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In the developing nervous system, projec-
tion neurons extend axons tipped with
motile growth cones that are responsible
for navigating to their appropriate targets
while avoiding inappropriate targets. In
chicks and mammals, axons use a com-
plex strategy called delayed interstitial
branching to accomplish this goal. Rather
than growing directly into the appropriate
termination zone, axons grow past their
targets, and then selectively extend collat-
eral branches onto and around their tar-
gets. Finally, exuberant branches and the
primary axon are pruned, leaving the ap-
propriate connections in the final termi-
nation zone.

How do axons restrict their branching
to their appropriate termination zone?
The retinotectal system has been studied
extensively to address this question (for
review, see McLaughlin and O’Leary,
2005). Retinal ganglion cell (RGC) axons
enter the anterior tectum and project to
the posterior tectum. Axons from tempo-
ral retina preferentially branch into the
anterior tectum, while axons from nasal
retina branch into the posterior tectum. It
is thought that axons achieve this selective
branching by responding to gradients of
axon guidance molecules that suppress
branching at inappropriate locations.
Members of the ephrinA family of guid-

ance cues are key mediators of this pro-
cess, and are expressed in a high-to-low
gradient from posterior to anterior tec-
tum. The receptor for ephrinA, named
EphA, is expressed in a high-to-low gradi-
ent from temporal to nasal on retinal ax-
ons. Extension of collateral branches is
thought to be locally suppressed along the
axon once a threshold level of EphA acti-
vation is reached. Temporal axons, which
express a higher concentration of EphA
receptors, require less ephrinA to sup-
press branching than nasal axons, and
therefore branch anterior to their nasal
counterparts. While this model explains
why temporal axons only branch in ante-
rior tectum, it does not explain why nasal
axons preferentially branch in posterior
tectum—a single branch-suppressing gra-
dient would lead nasal axons to branch
along the entire anteroposterior extent of
the tectum. Therefore a second gradient is
necessary to explain the suppression of
nasal axon branching in anterior tectum.

Interestingly, retinal axons express
ephrinA5 in addition to EphA. In contrast
to EphA, which is more highly expressed
on temporal axons, the ephrinA gradient
is highest on nasal axons and lowest on
temporal axons. This countergradient of
ephrinA suggested that ephrinA might act
as a receptor on retinal axons rather than a
ligand. Such a role has been demonstrated
in the closely related ephrinB and EphB
family proteins, which have both been
shown to act as ligand and receptor
(McLaughlin et al., 2003). For this to be
the case, EphA should be expressed in a
gradient in the tectum, and axons should
respond to EphA as a guidance cue. In-

deed, one member of the EphA family,
EphA7, is expressed in a high-to-low
anterior-to-posterior gradient in the su-
perior colliculus (SC) (Rashid et al.,
2005), the mammalian homolog of the
tectum. EphA7 was not detected in retinal
axons. Furthermore, retinal ganglion cell
axons in culture avoid stripes of EphA7
laid down on the substrate, and nasal ax-
ons in EphA7-deficient mice aberrantly
project to a second, anterior termination
zone.

Although the expression patterns eph-
rinA and EphA7 are compatible with a
model in which ephrinA acts as a receptor
on retinal axons, unlike the transmem-
brane ephrinB proteins, ephrinAs are GPI
linked, lacking an intracellular domain.
This makes it unlikely that they act as a
genuine receptor. How, then, do ephrinAs
transduce extracellular EphA7 gradients
into spatially instructive intracellular sig-
nals? Marler et al. (2008) address this
question in a recent article in The Journal
of Neuroscience.

Marler et al. (2008) hypothesized that
ephrinA might act indirectly, as a corecep-
tor for a second signaling pathway. TrkB,
a receptor for brain-derived neurotrophic
factor (BDNF), was a good candidate
since BDNF promotes branching of RGC
axons. Both overexpression of ephrinA5
and treatment with BDNF increased the
number of axon branches in retinal axons
in vitro [Marler et al. (2008), their Fig.
1F,G]. Interestingly, when BDNF was ap-
plied to the neurons that overexpressed
ephrinA5, axon branching was further in-
creased [Marler et al. (2008), their Fig.
1F,G]. Although EphA7-Fc, which acti-
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vates ephrinA5, did not interfere with
ephrinA5-enhanced axon branching,
EphA7-Fc abolished the ability of BDNF
to further enhance axon branching in the
presence of ephrinA5 [Marler et al. (2008),
their Fig. 1G]. This result raises the possi-
bility that ephrinA5 might act through
BDNF-dependent and -independent
pathways, although further study would
be required to confirm this possibility.

