phosphate-buffered saline
(PBS) and processed through 10, 20, and 30% sucrose solutions in PBS. The
processed embryos were sectioned by using a cryostat and thaw mounted onto
positively charged glass slides. The slides were washed in immunobuffer (PBS
containing 0.3% Triton X-100). Blocking was performed with 10% horse serum
in immunobuffer overnight. Anti-Lim3 and anti-Islet1/2 primary antibodies (gen-
erous gifts from Sam Pfaff) were diluted in immunobuffer and placed on slides
for 3 days. Incubation with a biotin-labeled donkey anti-rabbit antibody (Jackson
Laboratories), was followed by incubation with ExtrAvidin (Sigma). Antigen
detection was carried out through a nickel-intensified diaminobenzidine reaction
(Sigma).

Whole-mount neurofilament immunohistochemistry. Whole-mount immuno-
histochemistry was carried out as follows. E11.5, E12.5, and E13.5 mouse em-
bryos were harvested and collected in PBS. Embryos were fixed overnight in 4%
paraformaldehyde and then incubated overnight in Dent’s Fix (80% methanol,
20% dimethyl sulfoxide). After a wash in Tris-buffered saline containing 1%
Tween 20 for 2 days, the embryos were incubated with primary antibody 2H3
diluted 1:100 in 5% skim milk, 0.5% dimethyl sulfoxide, and 0.01% sodium azide
in Tris-buffered saline containing 1% Tween 20 for 3 days. The 2H3 monoclonal
antibody was developed by T. Jessell and J. Dodd and obtained from the De-
velopmental Studies Hybridoma Bank developed under the auspices of the
National Institute of Child Health and Human Development and maintained by
the University of Iowa, Department of Biological Sciences, Iowa City. Visual-
ization was performed by using a rhodamine red-conjugated goat anti-mouse
secondary antibody diluted 1:100.

Embryonic retrograde labeling. All protocols for these experiments were ap-
proved by the University of Western Ontario Animal Care Committee in accor-
dance with the policies established in the Guide to the Care and Use of Experi-
mental Animals prepared by the Canadian Council on Animal Care. E13.5
embryos were dissected from extraembryonic tissues, decapitated, and immersed
in cold PBS. The internal organs of each embryo were removed. Each embryo
was then pinned onto a Sylguard-coated dish. A constant flow of oxygenated
incubation buffer (124 mM NaCl, 5 mM KCl, 1.2 mM KH2PO4, 1.3 mM MgSO4,
2.4 mM CaCl2, 26 mM NaHCO3, 10 mM D-glucose) was maintained through the
dish to preserve the neural tissue. A total of 1 to 2 �l of a 5% dextran-
tetramethylrhodamine conjugate (Molecular Probes) in saline containing 1%
lysolecithin was injected into the paravertebral and limb muscles of wild-type and
EphA3 knockout embryos. After 12 h of incubation, the embryos were fixed in
4% paraformaldehyde for 90 min and then washed in several changes of PBS.
The embryos were then sectioned at 150 �m on a Vibratomed (Leica) and
observed under epifluorescence.

Adult retrograde labeling. The animals were anesthetized with a 2:1 mixture of
ketamine and xylazine (0.01 ml/10 g), and a 2-cm incision made above the
scapula. A blunt dissection was performed to expose the acromiotrapezius. Ap-
proximately 2 �l of 4% Fluorogold (Fluorochrome, Inc.) in saline was injected
into the muscle by using a pulled glass micropipette and mouth pipettor. Excess
dye was absorbed with cotton swabs. The muscle was then sealed with Nexaband
(Veterinary Products Laboratories) to prevent leakage. The incision was sutured,
and the dye was allowed to transport for 3 days, at which time the mice were
again anesthetized and transcardially perfused with 50 ml of Dulbecco modified
Eagle medium (Gibco-BRL), followed by 100 ml of 4% paraformaldehyde. Each
spinal cord was dissected from the vertebral column and the C1 to C8 region was
isolated. Cryostat sections (16 �m) were cut and thaw mounted onto positively
charged glass slides. The slides were coverslipped with 2% �-mercaptoethanol in
DePeX mounting medium (BDH, Inc.). Thaw-mounted sections were viewed
under fluorescence to reveal labeled motor neurons. The spinal segment location
of retrogradely labeled motor neurons was determined by counting dorsal roots.

