The Kim Lab: Assessing the mechanism of neuropathology in Parkinson’s disease
and developing potential therapeutic applications

Parkinson’s disease (PD) is the most common neurodegenerative motor disease, affecting more
than 1% of the population above the age of 60 in the US. The disorder is primarily characterized by the
selective loss of dopaminergic neurons in the substantia nigra pars compacta (SNpc) in the midbrain
and formation of intraneuronal inclusions called "Lewy bodies" which contain alpha-synuclein as their
major protein component. The pathological mechanisms involved in neuropathology associated with PD is largely unknown,
however, the A53T mutation of alpha-synuclein causes Lewy body formation and is a well-known genetic PD model.

Current Research Projects in the Kim Lab: Assessing the mechanism of neuropathology in Parkinson’s
disease and developing novel therapeutics for the disease:

Parkinson’s disease is the most common neurodegenerative motor disease, affecting more than 1% of the population above
the age of 60 in the US. The disorder is primarily characterized by dopaminergic neuronal loss in the substantia nigra pars
compacta (SNpc) in the midbrain and the formation of intraneuronal inclusions called "Lewy bodies™ which contain alpha-
synuclein as their major protein component. The pathological mechanisms involved in neuropathology associated with PD
is largely unknown.

Project 1: Targeting senescent astrocytes/microglia for therapeutic intervention in PD pathology: In collaboration
with Dr. Julie Andersen at Buck Institute for aging research and HanSeok Ko at Johns Hopkins medicine, we have assessed
the roles of cellular senescence processes in Parkinson’s disease pathology. Using cellular senescence markers, such as p16,
p21, HMGBL1, Lamin B1, and SATB1, we found that external stress including alpha-synuclein preformed fibrils (PFF)
reduces the senescence markers such as Lamin B1 and HMGB1, but enhanced the level of cell-cycle arrester, p21 in in
vitro, ex vivo and mouse brains (Verma et al., Cells, 2021). Using Western blot and immunohistochemistry, we also found
that these cellular senescence markers within reactive astrocytes as indicated by enlarged cell bodies within GFAP-positive
cells and Ibal-activated microglia were responsive in a-syn PFF injected mouse brains. These results indicate that PFF-
induced pathology could lead to astrocyte and/or microglia senescence in PD brains, which may contribute to
neuropathology in this model (Verma et al., 2021). Targeting senescent cells using senolytics could therefore constitute a
viable therapeutic option for the treatment of PD. As a follow-up study, we test a hypothesis that the senescence processes
result in the failure of maintaining the homeostasis in dopamine neurons or surrounding astrocytes/microglia, which is
associated with PD pathology. With measuring the levels of senescence markers in the PD-related regions including the
striatum and Substantia nigra from PFF-injected PD mouse model or human PD brains, we will determine the effects of
cellular senescence in inducing dopaminergic neuronal loss and PD pathology and verify the validity of using senolytics in
halting PD pathology. This study will allow us to understand the senescence aspects of neuropathology of PD, which may
reveal potentially new therapeutic targets using senolytics for preventing neurodegeneration including PD. Currently we are
testing senolytics in the PFF-injected PD mice and further developing a nanoparticle for a potential therapeutic application
with a senolytic and ROS scavengers to target senescent and/or reactive damaged astrocytes (or microglia) in PD models.
Project 2: Oxidative stress increases the levels of deSUMOylation in PD related proteins for inducing PD pathology:
Our preliminary data demonstrated that MPTP-induced toxicity reduces the SUMO conjugation from a-synuclein in the
striatum. Then, we have been intrigued to assess the mechanisms of deSUMOylation by MPTP (MPP+)-mediated oxidative
stress in PD pathology. Using collected mouse striatum and brainstem samples after MPTP- or PFF-treatment, we measured
the levels of SUMO proteases (SENPs) conjugated to a-synuclein. This approach has provided insight into the role of
SUMOylation in protecting dopaminergic neurons from oxidative insults and verified a potential mechanism, underlying
this neuroprotection. There are at least 6 isoforms of SENPs that have been identified in mammalian cells and SUMO1 was
detected in the halo of Lewy bodies (Kim et al., 2011). However, the level of deSUMOylation has never been reported in
the PD brains, thus we turned our efforts to determine if the levels of SENPs are higher in the striatum and brainstem from
human PD tissues than those in age-matched normal brains. We found that the level of SENP1 in human PD patient brains
was higher than that in age-matched controls (a manuscript in prep). Thus, we set up a hypothesis that SENP1 level and/or
activity is stimulated by oxidative stress, which is a part of pathological mechanisms of PD. Our preliminary results
demonstrated that MPTP- and PFF-induced oxidative stress removes SUMOL1 from a-synuclein in mouse striatum and
midbrain, while Ubc9 overexpression-mediated SUMOylation protects the dopaminergic neurons in the striatum and
Substantia Nigra against the toxicities (Verma et al., eNeuro, 2020). Therefore, we are investigating whether SENP1
inhibitions (Momordin or S2A) protect dopaminergic neurons in the striatum and SNc in PFF-injected mouse model. We
also expect to see that higher levels of SENP1 in the Lewy bodies than those in normal brainstem tissues. This approach
will help us determine if stimulating SENP1 is related to induce the PD pathology in the human and mouse brains, and
blocking SUMO1 removal by SENP1 inhibition can be a novel therapeutic target in PD pathology. Therefore, this approach
will help identify how deSUMOylation could be targeted for potentially preventing or slowing pathological progress.




