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Summary

Dagda et a. showed in thisissue that cytosolic PINK1 released from the mitochondrion promotes
dendritic outgrowth. This neurite-promoting activity of PINK1 is associated with the kinase
activities of protein kinase A and isimpaired by a pathogenic mutation in PINK 1. The study by
Dagda et a. has unravelled a novel mechanism underlying neurodegeneration caused by PINK 1
mutation.

The etiology of Parkinson’s disease (PD) is multifactorial, and the pathogenic pathways
involved are complex. Mitochondrial dysfunction has been linked to PD by the discovery of
parkinsonism in patients who mistakenly took synthetic meperidine contaminated with the
selective mitochondrial toxicant 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP)
(Langston et al., 1983). The subsequent discovery of PD-linked gene mutations further
fueled the long-standing interest in the role of mitochondriain PD. Among these PD-linked
genes, identification of mutations in the PTEN-induced putative kinase 1 (pink1) provided
the first genetic evidence to support the involvement of mitochondrial dysfunction in PD.
PINK1 has a mitochondrion-targeting signal at its N-terminus, and mutations in the pinkl
gene have been found in autosomal recessive PD (Vaente et a., 2004). Since these
discoveries were made, the vital roles of PINK1 in mitochondrial dynamics, mitochondrial
function, and mitophagy have been extensively studied. Whereas PINK 1 is mainly localized
to mitochondria, afraction of the protein isfound in the cytosol (Meissner et al., 2011).
After PINK1 isimported to mitochondria, it is cleaved by the mitochondrial intra-membrane
protease presenilin-associated rhomboid-like protein (PARL), to release most of the cleaved
PINK 1 into the cytosol (Meissner et al., 2011). However, under pathological conditions
where mitochondrial membrane potential is disrupted, PINK 1 remains uncleaved in the
mitochondria (Lin and Kang, 2008). Despite the two pools of PINK 1, the cytosolic form has
been less examined than its mitochondrial counterpart. In thisissue of Journal of
Neurochemistry, Dagda and colleagues provide substantial evidence that cytosolic rather
than mitochondrial PINK 1 promotes dendritic outgrowth (Dagda et al., 2013).

The authors first examined the effects of cleaved and uncleaved PINK1 on neurite
outgrowth in both immortalized cells and primary neurons. In human SH-SY5Y cellsand
mouse cortical neurons, overexpression of full-length PINK 1 caused morphological changes
resembling dendritic outgrowth, and this morphological change required PINK 1 kinase
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activity. Upon closer examination, these cells expressed higher levels of dendritic and
postsynaptic markers. To tease out whether these changes were induced by mitochondrial or
cytosolic PINK1, they generated PINK 1 with an outer mitochondrial membrane-targeting
seguence (OMM) in the N-terminus (OMM-PINK 1) and another without OMM (AN111-
PINK1) that remained in the cytosolic compartment. Full-length PINK 1 exhibits both
cytosolic and mitochondrial localization. They observed that full-length and cytosolic

PINK 1, but not mitochondrial PINK 1, promoted dendritic outgrowth. This outgrowth effect
was specific to dendrites, as axonal length did not change. It would be informative to
determine if cytosolic PINK 1 also affects axonal terminals, which were not quantified in this
study. In contrast to the effects of PINK 1 overexpression, PINK 1 deficiency reduced the
dendritic length of primary neuronsisolated from PINK1-knockout mice. They next
examined the effects of cytosolic PINK1 on mitochondrial mobility. Cytosolic but not
mitochondrial PINK 1 enhanced anterograde mitochondrion movement in dendrites,
resulting in increased mitochondrial density in the dendrites. The authors also observed that
cytosolic PINK1 prevented SH-SY5Y cells from PINK 1 knockdown-induced apoptosis, a
cell-protective effect previously reported in an MPTP mouse model (Haque et al., 2008).
Likeits mitochondrial partner, cytosolic PINK1 has neuroprotective effects. Based on their
evidence, Dagda et al. proposed a mechanism by which cytosolic PINK1 promotes dendritic
outgrowth. Because PINK 1 knockdown selectively blocked neuronal differentiation in
CAMP-treated SH-SY5Y cells but not in those treated with retinoic acid (a commonly used
compound to differentiate this cell type), the authors reasoned that protein kinase A (PKA)
isinvolved in PINK1’s dendritic outgrowth effect. Their hypothesisis verified by the
observation that both PKA activity and nuclear phosphorylated cAMP response element-
binding protein (CREB) levels were reduced in PINK 1-knockdown cells. Furthermore,
PINK1 lost its ability to promote dendritic outgrowth after PKA activity was blocked.
Interestingly, Chang and Blackstone reported that activating cAM P-dependent PKA leadsto
the phosphorylation of dynamin-related protein 1 (Drpl), akey regulator of mitochondrial
fission (Chang and Blackstone, 2007). Phosphorylated Drpl loses its GTPase activity and
thus its ability to promote mitochondrial fission. Inhibiting Drpl activity has been shown to
block cytochrome C release and apoptosis and promote the exchange of mitochondrial
contents between functional and defective mitochondria, which attenuates their negative
impact. PINK 1 prevents Drpl translocation from the cytosol to the mitochondria (Zhao et
al., 2013), inhibiting Drpl-promoted mitochondrial fission. Taken together, the evidence
indicates that cytosolic PINK 1 promotes dendritic outgrowth and contributes to
mitochondrial fusion in mammalian cells, likely through PKA.