RNA in situ hybridization. RNA in situ hybridizations with 35S-labeled ribo-
probes were performed as previously described (39). The 900-base EphA3 ribo-
probe was generated from the 5� end of the EphA3 gene. The EphA4 riboprobe
was generated from nucleotides 3439 to 3867 and the Islet-2 riboprobe was
generated from nucleotides 301 to 829.

RESULTS

Generating the EphA3�/� mutant. The EphA3�/� mouse
line was constructed to have a 2-kb deletion at the 5� end of the
EphA3 gene, including its first exon, which encodes its signal
sequence (Fig. 1A). Any aberrant receptor that might be pro-
duced from this allele would (i) encounter the neo stop signal,
(ii) not be localized to the membrane, and (iii) not be in frame

if the neo cassette were spliced over to either the next or the
following exon. To verify that the EphA3 knockouts were in-
deed null mutants, we performed Western blot analysis on
wild-type and EphA3�/� E12.5 spinal cord protein extracts
with an anti-EphA3 polyclonal antibody. To ensure equal load-
ing, the protein blots were also probed with an anti-neurofila-
ment antibody. As predicted by the construct design,
EphA3�/� animals do not produce any EphA3 protein (n � 6)
(Fig. 1B).

Partially penetrant perinatal mortality in EphA3�/� mice.
Early in the breeding of the EphA3 null mutants it became
obvious that EphA3�/� homozygotes were not being produced
in the expected numbers. Of 194 pups from EphA3�/� matings,
68 wild types, 110 heterozygotes, and 16 homozygotes were
obtained. The observed number of EphA3�/� mice from these
matings was significantly lower than the expected 25% (chi-
square test, P � 0.0001). Closer observation of newborn pups
demonstrated that ca. 70% EphA3�/� mice die within the first
48 h of birth. Postmortem examination of the tissues taken
from the EphA3�/� neonates indicates that they die of pulmo-
nary edema secondary to cardiac failure, since the lungs are
only poorly inflated and the atria are engorged with blood.
EphA3�/� mice that survive the perinatal period develop nor-
mally and have no obvious cardiac or other abnormalities.

Assay of grip strength in EphA3�/� adult mice. To assay the
EphA3�/� adult mice for deficits in motor function, their fore-
limb grip strength was assessed by timing how long they could
support their body weight by holding onto a pencil suspended
in the air. The average time wild-type mice could support their
weight by forelimb strength was 10 � 2 s, while the average
time for EphA3�/� mice 12 � 4 s. These differences were not
statistically significant.

Motor column organization. To be able to interpret retro-
grade labeling studies of motor axons, we first assessed
whether the EphA3 mutation perturbed motor column organi-
zation patterns in the EphA3�/� spinal cords. To assess spinal
cord organization, we evaluated the expression patterns of
Lim-homeodomain genes that delineate different motor col-
umn populations in E13.5 wild-type and EphA3�/� embryos
(44). E13.5 spinal cords were analyzed for their motor neuron
organization since by this developmental time point motor
neurons have assumed their characteristic positions in the spi-
nal cord. The organization of motor neuron columns, as re-
vealed by immunohistochemistry with an anti-Islet1/Islet2 an-
tibody (to delineate MMC and LMC motor neurons) and an
anti-Lim3 antibody (to delineate only MMC motor neurons),
are identical in wild-type (n � 5) and EphA3�/� (n � 10)
embryos (Fig. 2).

Motor axon targeting in the EphA3�/� embryos. The specific
expression of EphA3 in a subset of MMC motor neurons and
in a subset of MMC muscle targets, led us to the hypothesis
that EphA3 directs MMC axons to these targets (23). Specifi-
cally, we predicted that if EphA3 is necessary for MMC axon
targeting, then MMC axons in the EphA3�/� mutant would
innervate abnormal targets such as the limb musculature. To
analyze the general pattern of nerve projection patterns in the
EphA3�/� mutants, we performed whole-mount immunohis-
tochemistry on E12.5 embryos with an anti-neurofilament an-
tibody (Fig. 3). No significant differences in the patterns of
spinal nerve projections were observed between wild-type (n �
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12) and EphA3�/� (n � 21) embryos when they were analyzed
by whole-mount anti-neurofilament antibody staining. For a
more detailed analysis of the MMC projection patterns in
these mutants, we injected a rhodamine-dextran conjugate into
the paravertebral and limb muscles of E13.5 wild-type and
EphA3�/� embryos. If, as we predicted, EphA3 signaling is
necessary to prevent MMC axons from innervating the limb
musculature, then we would have observed some fluorescently
labeled motor neurons in the MMC of EphA3�/� spinal cords
after retrograde labeling of the limb. Examination of the ret-
rogradely labeled wild-type and EphA3�/� spinal cords re-

vealed that, in all cases, the fluorescently labeled motor neu-
rons were confined to the MMC after paravertebral muscle
injection (n � 12, wild type; n � 12, EphA3�/�) (Fig. 4A and
B) and to the LMC after limb muscle injections (n � 8, wild
type; n � 12, EphA3�/�) (Fig. 4C and D).

