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Research in recent years challenged what
we once thought of as the canonical func-
tion of signaling proteins to reveal new
and surprising mechanisms of action.
Morphogens, like Wnts, BMPs, or SHHs,
long thought to be the factors that provide
positional information to specify cell fate
and proliferation have turned out to be
as important for synaptogenesis, axonal
growth, and guidance during both develop-
ment of the nervous system as well as dur-
ing post-injury axonal regeneration in the
adult. Establishment of axonal connections
can be subdivided into outgrowth, path-
finding — often over long distances — and
target recognition. Wnt and Shh receptor/
ligand systems form longitudinal gradients
along the entire developing spinal cord,
thus making them ideal candidates to push
(in the case of Wnt) or pull (Shh) axons
along the anterior—posterior axis of the
spinal cord. They are potentially perfectly
situated players for the organization and
specification of corticospinal (CST) and
sensory axons (Lyuksyutova et al., 2003;
Bourikas etal.,2005; Liu et al., 2005; Keeble
etal.,2006; Wolf et al., 2008; Li et al., 2009)
as nicely summarized in this Frontiers in
Molecular Neuroscience Special Topic arti-
cle by Hollis and Zou (2012). In particular,
the Wnt—Ryk signaling axis first promotes
the outgrowth of CST axons then pushes
them posteriorly along a decreasing Wnt
gradient by repulsion during development.
The different effects are mediated by spe-
cific Wnt receptor and ligand combina-
tions (Li et al., 2009). This push effect may
be of relevance for spinal cord injuries in
adults, where axonal injury can sever the
trajectories of corticospinal tract and/or

the sensory input to the brain causing long-
term disability. Although improvement in
regeneration of ascending and descending
pathways occurs when myelin and other
inhibitors (including re-expressed axonal
growth repellents) are blocked (for review,
e.g.: Blesch and Tuszynski, 2002; Buchli
and Schwab, 2005; Filbin, 2006; Harel
and Strittmatter, 2006) the results are not
completely satisfactory. Could the develop-
mental functions of Wnt be reconstituted
in the adult to promote corticospinal axon
regeneration? Wnt receptor/ligand systems
including the Wnt-Ryk “pushing” pathway
are actually recapitulated after spinal cord
injury (Liu et al., 2008; Miyashita et al.,
2009). However, their upregulation does
not promote effective axonal regeneration
and the problem appears to be the scar
tissue.

One discrepancy between successful
axonal outgrowth and guidance during
development and failed axonal regeneration
in the adult seems to be a consequence of
the inability of the re-expressed Wnt ligands
and receptors to “push” the axons over or
around the scar tissue. In fact,ligand concen-
tration is highest around the injury, which
is in front of the regenerating, descending
axons,and not behind them as it is in devel-
opment (Liu et al., 2008). It fails to create
the potentially pro-regenerative wave push-
ingaxon growth from behind. Thus, the big
problem is still for axons to grow over or
through, or even circumnavigate the lesion
site. If they could manage it they would
have a nice high Wnt signal at their back
“again” and maybe propelled forward with-
out much further ado? In fact, blocking Ryk
receptors after spinal cord injury stopped
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FIGURE 1 | A simple model of how regenerating CST axon could be propelled down the posterior
spinal cord when sprouting axons would managed to cross the lesion.
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degeneration and promoted the sprouting
of corticospinal axon collaterals within the
injured spinal cord tissue but only up to the
scar tissue and not further (Liu et al., 2008).
External supply of Wnt3a, which attracts
CST axons promoted functional recovery
of the injured animals (Yin et al., 2008; Suh
etal., 2011). This might suggest that apply-
ing a block for Ryk or applying Wnt3a to
overcome repulsion with attraction would
be only needed for a very limited time at
the beginning of recovery phase but could
result in a more long-lasting benefit for
axonal regeneration (Figure 1).

However, the influence of Wnt3a on
axon regrowth might be secondary. Yin
et al. (2008) showed that even a single
injection of Wnt3 into the lesioned spi-
nal cord also directs spinal cord precursor
cells into neuronal rather than astrocytic
fate. Similarly, transplanted fibroblasts that
continuously secreted Wnt3a enhanced
not only axonal regeneration and func-
tional improvement after a spinal cord
injury, but also limited the inhibitory
glial environment (Suh et al., 2011). All
together, more neurons than astrocytes (in
short-term experiments; Yin et al., 2008)
as well as new oligodendrocytes were gen-
erated (in long-term experiments; Suh
et al., 2011). Thus, the re-shaping of the
inhibitory environment in both short and
long-term applications of Wnt3a could
be the primary reason for axonal regen-
eration. More experiments are needed to
decide whether short or long-term applica-
tions of Wnt3a may be more beneficial for
functional recovery also considering that
transplanting cells might cause very differ-
ent problems after regeneration.

Since many factors, including Wnts and
other ligands as well as other axon guidance
proteins and growth inhibitory factors are

upregulated in injured adult nervous tis-
sue and many inhibit axon regrowth over
the lesion site (Harel and Strittmatter,
2006; Fouad and Tse, 2008), the obstacle
to axonal regeneration is not completely
solved by adding growth promoting Wnts
or Ryk inhibitors. However, short-term or
long-term application of growth promot-
ing Wnts (e.g., Wnt3a) together with the re-
expression of Wnt repellents (e.g., Wnt5a)
may mimic development (Liu et al., 2008;
Yin et al., 2008; Miyashita et al., 2009; Suh
et al., 2011) and thus could potentially be
exploited to improve recovery.
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