The study by Dagda and colleagues highlights a novel role of cytosolic PINK1 that has not
yet received adequate attention as compared to mitochondrial PINK 1. It also raises some
important issues related to emerging concepts in PD research. One of theseis synaptic
dysfunction in PD. In recent years, synaptic dysfunction was found to be an early pathology
prior to neurodegeneration in different neurological disorders, including PD (Picconi et al.,
2012). Thus, restoring synaptic function at both pre- and post-synaptic sites has been
suggested as an early therapeutic strategy for PD. In genetic animal studies, PINK 1, parkin,
DJ-1, a-synuclein, and LRRK2 have all been reported to play rolesin striatal pre-synaptic
dopamine (DA) release. Relevant to Dagda’ s study, acute striatal slices prepared from

PINK 1-knockout mice exhibit impaired DA release (Kitada et al., 2007). Because striatal
DA modulates corticostriatal glutamatergic input at striatal medium spiny neurons, a
reduction in striatal DA levelsresults in reduced activation of post-synaptic D1 and D2
receptors, which in turn impairs long-term potentiation and long-term depression in these
animals. Precisely how aloss of PINK1 function would lead to DA release deficits is not
completely understood. Mitochondrial function islikely implicated in impaired DA release.
Since the first ultrastructural analysis of synapses half a century ago, it is now clear that
mitochondria are enriched in the synapses and play a critical role in pre-synaptic functions
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(Hollenbeck, 2005). For example, they regulate cytosolic Ca?* levels during
neurotransmission and supply energy to synaptic terminals to maintain synaptic membrane
potential, ionic gradient restoration following synaptic transmission, and the reloading of
synaptic vesicles with neurotransmitters. The correlation between PINK 1, mitochondrial
function, and synaptic function is another important research topic inspired by Dagda's
study.

In summary, combined with evidence from other reports, the study by Dagda et a. hasa
significant implication regarding the effects of PINK 1 on synaptic function. PINK1 is
crucial to pre-synaptic DA release because it maintains mitochondrial function, morphology,
and integrity. At postsynaptic sites, cytosolic PINK 1 maintains dendritic mitochondrial
density and promotes dendritic outgrowth. By improving synaptic function at both pre- and
post-synaptic levels, PINK1 ensures proper synaptic transmission and signaling. However,
additional studies are required to validate these novelsroles of PINK1. For example, Dagda
et al. performed their study in cultured cells. It isimportant to extend their findingsto anin
vivo model. Perhaps by using virus-mediated gene delivery, additional insights will be
gained into how mitochondrial and cytosolic PINK1 modulate pre- and post-synaptic
activitiesin the nigrostriatal pathway of an intact model system. In addition, Dagda et al.
demonstrated that cytosolic PINK 1 enhanced the anterograde transport of mitochondriain
the dendrites of cultured mammalian cells (Dagda et al., 2013); however, an opposite effect
of PINK1 on mitochondrial mobility was observed in Drosophilalarval motor neurons (Liu
et a., 2012). Overexpression of Drosophila PINK 1 inhibits both the antero- and retrograde
transport of mitochondriain motor neuron axons (Liu et a., 2012). Because the effect of
PINK1 on axonal mitochondrion transport was not examined or compared with the
observationsin dendrites (Dagdaet a., 2013), it is not known whether PINK 1 (or cytosolic
PINK 1 alone) has differentia effects on mitochondrial mobility in axons and dendritesin
mammalian neurons under physiological conditions. These interesting questions need to be
resolved with future studies.
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Figure. PINK 1 promotes synaptic activity

Under normal conditions, PINK1 is present both in the mitochondria and the cytosol. Full-
length PINK 1 is cleaved by presenilin-associated rhomboid-like protein (PARL) and
released to the cytosol. The results by Dagda et a. (2013) indicate that it is cytosolic rather
than mitochondrial PINK 1 that promotes anterograde mitochondrial transport in dendrites,
leading to increased dendritic mitochondrial density and dendritic outgrowth. Under
pathological conditions, PINK 1 remains uncleaved and neuronal differentiation is blocked.
At the axonal terminals, aloss of PINK1 function has been reported by other studies to
impair pre-synaptic dopamine (DA) release. It is possible that PINK 1 maintains presynaptic
release of neurotransmitters by maintaining proper mitochondrial function to meet much
needed energy demand by synaptic terminals for various homeostasis functions. Together,
PINK 1 appearsto play an important role in synaptic function at both pre- and post-synaptic
levels.
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