Project 3: Assessing regulatory roles of SUMOylation in DAT, alpha-synuclein, and LRRK2 in Parkinson’s disease
pathology: Post-translational modification (PTM) has been addressed as a key regulatory mechanism for modulating
protein aggregation/degradation in neurodegeneration. However, a form of PTM, Small Ubiquitin-like Modifier (SUMO)
has not been well characterized in Parkinson’s disease pathology. Although SUMOylation may increase the solubility of
alpha-synuclein, SUMOylated proteins including a-synuclein have been detected in the halo of Lewy bodies. Thus, it is still
unclear in understanding the role of SUMOylation in dopaminergic neurons. In the lab, we have been assessing the role of
SUMO conjugase, Ubc9 as a critical post-translational modifier to regulate the solubility, stability, and function of dopamine
transporter (DAT, published in 2019), a-synuclein (published at eNeuro in 2020), and LRRK2 in dopaminergic neurons
in vitro and in vivo. The objectives of the work are to elucidate the mechanisms of SUMOylation in preventing a-synuclein
mediated protein aggregation and regulating LRRK2 kinase activity in dopaminergic neurons. This implies that
pathological changes in the SUMOylation of a-synuclein and LRRK2 may lead to alteration in acute regulation of protein
(mis)folding or aggregation, which is related to the neuropathology of PD. Moreover, Ubc9-mediated SUMOylation
increases the surface level of DAT in plasma membrane and further its action enhances DAT functional expression in the
plasma membrane, triggering an increase in dopamine uptake capacity (Cartier et al., Frontiers Cell Neurosci, 2019). In the
MPTP-lesioned mice, the chronic treatment substantially reduces the level of SUMOL conjugated to a-synuclein in the
mouse striatum. This suggests that pathological changes in the SUMOylation of a-synuclein result in significant alteration
in protein (mis)folding or aggregation. Lately, we have injected the preformed fibrils (PFF) of a-synuclein in the striatum
to induce protein aggregation and dopaminergic neuronal loss as a better mouse model and identified that SUMOylated o-
synuclein is refractory to lysosomal degradation. However, the aberrant degradation was not detrimental due to the increased
solubility. We also found that the overexpression of Ubc9 protects rat dopaminergic N27 cells against MPP+ induced
oxidative stress and PFF injection, via reduced ROS generation and protein aggregation (Verma et al., eNeuro, 2020).
Therefore, SUMOylation of a-synuclein can be a potential therapeutic target for Parkinson’s disease. Currently we focus
on assessing the role of SUMOylation on LRRK2 and the mechanisms of aberrant protein degradation by
SUMOQylation on a-synuclein.

Project 4: Developing neuroprotective compounds as potential therapeutics in Parkinson’s disease mouse models:
Most available PD drugs are designed to alleviate the PD motor symptoms, however, they cause side-effects after long-term
use. Thus, we focus on identifying potential neuroprotective/recovery compounds to halt or slow the neuropathology, in
addition to alleviate motor- and non-motor symptoms. In collaboration with AurimMed Pharma (Park City, Utah) and
AptaBio Therapeutics (Kiheung, Korea), we focus on identifying novel small compounds to develop potential therapeutic
drugs in Parkinson’s disease. After our initial in vitro screening using cell viability (MTT) or cytotoxicity (LDH) assays,
we narrowed a few target compounds for assessing neuro-recovery effects in PFF-induced, alpha-synuclein A53T mutant
or Thyl-WT-a-syn (Line61) overexpressing mouse models. Our recent mouse studies suggest that oral treatment of novel
compounds for two weeks was sufficient to improve motor functions in behavioral tests such as pole, hindlimb clasping,
cross-beam, rotarod, and open-field ambulatory mobility tests. Furthermore, we identified that a novel AptaBio compound
provided the neuroprotective/recovery effects from the PFF-induced toxicity in mouse brains. Our study will provide
prerequisites for developing a therapeutic application and launching an Investigational New Drug study. Since those novel
compounds are safe and orally administrable for penetrating the blood brain barrier, a few lead compounds can be quickly
moved on to be tested in human subjects. The overall goal is to develop clinically safe, orally available anti-Parkinsonian
drug candidates intended to significantly slow down the disease progression via the neuroprotective properties, in addition
to relieving PD symptoms.

Project 5: Developing a combination therapy for halting PD pathology and identifying a biomarker from human PD
patients’ saliva: Levodopa (L-Dopa) replacement therapy remains the most common and effective treatment for PD,
although it induces the complication of L-Dopa induced dyskinesia after years of use. Our group demonstrated that lithium
has neuroprotective effects in Parkinson’s disease in vitro and mouse models. We confirmed that the potential application
of lithium in combination with L-Dopa/Carbidopa, not only reduces MPTP-induced abnormal involuntary movements
(AlMs), but also protects against cell death in MPTP-lesioned mice (Lazzara et al., Brain Res, 2015). In collaborations with
Dr. Brian Polster at U. of Maryland, medicine and Dr. Ruda Lee at Kumamoto University, Japan, we are developing a
potential combination therapy of lithium with safe compounds, such as Idebenone, curcumin, and 7,8-Dihydroxyflavone
(7,8-DHF) in nanoparticles for alleviating PD symptoms as well as providing neuroprotective effects in PD mouse models.
This approach can be an excellent therapeutic option for neurodegenerative diseases due to low cost and low potential side-
effects. The use of low dose of lithium in combination with other potential or pre-existing therapeutic compounds may be
a promising approach for alleviating symptoms as well as providing neuroprotective effects to halt the disease progression
of PD and other neurodegenerative diseases. In addition, currently we are assessing numerous saliva samples from human
PD patients, in comparison with age- and gender-matched healthy control samples, for identifying a potential biomarker to
detect or diagnose early stage of PD pathology from non-invasive and easy-to-collect samples like saliva.
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