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Abstract :

Central nervous system (CNS) cells have limited regenerative capacity, making many neurological disorders
difficult to treat and leaving most without effective curative therapies. Abnormal protein production is a major
contributing factor, as it disrupts cellular homeostasis and leads to dysregulated signaling and gene expression.
To address this, various approaches using external stimulation, such as electrical [1] or optical [2] modulation,
have been developed to manipulate cellular signaling and gene expression. Although these techniques offer
high spatiotemporal resolution, they are generally invasive and ineffective for stimulating cells located in deep
tissue regions.

Sonogenetics has recently emerged as a promising non-invasive alternative capable of modulating deep tissue
activity. In particular, the mechanosensitive ion channel-type receptor TRPA1 has been reported to respond to
ultrasound, inducing increases in intracellular Ca?* concentrations [3]. However, current sonogenetic studies with
TRPA1 remain limited, mostly confirming ultrasound responsiveness in vitro or superficial tissue, and effectively
inducing membrane vibrations in target cells deep within the brain or CNS remains technically challenging.
Therefore, methods that enhance the responsiveness of TRPA1 to ultrasound are essential for advancing
sonogenetic applications.

In this study, we propose a strategy to potentiate TRPA1-mediated ultrasound responses using a vibration
enhancer (Fig. 1a). Specifically, supersaturated CO, liposomes are incorporated into the extracellular
environment to enhance membrane vibrations via their acoustic impedance properties locally. Previous findings
indicate that cell adhesion, closely associated with the cytoskeleton, influences the responsiveness of TRPA1 to
ultrasound, suggesting that modulating mechanical sensitivity can improve activation efficiency. By enhancing
TRPA1 responsiveness, this approach may enable reliable, non-invasive stimulation of deep CNS tissues.
Supersaturated CO. liposomes were dispersed into the culture medium. After genetically transfecting HEK293
cells with TRPA1 and GCaMP6f, the cells were irradiated with ultrasound. The results demonstrated that
GCaMPe6f fluorescence corresponding to Ca?* influx was significantly enhanced in the suspension with
liposomes compared to that without liposomes (Fig.1 b,c). These findings suggest that combining TRPA1 with
supersaturated CO; liposomes provides a feasible pathway toward non-invasive ultrasound-based therapies.
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Fig. 1 The concept and results of this study. (a) Proposal of sonogenetics with a vibration enhancer. (b) The images showed that
under conditions with and without liposomes. (c) GCaMPG6f expression driven by Ca?* influx with and without liposomes.
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