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ABSTRACT

Axonal transport is essential for the development, function, and survival
of neurons, and impaired axonal transport has been implicated in many
neurodegenerative diseases, including Alzheimer’s disease and Parkinson’s
disease. To date, however, how axonal transport is regulated, and how defective
transport leads to neurodegeneration, remain largely unknown. This study by
Sato et al. shows that the loss of both JSAP1 and JLP in the cerebellar Purkinje
cells (PCs) of mice causes axonal dystrophy followed by gradual, progressive
PC degeneration. This study also suggests that JSAP1 and JLP regulate kinesin-
1-dependent axonal transport in the brain with functional redundancy, which
prevents axonal degeneration and subsequent neuronal death. There is
increasing evidence that in neurodegenerative diseases, axonal degeneration
precedes neuronal cell death. Thus, elucidating the mechanisms of axonal
degeneration may provide promising targets for therapeutic intervention.
The JSAP1-null, JLP-null mouse generated in this study may provide a useful
animal model for studying the molecular basis of axonal degeneration in
neurodegenerative diseases, and for developing therapeutic drugs for these
diseases.

Commentary

Most neurons have three parts: an axon, a cell body or soma,
and dendrites. The axon is usually the longest process of a neuron,
and an efficient transport system is required to deliver cargoes
such as organelles and proteins along its length. Axonal transport
is a complex and highly regulated process that is essential for
neuronal development, function, and survival, and defective axonal
transport has been implicated in many neurodegenerative diseases,
including Alzheimer’s disease and Parkinson’s disease'?. A mutation
in KIF1B, a kinesin-family motor protein, has been reported in
patients with Charcot-Marie-Tooth disease type 2A, a progressive
neurodegenerative disorder, and specific axonal-transport defects
in synaptic-vesicle precursors are observed in the sciatic nerve in
heterozygous KiflB-knockout (KO) mice®. Falzone et al.* showed
that deleting the kinesin-1 subunit KLC1 in mice induces early
selective axonal-transport defects, which lead to axonopathies with
cytoskeletal disorganization and abnormal cargo accumulation. In
addition, impaired axonal transport has been observed in neurons
from various animal models for neurodegenerative disorders such as
amyotrophic lateral sclerosis, Alzheimer’s disease, and Parkinson’s
disease>¢. However, the mechanisms that regulate axonal transport,
and how defective transport leads to neurodegeneration, remain
largely unknown. The authors generated mice with genetic Jsap1
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or Jlp ablations for this study’, and these mice might
serve as a useful animal model for studying the molecular
mechanisms of neurodegenerative disorders.

JSAP1 (also known as JIP3 or Sunday Driver 2) and JLP
(also known as SPAGY, JIP4, or Sunday Driver 1) were first
identified as scaffold proteins for specific JNK and p38
MAP kinase intracellular signaling modules®!*. As implied
by these many alternate names, these proteins were
identified and characterized independently by multiple
research groups. Gene KO studies of Jsap1 and JIp report
very different phenotypes in mice: Jsapl-KO mice die
shortly after birth, most likely due to neural defects!>',
while JIp-KO mice are viable, grow normally, have a light
coat color and pale skin, and exhibit male subfertility!,
Therefore, it has not been asked until recently whether
JSAP1 and JLP have redundant functions. This study by Sato
et al. demonstrated that J[SAP1 and JLP have overlapping
functions in the cerebellar Purkinje cells (PCs) of mice. The
functional redundancy of JSAP1 and JLP is not likely to be
restricted to PCs. In fact, the same research group reported
that mice with dorsal-telencephalon-specific double Jsap1
and JIp deletions, but not those with a single deletion, show
neurodegeneration in the postnatal developing brain, have
retarded growth, and die before reaching adulthood?.
Thus, JSAP1 and JLP may play critical and overlapping roles
in neurons throughout the brain.

Inthis study, Sato etal. generated mice with a PC-targeted
conditional deletion of Jsap1, JIp, or both using loxP-flanked
alleles of these genes in combination with the L7/Pcp2-
Cre transgene, and used these mice to examine the role of
JSAP1 and JLP in PCs. Histological analysis of 24-week-old
mice revealed the specific loss of PCs and the presence of
swollen PC axons in mice with a conditional double KO
(cDKO) of Jsap1 and JIp (Jsap1:]Jlp cDKO), but not in control
mice or those with a single Jsap1 or JIp cKO. The authors
found that the PC counts were comparable in control and
Jsap1:Jlp cDKO mice at 8 weeks of age; however, after this
age, the PC counts decreased in cDKO mice compared
to control mice (at all ages examined, up to 40-weeks
old). This neuronal loss worsened in the cDKO mice with
increasing age. Furthermore, many PC axons were dilated
near the PC bodies in cDKO mice at all ages examined,
including 8 weeks of age. In addition, hypertrophic PC
axons were found in the deep cerebellar nuclei (DCN) of
Jsap1:Jlp cDKO mice at 8-40 weeks of age, and the number
of PC axons in the DCN was noticeably decreased at 16 and
24 weeks of age. Together, the data show that the loss of
JSAP1 and JLP in PCs causes axonal dystrophy followed by
gradual, progressive PC degeneration.

JSAP1 and JLP are known to interact with components
of kinesin-1, specifically the kinesin heavy chain and light
chain?"%, and in vitro studies suggested that these proteins
act as adaptor proteins linking kinesin-1 to cargoes and as

positive regulators of kinesin-1 activity and motility*-25,
Axonal dystrophy is thought to reflect defective axonal
transport; thus, the swollen axons in JSAP1- and JLP-null
PCs were likely to be caused by the blockage of kinesin-1-
dependent axonal transport in the PCs. Indeed, kinesin-1
cargoes selectively accumulated in the swollen axons of the
c¢DKO mice, which is consistent with an in vitro study using
Jsap1- and Jlp-deficient primary cultured hippocampal
neurons®. This previous in vitro study further suggested
that]JSAP1 and JLP are critical regulators of axonal transport.
Altogether, Sato et al's in vivo study suggests that JSAP1
and JLP regulate kinesin-1-dependent axonal transport in
the brain with functional redundancy, thereby preventing
axonal degeneration and subsequent neuronal death.

Many neurodegenerative diseases are characterized
by slow, progressive neuronal dysfunction and neuron
loss. This similarity in pathological features may indicate
the existence of common neurodegenerative mechanisms,
although distinct neurons are selectively vulnerable to
neurodegeneration in these diseases. There is increasing
evidence that axonal degeneration, of which impaired
axonal transport is an essential cause, precedes neuronal
cell death in these diseases>®?. Therefore, elucidating the
mechanisms of axonal degeneration is likely to provide
promising targets for therapeutic intervention. Further
studies in this area are needed, because current therapies
for neurodegenerative diseases generally target non-
specific mechanisms and can only relieve symptoms.
The JSAP1-null, JLP-null mice generated and analyzed in
this study may be a useful animal model for studying the
molecular basis of the axonal degeneration accompanying
many neurodegenerative diseases, and for developing
therapeutic drugs for these diseases.
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