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Axon guidance pathway is one of the
critical processes related to connectivity

and repair of the wiring of the brain during
the central nervous system development and
throughout the lifetime in humans. Indeed,
many axon guidance molecules have been
shown to persist in the central nervous system
having roles in not only precise neuronal
network formation during development but
also maintenance and plasticity of neural
circuits.1

In 1997, Livesey et al.2 reported that
genetic variability in the axon guidance path-
way was a possible factor contributing to the
development of one of the major neuro-
degenerative disorders, Parkinson’s disease
(PD), in Caucasians. In 2005, genome-wide
association study by Maraganore et al.3

revealed variants (single-nucleotide poly-
morphisms (SNPs)) in the axon guidance
pathway genes related to PD susceptibility.
The five mapped axon guidance pathway
genes—deleted in colorectal carcinoma (DCC),
ephrin receptor B1 (EPHB1), netrin-G1
(NTNG1), semaphorin 5A (SEMA5A) and
SLIT3—were found to have SNPs associated
with the prediction of PD outcomes (suscept-
ibility, survival free of PD and age at onset of
PD).3,4 Especially, SEMA5A had significant
association with PD, suggesting a possible
role for axon guidance in the pathogenesis
of PD, such as early neurodegeneration in
the subclinical period and possibly even
during brain development (the miswiring
hypothesis).3,4

Functionally, the axon guidance pathway
consists of four major classes of ligands
(ephrin, netrin, semaphorin and slit pro-

teins), their respective receptors (for example,
eph, DCC and unc, neuropilin and plexin
and robo proteins) and several downstream
signaling proteins.4 DCC-deficient adult mice
showed altered dopamine transmission and
locomotor activity accompanied by reduced
dendritic spine density in the cerebral cortex.5

These findings show that DCC is a crucial
molecule in the development of dopamine
circuitry, and alterations in DCC levels can
lead to cognitive and behavioral abnormal-
ities in adulthood.4,5 In EPHB1-knockout
mice, there is a significant cell loss in the
substance nigra pars reticulata, but there is no
obvious change in the number of dopamine
neurons in the substance nigra pars com-
pacta.6 Differential expression of NTNG1
could alter dopaminergic and glutamatergic
circuitry.4 SEMA5A could be involved in
increasing the risk of PD by causing synaptic
activity dysfunction and inflammation.4 Con-
cerning SLIT3, Slit3/robo pathway is thought
to initiate and accelerate the processes or
progression of PD.4 Thus, several axon gui-
dance pathway genes and proteins have been
considered as important molecules for dopa-
mine axonal maintenance, regeneration and
target recognition.

However, some subsequent studies, includ-
ing analyses on other genes, showed that
the axon guidance pathway genes had no
association or very weak association with PD.
Although one replication study did not repli-
cate the data, two other replication studies
performed pathway-based analyses of three
genome-wide association data sets of PD and
concluded that axon guidance was signifi-
cantly associated with PD susceptibility.7,8

The discrepancy complicated our under-
standings of the role of the axon guidance
pathway in PD. Although disease associations
for single SNPs having small effects are diffi-
cult to replicate, the findings of the axon

guidance pathway genes and the ‘common
disease-multiple rare variants’ hypothesis
suggest that the combined effects of variants
within functionally related genes in certain
pathways could have significant or larger
effects.

In this issue, Kim et al.9 investigated
whether the genetic variability in the axon
guidance pathway is a susceptibility factor in
PD patients in the Korean population. To my
knowledge, this is the first report from an
Asian population about variants in the axon
guidance pathway genes in PD. A set of 22
SNPs was analyzed in 373 patients and 384
healthy controls, and the risk of PD was
evaluated using odds ratios in unconditional
and conditional logistic regression models
in age- and gender-matched subsets. Among
the axon guidance pathway genes, DCC
rs17468382 and EPHB1 rs2030737 SNPs
were found to be significantly associated
with increased PD risk, and the CHP
rs6492998 and RRAS2 rs2970332 SNPs
were found to be significantly associated
with reduced PD risk. They found no asso-
ciation of SEMA5A, which was thought to
have a role in the development of dopami-
nergic neurons and to interact with other
proteins in the axon guidance pathway, with
PD. Subsequent multidimensionality reduc-
tion analysis to explore potential gene–gene
interactions showed that there were no sig-
nificant interactions among the above-men-
tioned SNPs.

Although two recent large genome-wide
association study studies in Japanese and
Europeans have not reported the involvement
of the axon guidance pathway genes in
PD,10,11 the study in the Korean population
provides new data suggesting that these genes
were susceptibility factors in PD patients; this
made us reconsider the role of the axon
guidance pathway in the pathogenesis of
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PD. Although no significant interactions
among their SNPs in the axon guidance path-
way genes were observed, investigations on
interactions among other common and rare
variants in the key genes of PD, such as
a-synuclein and LRRK2, could be interesting.
Thus, larger studies on candidate genes and
SNPs or further genome-wide association
study data analyses in various populations
are warranted. Even if each variant has only
a weak role, together added-up roles of many
variants and gene–gene interaction of many
genes in some common pathways could have
a greater impact on the pathogenesis of
multifactorial diseases such as PD.

Moreover, several lines of recent evidence
support the challenging hypothesis that aber-
rant expression or function of axon guidance
proteins such as semaphorins, ephrins,
netrins and slits, which are normally involved
in sculpting and maintaining motor neuron
circuits, may induce pathological changes in
the motor neuron circuitry and contribute to
the pathogenic mechanism involved in the
development of amyotrophic lateral sclero-
sis.12 Furthermore, SNP models for PD were
subsequently refined and compared with
those of the axon guidance pathway that
were highly predictive of amyotrophic lateral
sclerosis susceptibility.13

Therefore, the axon guidance pathway
SNP models could be therapeutic targets
(for example, axon-regeneration therapy)
for neurodegenerative disorders such as PD
and amyotrophic lateral sclerosis. The geno-
mic pathway approach might lead to new
breakthroughs in the multiple disease
pathways for many common, complex or
overlapping disorders.

Thus, the role of axon guidance pathway
should be further elucidated in common
pathways for the development of PD and
other neurodegenerative disorders.
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