PAPER OF THE MONTH 12/2025

TRR 295 ReTune

NPJ Parklnsons Dis. 2025; 11(1) 308 doi: 10. 1038/s41531 025 01177 8. PMID: 41131044.

nimal models of Parkinson's disease (PD) serve as a
Afundamental tool for elucidating the molecular me-

chanisms underlying therapeutic subthalamic deep
brain stimulation (STN-DBS). However, a major translational
challenge persists: the lack of methodologies to parameterize
DBS-induced electric field effects and integrate them with mo-
lecular readouts in PD model studies. This gap hinders cross-
center comparability and data integration, thereby limiting our
understanding of the neural mechanisms underlying DBS. The
current study introduces a pipeline designed to address this
gap by enabling the simulation of focal electric field effects
and the subsequent characterization of both local and brain-
wide network responses by STN-DBS.

We implemented a human-mimicking A53T alpha-synuclein
PD rat model and used an integrative framework that combi-
nes CT-based electrode localization with electric field (E-field)
and volume of tissue activated (VTA) modeling, molecular
imaging using 18F-fluorodeoxyglucose positron emission
tomography (FDG-PET), and histological validation. We emp-
loyed a fully wearable microstimulator and conducted a beha-
vioral test (pellet reaching task) and PET scan during acute
STN-DBS (DBS ON) and after a washout period (DBS OFF),
with a CT scan acquired. To capture a comprehensive picture
of circuit-level modulations induced by unilateral, therapeutic
STN-DBS, we first characterized brain functional changes in
AS53T rats compared to empty vector (EV) control rats in the
OFF-stimulation state, and second, elucidated the DBS res-
ponse by comparing ON-stimulated with OFF-stimulated A53T
rats. Our results demonstrate that hypometabolism within the
subthalamic nucleus (STN)—substantia nigra (SN)/entope-
duncular nucleus—thalamus pathway was predominantly ex-
hibited in A53T rats compared to EV controls. By integrating
E-field and VTA simulation methods with FDG-PET imaging
analysis, we uncovered that therapeutic STN-DBS activates
the targeted region, a finding corroborated by both FDG-PET
imaging results and histological validation via hexokinase
1 (HK1) immunofluorescence staining. Furthermore, acute
STN-DBS ameliorated aberrant metabolic activity within the
ipsilateral STN-SN loop by reversing Parkinsonian-state hy-
pometabolism in these regions, while simultaneously deacti-
vating bilateral cortico-striatal circuitry.

Our study provides mechanistic insights into therapeutic STN-
DBS and presents a reverse-translational pipeline that bridges
DBS profiling with molecular-level analysis, thereby advancing
basic DBS research and enabling forward translation from
animal models to patients. |
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