To test whether TrkB is involved in
BDNF- or ephrinA5-promoted axon
branching, Marler et al. (2008) knocked
down TrkB using RNA interference.
Knockdown of TrkB abolished BDNF-
enhanced retinal axon branching [Marler
et al. (2008), their Fig. 2B,C] and dimin-
ished increased axon branching evoked by
ephrinA5 [Marler et al. (2008), their Fig.
2C]. These results demonstrate that eph-
rinA5 interacts with BDNF/TrkB signal-
ing to promote axon branching.

Marler et al. (2008) next tested
whether ephrinA5 directly interacts with
Trk family proteins by using coimmuno-
precipitation assays. EphrinA5 coimmu-
noprecipitated with the three members of
the Trk family but not with PDGFR (an-
other receptor tyrosine kinase), when
overexpressed in CHO cells [Marler et al.
(2008), their Fig. 4A,B]. This suggests that
ephrinA5 and Trk receptors form a com-
plex. Is this complex necessary for their
functional interaction? By deleting differ-
ent regions of the TrkB receptor, the au-
thors identified that the CC2 domain of
TrkB receptors is necessary for the inter-
action between ephrinA5 and TrkB [Mar-
ler et al. (2008), their Fig. 4D]. Further-
more, insertion of the CC2 domain into
an unrelated receptor, Robo2, induced a
novel interaction between Robo2 and eph-
rinA5 [Marler et al. (2008), their Fig. 4E].
Thus, the CC2 domain is also sufficient to
induce the interaction between TrkB recep-
tors and ephrinA5. When an isolated CC2
domain was overexpressed in RGCs, it abol-
ished the interaction between ephrinA5 and
Trk and consequently diminished increased
axon branching evoked by BDNF, eph-
rinA5, and both [Marler et al. (2008), their
Fig. 4F,G]. These results demonstrated for
the first time the interaction between eph-
rinA5 and Trk receptors and provided a
model of how ephrinA5 acts as a receptor in
the reverse signaling of EphA/ephrinA.

Previous studies have revealed roles for
the Ras/MAP kinase, PI-3 kinase/Akt, and
phospholipase C pathways in neurotro-
phin signaling (Segal, 2003). Which neu-
rotrophin signaling pathway is initiated
after ephrinAs interacts with Trk recep-
tors? Since overexpression of Trk recep-

tors in CHO cells activated Trk receptors,
the authors switched to another cell line,
PC 12 cells, which has endogenous TrkA
with low activity that is inducible by NGF.
NGF treatment induced stronger down-
stream activation of Akt in the presence of
ephrinA than in its absence, whereas the
two other pathways were not affected
[Marler et al. (2008), their Fig. 6A,B],
suggesting that ephrinA5 binding to Trk
specifically enhances Akt activation. Fur-
thermore, neurotrophin induced interac-
tion between ephrinA5 and TrkA [Marler
et al. (2008), their Fig. 5A]. EphA7-Fc
blocked ephrinA5-augmented Akt activa-
tion under stimulation by NGF [Marler et
al. (2008), their Fig. 6C], which explains why
application of EphA7-Fc diminished
ephrinA5-augmented axon branching in
the presence of BDNF [Marler et al. (2008),
their Fig. 1G].

This study was the first to show that
ephrinAs expressed on RGC axons inter-
act with the BDNF/TrkB signaling path-
way to promote axon branching, and tec-
tal EphA7 antagonizes this process. Based
on these results, Marler et al. (2008) draw
two conclusions: first, in the absence of
tectal EphA7, axonal ephrinA binds to
TrkB and potentiates BDNF/TrkB signal-
ing, and second, when activated by EphA7
in the anterior tectum, axonal ephrinA
suppresses BDNF-induced axon branch-
ing [Marler et al. (2008), their Fig. 8]. The
first conclusion is well supported by the
experimental evidence presented in this
paper. However, some key questions re-
main about the second conclusion. For
example, is the EphA7/ephrinA interac-
tion really inhibiting BDNF-induced
axon branching? An alternative explana-
tion for the results of Marler et al. (2008) is
that ephrinA only functions as a branch-
promoting coreceptor for TrkB, and
EphA7 merely interrupts this branch-
promoting interaction. Both mechanisms
would lead to lower levels of branching in
the anterior tectum where EphA7 concen-

