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Parkinson’s disease (PD) is one of the most common neurode-
generative diseases. Genetic factors are involved in <10% of PD
cases, while the majority of PD cases have no identifiable genetic
factors. All these studies have revealed the heterogeneity
of Parkinson’s disease both in pathogenesis and etiology [1, 2].
In the past decade, many well-designed longitudinal studies have
clearly elucidated that environmental or behavioral factors can
modify the risk of developing Parkinson’s disease and alter the
pathological process of PD [2]. Moreover, many factors that were
found to be associated with an altered risk of PD in epidemio-
logical studies have been confirmed to be neuroprotective or
neurotoxic to dopaminergic (DA) neurons in experimental animal
models of PD.

The progress in the etiologic study of PD provides novel
insights to explore the molecular mechanisms of PD pathology.
In addition to the importance of alpha-synuclein (a-syn),
mitochondrial dysfunction, autophagy activities in DA neuronal
death, neuroinflammation-mediated damage, alterations in
networking and the circuits of basal ganglia, and changes in
non-dopaminergic systems have all been shown to contribute to
either the pathological process or clinical symptoms of PD [3-5].
Although mechanistic studies have made some important
discoveries, there is still no cure for PD. However, breaking
through a therapeutic approach that can modify disease
progression is very limited to pilot clinical studies or animal
experiments [6, 7]. In this context, dopamine replacement
remains the gold standard to relieve motor symptoms [6]. In the
past few years, a non-dopaminergic drug that targets the
adenosine A2A receptor has been approved as an adjunct
therapy for PD [8, 9]. Given the advance in PD research, we thus
edited this special issue in which we invited a number of
contributors to provide wide spectral coverage on the progress
in PD studies.

Neurotoxin-induced animal models have been widely used for
PD pathological study and drug development [10, 11]. Although
acute neurotoxin administration can induce selective death of DA
neurons, which mimics the pathology of PD, those animal models,
however, fail to reproduce the progressive nature of the disease.
In recent years, a variety of genetic models based on PD risk genes
have also been developed and used for mechanistic studies
[12, 13]. In this special issue, Dr. Zhen's group employed DAT
promoter-mediated Cre transgenic mice to establish tamoxifen-
inducible Dicer conditioned knockout (cKO) mice and found that
upon tamoxifen administration, Dicer cKO mice manifested a
progressive loss of DA neurons in the substantia nigra (SN). Robust
loss of DA neurons was observed at week 6 following tamoxifen
induction. They reported the detailed pathological development,
including neuroinflammation alone with the deletion of Dicer.
Importantly, the PD-like phenotypes in motor functions also
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developed progressively, which was consistent with pathological
development. This study also validated the value of Dicer cKO
mice for PD drug research by employing various known drugs that
have been shown to produce antiparkinsonian efficacy. The results
showed that the Dicer cKO mice nicely mimicked the progressive
process of PD and could be a useful model to investigate
the pathological development of PD and intervention-mediated
changes [14].

The identification and validation of new targets that can modify
the disease process aresome of the main focuses in PD research.
Angiogenin is a ribonuclease with both nuclear and cytosolic
activities. Multipharmacological effects of angiogenin have been
reported. In addition to stimulation of endothelial cell prolifera-
tion, angiogenin increases ribosomal RNA (rRNA) transcription in
the nucleus. In the cytosol, angiogenin cleaves noncoding RNAs,
including transfer RNAs (tRNAs). Cleavage of tRNAs by angiogenin
generates fragments termed stress-induced tRNA fragments or
tiRNAs, which have been shown to inhibit ribosome assembly,
protein translation, and apoptosis [15]. Alterations in angiogenin
have been linked to neurodegenerative diseases, including PD
[16]. Dr. Prehan summarized the functional roles and therapeutic
potential of angiogenin in PD and further discussed that tRFs
generated by angiogenin and other ribonucleases may deliver
novel diagnostic or prognostic tools for neurodegenerative
disorders [17].

