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Focused ultrasound neurostimulation for chronic pain treatment

Abstract. Focused ultrasound (US) neurostimulation is a promising alternative technique for chronic pain
treatment. The advantages of US neurostimulation compared to standard electrical stimulation are non-
invasiveness, deep-penetration and high spatiotemporal accuracy. Our recent in vitro study in mouse dorsal root
ganglia (DRG) neurons demonstrated that a specific class of mechanoreceptors (termed the low-threshold C-
mechanoreceptors C-LTMRs) is potently excited by ultrasound than any other class. Interestingly, the C-LTMRs
have been identified as strong modulators of injury-induced pain, suggesting that this particular class of neurons
is likely to constitute an important, yet unexplored, target for the treatment of chronic pathological pain. The
aim of this interdisciplinary PhD project is to explore the US-induced stimulation of C-LTMRs in mice in vivo and
to identify the sensory pathways triggered by US stimuli using optical imaging techniques (multi-photon
microscopy and/or photoacoustic tomography) in combination with molecular readouts all along the pain
pathway. This will pave the way to a new generation of therapeutic ultrasound device for pain treatment.
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In vitro proof of concept that the DRG neurons are sensitive to focused ultrasound. (a) Schematic view of the experimental set-up based
on calcium imaging to monitor changes in Ca2* signals in individual DRG neurons subjected to ultrasonic stimuli. (b) Examples of calcium
responses induced by an ultrasonic stimulus. (c) Calcium imaging of isolated sensory neurons, 2 s. before the onset of ultrasonic
stimulation and 2 s. after. (d) Deformations of the DRG neurons during the ultrasonic stimuli monitored by high-speed camera showing
that membrane deformations are necessary to activate DRG neurons.




Objectives

The first objective of the Centuri PhD project is to explore the US-induced stimulation of C-LTMRs in mice in vivo.
Following our previous in vitro demonstration that C-LTMRs are sensitive to US stimulation, we propose to
stimulate skin in mice in vivo and identify the sensory pathways triggered by US stimuli using optical imaging
techniques (multi-photon microscopy and/or photoacoustic tomography). The second objective will be to
understand the physical mechanisms by which US activate C-LTMRs by developing an in vitro device for
measuring the effects of focused US on 3D neuronal cell models.

Proposed approach

The mechanosensory DRG neurons that innervate the skin transmit sensory information to a complex network
of neurons in the dorsal horn of the spinal cord, where this information is processed. Then this information is
relayed to the somatosensory cortex for integration and perception. The skin of FOS-TRAP mouse (available at
IBDM) will be sonicated by focused US. The US-activated circuit will first be identified thanks to the genetic
marking of the trapped neurons at the DRGs, spinal cord and brain levels. We will then investigate several
combinations of US parameters in vivo to identify efficient and reliable US protocol to stimulate DRGs (and
peculiarly targeted C-LTMRs) by using optical neuroimaging techniques. Finally, the molecular and functional
identities of the trapped neurons will be unraveled using FACS sorting followed by single cell RNA-sequencing.
The physical mechanisms will be quantified by conducting in vitro experiments on 3D neuronal cell models to
assess the deformation of cells/nerves due to acoustic radiation force during US stimulation.

Interdisciplinarity

This project will combine the strengths of three Centuri laboratories at the interface of physics and biology with
complementary skills: the LMA with an expertise in ultrasonic imaging and neurostimulation, the IBDM in
molecular biology of mechanosensory neurons and the Fresnel Institute in optical imaging of neuronal activity.
The LMA (Franceschini group) is developing experimental approaches and applying physical concepts to achieve
a guantitative understanding of physical mechanisms of US-induced neurostimulation. The IBDM (Mogrich
group) is expert in the functional significance of primary sensory neurons in chronic pain, who will contribute to
the understanding of molecular mechanisms and of sensory pathways triggered by US stimuli. The Fresnel
institute (Rigneault — Chaigne group) is developing advanced optical neuroimaging techniques, enabling in vivo
monitoring of neuronal activity by using multi-photon microscopy and/or photoacoustics.

PhD student’s expected profile

The PhD candidate should hold a MSc (or equivalent degree) in physics, biophysics, acoustics, molecular or
cellular biology, neurosciences or a related discipline. We aim to find a highly-motivated student with creative
skills and appeal for experimental work. Ability to work in an interdisciplinary environment involving several
research teams will be required. Some good English language skills and profusion in data analysis using, e.g.
Matlab, will be a strong plus.
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