Motor axon targeting in the EphA3�/� adults. The motor
neuron pool innervating the acromiotrapezius is shifted cau-
dally in ephrin-A5�/� mice (11). Since EphA3 is expressed in
cervical motor neurons, we postulated that a similar caudal-
ward shift would be found in this same motor neuron pool in
EphA3�/� mice. Retrograde labeling studies were performed

FIG. 2. Motor column organization in the EphA3 mutants. To determine whether the EphA3 null mutant has the normal columnar organization
of motor neurons, immunohistochemistry was carried out on cross sections through wild-type (WT) (n � 5) and EphA3�/� (KO) (n � 10) E13.5
spinal cords. (A and B) Sections probed with an anti-Lim3 antibody to delineate the MMC; (C and D) sections probed with an antibody that
recognizes both Islet-1 and Islet-2 and therefore delineates both the MMC (arrowheads) and the LMC (black arrows). Interneurons are also
immunoreactive for these markers, and their positions are indicated by white arrows. This analysis demonstrates that the motor column
organization in EphA3�/� mice appears to be unaffected by their mutation. Bar, 0.2 mm.

FIG. 3. Spinal nerve projection patterns in EphA3�/� mutants. To analyze the EphA3�/� mutants for gross abnormalities in the patterns of their
spinal nerve projections, E12.5 wild-type (n � 12) and EphA3�/� (n � 21) embryos were subjected to whole-mount immunohistochemistry by using
an anti-neurofilament antibody. The embryos were subsequently sectioned on a Vibratome at 150 �m and viewed under epifluorescence. No
significant differences between the mutants and wild-type were detected at this level of analysis. Bar, 0.5 mm.
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by injecting the acromiotrapezius with Fluorogold in order to
compare the location and extent of the acromiotrapezius mo-
tor pool in EphA3�/� and wild-type mice. We were particularly
careful to inject the caudal half of the muscle because we
wanted to examine the caudalmost extent of this motor pool.
Examination of the labeled motor neurons in the spinal cords
indicated that the majority of motor neurons innervating the
acromiotrapezius are in C1 and C2 in both wild-type (n � 6)
and EphA3�/� (n � 6) mice. Some retrogradely labeled motor
neurons were in C3, but none were caudal to C3. These ex-
periments revealed no shift in the rostro-caudal location of
motor neurons innervating the acromiotrapezius in the
EphA3�/� mutants (Fig. 5).

EphA4 expression in motor neurons. One possible explana-
tion for the absence of an axon guidance defect in the
EphA3�/� mice is that another EphA receptor compensates
for the EphA3 mutation. We therefore carried out RNA in situ
hybridizations on cross sections of E11.5 spinal cords to ana-
lyze the expression of all EphA receptors (EphA1 to EphA8)
in developing motor neurons. Only EphA4 and EphA3 were
observed to be expressed in developing motor neurons. Fur-
thermore, the RNA in situ hybridizations carried out on serial
sections of E11.5 embryos reveal that EphA3 and EphA4 are
both expressed in developing MMC motor neurons (Fig. 6).

DISCUSSION

Studies in the development of motor neuron projections in
the chick demonstrate that motor neurons are predestined to
innervate particular muscles before their axons extend into the
periphery. This has been demonstrated by the ability of motor
neurons to correct their trajectories and project to appropriate
targets despite early spinal cord segment reversals (26), limb
bud reversals (12), and limb shifts (27). Accumulated evidence
suggests that members of the LIM homeodomain (LIM-HD)
family of transcription factors could be responsible for this
early specification of motor neuron targets. Support for this
assertion originally came from the observation that motor neu-
rons with similar targets express the same combination of LIM
homeodomain genes (44). The ability of LIM-HD genes to
specify motor neuron targets has been more recently demon-
strated by gene targeting studies in which targeted disruptions
of specific LIM-HD genes or their ectopic expression have
been shown to respecify motor neuron targets according to the
motor neuron’s new combinatorial code of LIM-HD genes (40,
41). The ability of LIM-HD genes to determine motor neuron
target specificity suggests that these transcription factors must
regulate the expression of proteins, such as Eph receptors and
their ligands that can regulate axon guidance decisions (2, 10,
11, 15, 21, 31, 37).