trations are high, but each explanation
makes different predictions about the
downstream signaling mechanisms. In
our alternative model, BDNF/TrkB sig-
naling alone is insufficient to cause axon
branching in the tectum, but axonal eph-
rinA enhances TrkB signaling such that an
intracellular signaling threshold is over-
come and branching occurs (Fig. 1, right).
In contrast, the model proposed by
Marler et al. (2008) proposes that BDNF/
TrkB signaling is sufficient to induce
branching in the tectum, but that EphA7/
ephrinA somehow suppresses this base-
line level of axon branching (Fig. 1, left).
Indeed, one key result from Marler et al.
(2008) is consistent with our alternative
hypothesis: if EphA7 activates ephrinA to
suppress branching, then axons overex-
pressing ephrinA and treated with EphA7
should have significantly fewer branches
than those not treated with EphA7, but
they do not [Marler et al. (2008), their Fig.
1G]. This result is inconsistent with the
branch-suppression hypothesis favored by
Marler et al. (2008), and highlights the need
for further study.

Since both models predict the same
retinotectal branching pattern (Fig. 1),
how can we differentiate between these
two models? Two recent studies may pro-
vide mechanistic insights to the signaling
pathways investigated by Marler et al.
(2008). A study by Lim et al. (2008) dem-
onstrated that ephrinA on RGC axons also
interacts with p75, another BDNF recep-
tor. EphA7/ephrinA complex activated
p75 to mediate repulsion in vitro, and
p75-null axons failed to avoid substrate-
bound EphA7. This result could be inter-
preted as supporting the hypothesis
that EphA7/ephrinA actively suppresses
branching. However, RGC axons from
p75-deficient mice did not replicate the
EphA7-null phenotype: rather than pro-
jecting to both anterior and posterior ter-
mination zones as in the EphA7-deficient
mice (Rashid et al., 2005), nasal RGC ax-

Figure 1. Left, Two gradients EphA and ephrinA in the tectum activate axonal ephrinA in the rostral tectum and axonal EphA
in the caudal tectum, respectively, to suppress branching. BDNF promotes branching uniformly, and branching occurs where
axonal ephrinA and EphA activation reaches a minimum. Adapted from Figure 8 B of Marler et al. (2008). Right, An alternative
model in which only axonal EphA suppresses branching, while axonal ephrinA/TrkB promote branching. Tectal EphA (highest in
rostral tectum) disrupts ephrinA/TrkB signaling, so ephrinA/TrkB activity increases from rostral to caudal. Branching occurs once
an intracellular threshold is reached.
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ons shifted or expanded to slightly more
anterior positions (Lim et al., 2008). If
EphA7 acts via p75 to suppress branching,
then similar guidance errors should be
observed in both knock-outs.

If the results from p75-deficient mice
do not support the hypothesis that
EphA7/ephrinA actively suppresses
branching, how do they fit with our alter-
native model? A recent study by Singh et
al. (2008) showed that p75 inhibits the
Trk signaling pathway, including the PI3
kinase pathway in peripheral axons. It is
possible that p75 activation does not re-
duce branching per se, but rather inhibits
BDNF/TrkB signaling. In this case, re-
moving EphA7 from the tectum would
disinhibit the branch-promoting eph-
rinA/TrkB interaction and would also re-
lieve the downstream inhibition of PI3 ki-
nase from EphA7/ephrinA/p75 signaling.
This would lead to dramatic guidance er-
rors to anterior tectum/SC, as seen in the
EphA7 knock-out mouse (Rashid et al.,
2005). In contrast, removing p75 from
RGC axons would relieve inhibition of
signaling downstream of BDNF/TrkB but
would not disinhibit the ephrinA/TrkB
interaction. This might be expected to

lead to less severe guidance errors. One
way to test between the two models dis-
cussed here (Fig. 1) would be to overex-
press p75 in nasal RGCs and treat them
with EphA7 in the absence of BDNF. If
EphA7/ephrinA/p75 actively suppresses
branching, there should be fewer
branches per axon for cells overexpressing
p75 compared with controls, in the pres-
ence of EphA7. On the other hand, if
EphA7/ephrinA/p75 merely inhibits
BDNF/TrkB signaling once activated,
then there should be no difference be-
tween these two groups.

Although much still needs to be done
to fully understand the mechanisms of
retinotopic mapping, the results by Mar-
ler et al. (2008) offer important insights
into complex interactions between differ-
ent guidance cues and bidirectional sig-
naling of EphAs/ephrinAs by providing
the first evidence that EphA/ephrinA in-
teracts with BDNF/TrkB signaling to reg-
ulate axon branching in the retinotectal
system.
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