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Elucidation of the molecular mechanisms of Zonisamide as an antiparkinson medicine.
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Research Summery
(Purpose)
Zonisamide (ZNS) has been used as an antiepileptic drug since 1989 and was approved in March 2009 as a new PD
treatment with long-term efficacy following clinical and investigational studies showing that ZNS significantly improves
PD motor symptoms when administered to Parkinson's disease (PD) patients. Although ZNS is known to have
neuroprotective effects and has been shown to be extremely useful as a breakthrough adjunct to conventional dopamine
replacement therapy, the greatest clinical problems are that ZNS has been shown to be effective in a limited population
of PD patients, and the mechanism of action of ZNS in patient dopamine neurons is largely unknown. The purpose of
this study is to establish a system to evaluate the effectiveness of ZNS in patients using patient-derived iPS cells, using
a library of iPS cells and an accompanying clinical information database, which was constructed at Juntendo University
as part of the applicant's parallel research project for practical application of intractable diseases. In addition, Hattori and
Saiki performed the metabolomic analysis of these sporadic patient in AMED-CREST project. We aimed to clarify the
molecular mechanism of ZNS and identify biomarkers related to ZNS responsiveness.

(Method and Results)

1) Evaluation of Zonisamide reactivity in sporadic Parkinson's disease patients in Juntendo Hospital
First, we checked for the presence of ZNS treatment at the time of sample collection. Because ZNS improves motor
function or shortens off-time in PD patients, the ZNS-treated group was divided into two groups: those with a clear effect
and those without a clear effect, and among the non-treated groups, those with a clear history of previous ZNS treatment
were selected. Clinical information regarding the above patients was followed throughout the study periodand evaluated
periodically. The information was entered into a database maintained by Juntendo Neurology. We evaluated the efficacy
of ZNS treatment in patients who were continuously attending the hospital. 1 year after starting ZNS, motor symptoms
(Hoehn and Yahr stage) were classified as improvement, no change, or exacerbation. As a result, the Juntendo PD
database of ZNS medication status was registered and a quantitative database of symptom improvement was established.
We plan to continue the registration of ZNS dosage status in the database after the completion of the project.

2) Development of a ZNS drug efficacy evaluation system using PD- iPS cells

A variety of familial PD-iPS cells already established by the applicants were differentiate into dopaminergic neurons on
a small scale (96-well base), and the addition of ZNS to the medium during neuronal differentiation was used to quantify
and evaluate improvements in cellular vulnerability and PD-specific phenotypes. Among the familial PD-iPS cells
established so far, the increased cell death was significantly reduced by ZNS addition in several types iPS cells. We also
evaluated the efficacy of ZNS using sporadic PD-iPS cell samples.

3) Classification of sporadic PD cases based on ZNS reactivity in iPSC-derived neurons

Approximately 50 of the sporadic PD-iPS cells were differentiated into dopaminergic neurons, and ZNS was added to
the medium to evaluate the effect of ZNS using cell death and alpha-synuclein accumulation as indicators. In three of
these cases, the phenotypes were improved. Of the three patients whose iPS cell phenotype was restored by ZNS addition,
two had significant improvement in the patient's motor symptoms of resting tremor after one month of ZNS treatment;
one patient did not receive ZNS. These results suggest that a good PD phenotype recovery by ZNS in the iPS cell model
may also show a benign course in the clinical phenotype. As there are currently not many cases that appear to be
significant with respect to the analysis from the metabolome, we will have to wait for further iPS cell analysis results to
conduct biomarker searches from the iPS cell results. On the other hand, we have already reported improvement in fatty
acid beta-oxidation with zonisamide medication (Uno et al Cells 2018), and based on these findings, our goal is to
identify metabolic pathways that show significant differences by performing already accumulated metabolomic and
additional analyses on zonisamide-responsive and refractory cases classified from clinical information.

4) Elucidation of the mechanism of ZNS action based on patient and iPS cell metabolome analysis

Since we have not yet explored the biomarker, we have not yet found correlation between the results of iPS cells and
metabolome to elucidate the mechanism of action of ZNS as originally planned, but we will continue our research to
elucidate the mechanism of action in both iPS cells and metabolome.