FIG. 4. Retrograde labeling studies in EphA3�/� mutant embryos. Wild-type (A and C) and EphA3�/� (B and D) E13.5 embryos were
retrogradely labeled by injecting a rhodamine-dextran conjugate into their paravertebral muscles (A and B) or limb muscles (C and D). The
positions of the MMC and of the LMC (indicated by the white dashed curves) were observed by overexposing the image. In both wild-type and
EphA3�/� mutants, tracer injection of paravertebral muscles consistently retrogradely labeled the MMC, while tracer injection of the limb muscles
consistently labeled the LMC. Bar, 0.2 mm.
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The motor pool that innervates the acromiotrapezius is
shifted caudally in ephrin-A5�/� mice (11). We hypothesized
that the ephrin-A5 sensitivity of cervical motor axons is medi-
ated by EphA3 and, that in EphA3�/� mice, we would observe
a caudalward shift in the motor neuron pool innervating the
acromiotrapezius. The absence of any shift in the position of

the motor pool innervating the acromiotrapezius in the
EphA3�/� mutants suggests that EphA3 alone is not respon-
sible for mediating the ephrin A5 signal that organizes these
projections. The early (E11.5) coexpression of EphA3 and
EphA4 in the cervical MMC suggests that EphA4 alone, or in
conjunction with EphA3, is responsible for mediating the eph-
rin A5 signal that organizes the topographic innervation of the
acromiotrapezius.

Based on the expression of EphA3 in the MMC and on the
expression of ephrin A’s in the limb bud, we hypothesized that
EphA3 would be necessary for the appropriate axial and body
wall targeting of MMC axons. We also predicted that, in the
absence of EphA3, some MMC axons would inappropriately
innervate limb musculature. Our analysis demonstrated that
MMC axons in the EphA3�/� mutants project normally despite
the absence of EphA3 expression. Thus, it appears that EphA3
is not necessary for MMC axon guidance. One explanation for
the correct targeting of MMC axons in the EphA3�/� mutant
is that the early expression of EphA4 in MMC neurons may
compensate for the absence of EphA3. Indeed, EphA4 has
been shown to be involved in the formation of corticospinal
projections (6) and in the correct targeting of LMC motor
axons (19). However, this explanation is only partially satisfac-
tory since we have previously demonstrated that the topo-
graphic projections of retinal ganglion cells onto the superior
colliculus depends on the relative levels of EphA receptor
expression on axons competing for synaptic targets (2). Thus, if
motor axon projections are also dependent on the relative
levels of EphA receptor signaling, then MMC axons should
project abnormally in the EphA3�/� mutant because in this
mutant the relative levels of EphA receptor expression be-
tween different motor neuron columns has been altered. Our
inability to demonstrate abnormalities in motor axon targeting
in the EphA3 mutants indicates that either EphA3 controls
only minor, subtle aspects of motor axon guidance or that
other molecular pathways may be rescuing the mutants from
axon guidance defects and suggests that these pathways may
play a dominant role in motor axon guidance.

FIG. 5. Retrograde labeling studies in EphA3 mutant adults. The
acromiotrapezius muscles of wild-type (n � 6) (A) and EphA3�/� (n �
6) (B) mice were injected with Fluorogold. After we allowed time for
the tracer to be transported to the innervating motor neurons, the
spinal cords were sectioned and analyzed for the position of labeled
motor neurons. Labeled motor neurons fell almost exclusively in spinal
segments C1 to C3. Thus, no shift in the motor neuron pool innervat-
ing the acromiotrapezius in EphA3�/� mutants could be detected. Bar,
0.5 mm.

FIG. 6. The EphA3 and EphA4 genes are coexpressed in motor neurons during development. RNA in situ hybridizations for EphA3 (A), EphA4 (B),
and (C) Islet-2 were carried out on 7-�m serial sections of E11.5 wild-type embryos. The sections were counterstained with DAPI (4�,6�-diamidino-2-
phenylindole), and the silver grains were viewed with a red filter under dark-field illumination. Islet-2 expression delineates the motor neurons in the field.
Note that EphA3 and EphA4 are coexpressed in a subset of MMC motor neurons at this developmental time point. Bar, 0.1 mm.
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