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Drug-Induced Parkinsonism (DIP) is a Parkinson's disease-like condition caused by medication side effects, resulting in
motor symptoms such as bradykinesia and rigidity. DIP is primarily induced by drugs that inhibit dopamine neuron function
in the brain. Specifically, these include antipsychotics (butyrophenone derivatives, phenothiazine derivatives, atypical
antipsychotics, benzamide derivatives), antidepressants (tricyclic, tetracyclic), dementia treatments (donepezil), antiepileptics
(Depakene), gastrointestinal drugs (benzamide derivatives, antiulcer drugs), and cardiovascular drugs (calcium channel
blockers, antiarrhythmics). DIP becomes more likely with advancing age, and its risk increases further when combined with
the issue of polypharmacy in the elderly. Although the use of butyrophenone derivatives and phenothiazine derivatives, which
have strong dopamine D2 receptor blocking effects, has been curtailed in favor of atypical antipsychotics, reducing the
frequency of severe DIP, DIP still occurs. It impairs movement due to worsening Parkinson's disease symptoms, leading to
bedridden states, falls, fractures, and significantly impaired ADL. Consequently, DIP is classified as a serious drug adverse
reaction under the Ministry of Health, Labour and Welfare's Comprehensive Measures for Serious Adverse Reactions program.
The effective application of pharmacogenomics for DIP countermeasures represents a significant public health benefit.

Therefore, this study conducted pharmacogenomic analysis to investigate susceptibility to drug-induced parkinsonism.
Specifically, we first obtained clinical evaluation scores for DIP (DIEPSS/SAS) for each individual patient taking
antipsychotics. We then created the internationally valuable “Drug-Induced Parkinsonism (DIP) Gene Registry,” linking
various clinical information with DNA. We newly registered 495 cases, exceeding the planned target, and created recent
clinical epidemiological data on DIP in Japan, refining the clinical information. This clinical epidemiological data represents
a large-scale, rare, and important dataset demonstrating that DIP remains prevalent even in the current era where atypical
antipsychotics are predominantly used, and it aids clinical practice. When grouping patients by antipsychotic dosage
(chlortiprazine equivalent) and summarizing DIEPSSS5 scores, DIP was not observed in 50% of cases even at high doses
(>1200 mg/day). Conversely, even at low doses (<400 mg), DIPs of >1 point were observed in 50% of cases. This suggests
that DIP occurrence is not solely determined by dosage and that individual patient factors, such as genetic background,
influence susceptibility. Similar observations were made for akathisia, dystonia, and dyskinesia.

Regarding DIP symptom scoring, besides the Drug Induced Extra-Pyramidal Symptoms Scale (DIEPSS), the Simpson-
Angus Scale for Extrapyramidal Side Effects (SAS) exists. Internationally, SAS tends to be more widely used. However, SAS
is not used in Japan, and no Japanese translation exists. We created a Japanese translation, performed scoring, and examined
the correlation between DIEPSS and SAS values. A correlation coefficient of 0.70-0.71 was observed, indicating that both
scores are reasonably interchangeable.

Furthermore, WGS analysis was performed on patient DNA from this DIP gene registry, with 547 WGS samples completed
within the planned 3-year period. WGS utilized genomes extracted from blood. Bead-Linked Transposomes PCR-Free was
employed to create sequencing libraries with 550 bp inserts, involving DNA fragmentation and adapter addition. Pair-end
sequencing at 150 base pairs was performed using the NovaSeq 6000 system (Illumina). The data volume per sample was
essentially 90 billion bases (90G base) of data derived from normal cells, excluding duplicate reads. For WGS analysis, we
established a workflow using Parabricks v3.6.1 (compatible with BWE 0.7.15 and GATK 4.1.0.0) for detecting SNVs and
indels. We also built a workflow for SV analysis using Manta or Whamg on the WGS data. Read depth and FastQ data quality
checks were satisfactory. The proportions of aligned reads, mismatches, and duplications showed no outliers, and the freemix
values were acceptable, yielding overall high-quality data.

By combining these genomic analyses with clinical information, we identified genes significantly contributing to
susceptibility to drug-induced parkinsonism. We successfully replicated these results in another patient cohort, thereby
discovering genes significantly contributing to drug-induced parkinsonism in this study. Although each significant genetic
variant is rare in the general population, cumulatively, 4.1% of the general population carries genetic variants predisposing

them to drug-induced parkinsonism. This allowed us to predict which patients in the general population are likely to develop



DIP. Furthermore, we developed detection systems and simplified testing methods from WGS and conducted pilot medical
implementation in clinical practice.

This study elucidates the clinical epidemiology of DIP and highlights that drug-induced parkinsonism remains prevalent
even with current atypical antipsychotic use, providing valuable insights for clinical practice. Pharmacogenomics is a crucial
field of genomic clinical application, primarily advancing in cancer medicine, but remains relatively underdeveloped in
neuropsychiatric disorders. This study developed pharmacogenomics for neuropsychiatric disorders and experimentally

introduced new methodologies into this medical field.