The debilitating motor symptoms of PD are largely caused by
decreased levels of dopamine in the basal ganglia. Over the last
decades, neurophysiological and anatomical studies in patients
and animal models of PD have identified a series of functional and
structural changes following the loss of dopamine in the basal
ganglia and related brain regions. These studies suggest that PD is
a complicated neural network disorder in which abnormal intrinsic
excitability and synaptic properties of neurons in the basal ganglia
result in pathological oscillations (particularly the b-band between
13 and 30 Hz) in the cortico-basal ganglia networks [18, 19]. The
pathological rate and rhythmic pattern of neuronal activity in the
cortico-basal ganglia network dramatically impair normal network
function in the planning and execution of movements, thus
leading to motor symptoms of PD. Dr. Chu reviewed the latest
advances in our understanding of molecular, cellular, and network
mechanisms that underlie pathological plasticity activity of the
basal ganglia in parkinsonism. Mechanistic understanding of
basal ganglia pathology in the parkinsonian state will help us to
design novel symptomatic or disease-modifying strategies for PD
treatment [20].

The striatum is a critical nucleus in the cortico-basal ganglia
circuit and contributes to normal movement control and motor
learning. The cellular and synaptic activities of striatal projection
neurons are under tight control of both dopaminergic and
cholinergic neuromodulation. The cholinergic interneurons (Chls)
in the striatum provide the majority of cholinergic input striatal
projection neurons [21, 22]. Striatal Chls and their corresponding
receptors are emerging as new promising therapeutic targets for
PD. Dr. Liu has reviewed the recent exciting new development in
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striatal movement control by emphasizing the roles of the
cholinergic system [23].

In addition to motor abnormalities, nonmotor symptoms are
increasingly recognized in PD both in pathological development
and treatment. Previous studies have shown that some nonmotor
symptoms, such as depression and anxiety, could occur much
earlier than motor impairments in PD patients [24]. Dr. Wadding-
ton has updated the recent development in biological mechan-
isms of psychotic symptoms in PD and analyzed the
pathobiological challenges vis-a-vis the schizophrenia spectrum
and other psychoses [25].

Neuroprotection is one of the approaches to treat PD and other
neurodegenerative diseases. Numerous agents, including some
antipsychotic drugs, have been shown to protect DA neurons in
experimental studies. Atypical antipsychotic drugs such as clozapine
have been shown to exert neuroprotection, including of DA
neurons. Neuroprotection has been recognized as a part of the
mechanism for the antipsychotic effects of drugs. It was believed
that those antipsychotic drugs inhibited glycogen synthase kinase-
33 (GSK-3p) activity by promoting the Ser9 phosphorylation of GSK-
3B and stimulated the production of brain-derived neurotrophic
factor, which may underlie neuroprotection and neurogenesis [26].
In addition, modulation of microglial activation is also suggested to
be an important pathway for neuroprotection of clozapine [27].
Interestingly, Dr. Liang's laboratory reported that olanzapine
protected DA neurons against neurotoxicity induced by rotenone
via activation of AMPK and its regulation of autophagy [28]. This
finding provides a novel mechanism for the neuroprotection
mediated by atypical antipsychotic drugs.

Natural products from traditional Chinese medicine or herbs are
an enriched source of neuroprotective agents that have been
found to prevent dopaminergic loss in various experimental PD
animal models [29]. For instance, Dr. Du’s group reported that
ganoderic acid A, a triterpene found in ganoderma mushrooms,
protected dopaminergic neurons from excessive nitric oxide
damage, probably via modulation of B-adrenergic receptors [30].

Ginsenoside Rg1 extracted from the Panax ginseng C.A. Meyer
has been reported to exert many pharmacological -effects,
including neuroprotection and anti-neuroinflammation, in PD.
Dr. Chen's group reported that Rg1-regulated neuroinflammation
may be associated with the inhibition of M1 polarization in
microglial cells [31].

Dopamine replacement therapy remains the major drug
treatment for motor symptoms in PD. In addition to levo-DOPA
treatment, numerous efforts have been made to develop DA
receptor subtype selective ligands. Recently, some progress was
made in developing multifunctional drugs, such as drugs that can
modulate both dopaminergic function and cortical glutamate
functions, e.g., drugs acting as dual D2/5-HT1A receptor agonists
and D2/D3 agonists with antioxidant or iron-chelating activities
[8, 9, 32, 33]. Dr. Ye has updated the current progress in
antiparkinsonian drugs [34].

Another pathological hallmark of PD is the formation of Lewy
bodies (LBs), which contain misfolded and aggregated a-syn. As
the Lewy body appears at an early stage of PD, detection of a-syn
aggregation would be suitable for early diagnosis in the
prodromal period of PD. The development of a-syn imaging
probes will therefore not only be important for early diagnosis but
may also provide early intervention opportunities for PD [35].
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