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Abstract

The inflammatory reflex is a neural circuit that regulates the body’s immune
response to pathogens and tissue injury. The afferent arc is activated by
cytokines and it transmits signals to the brain through the afferent vagus
nerve which leads to activation of the efferent or motor limb resulting in
suppression of inflammation.

Multiple methods have been used to activate this pathway leading to reduced
inflammation in various diseases such as colitis1, sepsis,2,3 rheumatoid
arthritis,4 acute lung injury,5-7 diabetes,8 and obesity.9 We have
demonstrated that electrical VNS,10,11 optogenetic VNS stimulation,10 and
pulsed ultrasound (US)12-14 can activate the CAP to reduce inflammation
and kidney injury in acute kidney injury (AKI). Activation of the CAP was
implicated in the mechanism of protection by demonstrating the abolishment
of protection in splenectomized mice and in mice lacking a7nAChRs.
Furthermore, adoptive transfer of VNS conditioned a7nAChR splenocytes to
naive mice conferred protection. Optogenetics was used to further refine our
understanding of the specific neural circuits involved.15 Anterograde efferent
fiber stimulation and anterograde sensory afferent fiber stimulation both
conferred protection from AKI while retrograde stimulation did not. Pulsed
ultrasound, through CAP activation, similarly demonstrated a protective
effect from the development of ischemic AKI. Specifically, bursts of
ultrasound delivered 24 hours prior to IRl reduced inflammation and
improved renal function after AKI.

While the ability of ultrasound to modulate the CAP to protect against AKI
has been clearly demonstrated, the origin of these effects is unclear.
Mechanotransduction is the process by which mechanical stimuli are
converted into electrical or chemical signals.16 Mechanosensitive ion
channels sense position, movement, touch, pressure and pain and enable
cells to transduce mechanical stimuli into electrochemical signals.17 The
mechanical force from ultrasound opens these channels, inducing
downstream signaling processes, eventually lead to changes in cellular
behavior and the subsequent biological effects. The goal of our studies is to
understand how the biomechanical effect of pulsed ultrasound (pUS) is
transduced into biochemical signals to activate the inflammatory reflex
pathway thereby blocking inflammation and acute kidney injury (AKI) and
kidney fibrosis of chronic kidney diseases (CKD). We believe that pUS
activates mechanosensory channels.
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