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My journey and questionable decisions!

Road Map to the 
“Force Sensor”
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What does PIEZO2 help 
us feel?

• Light touch
• Body position and movement 

(proprioception)
• Some internal mechanical signals 

from the body
• PIEZO2 is not just about skin 

sensation; it also contributes to 
sensing what is happening inside 
us.

PIEZO2: A Short History
2010: PIEZO channels were identified as a new 
class of proteins that help cells detect physical 
force.
2014: PIEZO2 was shown to play a major role in 
gentle touch.
2015: PIEZO2 was shown to be essential for 
proprioception, meaning the sense of body 
position and movement.
2017–2018: Research expanded from skin 
sensation to breathing, blood pressure sensing, 
and internal organ function.
2021: Ardem Patapoutian shared the Nobel 
Prize in Physiology or Medicine for discoveries 
related to receptors for touch.
Recent work: PIEZO2 is now being studied in the 
heart, vagus nerve, and internal body sensing.
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How does PIEZO2 work?
• PIEZO2 sits in the membrane of sensory nerve endings.
• When that membrane is bent, stretched, or deformed, the channel 

opens.
• Positively charged ions flow into the cell.
• That ion flow helps trigger an action potential.
• It is mechanically linked to the cell’s internal scaffolding
• Result: the brain receives information that “something mechanical just 

happened.”

Is there a Piezo1? 

• The name "piezo" comes from the Greek word 
piezein (πιέζειν), meaning "to squeeze" or "to 
press."

• PIEZO2 is closely related to PIEZO1, but they 
do not behave the same way.

• PIEZO1 is more responsive when the cell’s 
outer surface gets pulled tight, expanded, or 
stretched outward, often because of 
pressure, swelling, or force across the whole 
cell.

• PIEZO2 is more tuned to localized indentation 
or “soft touch”-type forces.

• That makes PIEZO2 especially well suited for 
fine touch and other low-threshold 
mechanical sensing.
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PIEZO2 and 
Bodily Sensations

• “Mechanosensation” means 
sensing pressure, stretch, 
movement, or force.

• Internal examples may include 
pulses, lung inflation, 
heartbeat-related forces, and 
organ stretch.

• Put simply: mechanics -> 
sensory signaling -> autonomic 
adjustment -> felt bodily state.

PIEZO2 and Interoception
• Interoception is the sensing of what 

is happening inside the body.
• It includes awareness of signals such 

as heartbeat, breath, fullness, 
tension, and internal rhythm.

• Some interoceptive signals are 
conscious.

• Others help regulate the body 
without us noticing them directly.

• PIEZO2 turns internal mechanical 
events into interoceptive information.
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• The vagus nerve carries signals 
between the body and the 
brain.

• Many of its fibers are afferent, 
meaning they carry information 
from the body to the brain.

• Those signals include 
information related to 
breathing, blood pressure, and 
cardiac filling.

• The brain then uses that 
information to adjust output 
back to the body.

• The vagus helps connect 
sensation and regulation

Bridge to Regulation: Our 
friend the Vagus Nerve!

PIEZO2 and Cardiovascular 
Mechanics
• Research in mice discovered vagal 

PIEZO2 neurons form distinctive endings 
in the heart.

• These neurons fire in relation to the 
cardiac cycle, meaning the repeating 
pattern of each heartbeat.

• Their activity changes with blood volume 
and cardiac filling.

• When PIEZO2 is disrupted, the body 
becomes worse at compensating for 
posture change and blood loss.

• That suggests PIEZO2 contributes to 
real-time cardiovascular sensing.
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Another Old Friend: Baroreflex
• The baroreflex is the body’s fast blood-

pressure control system.
• When blood pressure rises or falls, 

sensors send that information to the 
brainstem.

• The brainstem then adjusts heart rate and 
blood vessel tone to stabilize circulation.

• PIEZO channels appear to be part of the 
sensor system involved in this process.

• This matters because the baroreflex is 
highly relevant to HRV and paced 
breathing.

Cardiac-vagal rhythm changes how 
strongly the brain senses the heartbeat
• A recent human paper adds an important bridge.
• It found that fast changes in HRV were linked to 

changes in the brain-sensed strength of each 
heartbeat.

• In plain language: how the vagal system is 
functioning may influence how strongly the brain 
detects heartbeat-related mechanical signals.

• Raises the likely possibility that cardio-vagal rhythm 
and mechanosensory interoception are linked.
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Connecting the Dots
• PIEZO2 helps turn mechanical events 

into neural signals.
• HRV reflects beat-to-beat changes in 

autonomic regulation, especially vagal 
influence on the heart.

• Biofeedback changes breathing, 
pressure, timing, and rhythm in the 
cardio-respiratory system.

• Interoception is how those internal 
signals are sensed and used.

• In simple terms: mechanics -> sensing 
-> regulation -> felt bodily state

What Resonance Frequency (RF) 
Breathing may be doing in the body

• RF breathing creates the strongest, 
smoothest rhythm between breathing, 
heart rate, and blood pressure.

• That can increase mechanical signals 
related to pressure, stretch, vessel filling, 
and cardiac filling.

• Those signals may increase sensory input 
from the lungs, blood vessels, and heart 
to the brain.

• In simple terms, RF breathing may help 
the body practice and strengthen a 
mechanosensory-autonomic feedback 
loop.
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A Model to Drive Thinking and Future Research
Mechanical event: breath, pulse wave, vessel stretch, cardiac filling

Sensor: PIEZO2-linked mechanosensory signaling

Afferent pathway: signals travel toward the brain through vagal and 
related pathways
Central integration: the brainstem updates autonomic output

Observable outcome: HRV changes

Subjective outcome: changes in heartbeat awareness, body awareness, 
and self-regulation

What we know & What I want to know!
• We do have evidence that PIEZO2 contributes to 

internal cardiovascular and vagal mechanosensation
in animal models.

• We do have human evidence that cardio-vagal rhythm 
influences brain-sensed heartbeat mechanics.

• We do not yet have direct evidence that a specific 
HRV biofeedback protocol changes PIEZO2 activity in 
humans.

• So the strongest safe claim is this: HRV biofeedback 
likely trains reflex loops that mechanosensors feed 
into.

• That is different from claiming that HRV biofeedback 
has been proven to directly “train PIEZO2.”
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Takeaways
• PIEZO2 is a force sensor that helps the body detect mechanical events.
• It is relevant not only to touch and movement, but also to internal body 

sensing.PIEZO2 may help us think differently about interoception, 
especially mechanosensory interoception.

• HRV reflects how autonomic circuits respond to bodily rhythms and 
mechanical changes.

• HRV biofeedback may work, in part, by repeatedly exercising 
mechanosensory-autonomic feedback loops.

• Even where the evidence is still emerging, PIEZO2 offers a useful new lens 
for thinking about HRV, biofeedback, and self-regulation

References
• Beech, D. J. (2026). Cardiovascular PIEZO discovery continues apace to reveal myocardial nerves feeling posture and blood loss. Nature Cardiovascular Research. https://doi.org/10.1038/s44161-026-00802-w

• Candia-Rivera, D., & Chavez, M. (2025). Cardiac-vagal rhythm echoes on the heartbeat’s mechanosensory imprint in the brain. Communications Biology, 8, Article 1578. https://doi.org/10.1038/s42003-025-08969-x 

• Coste, B., Mathur, J., Schmidt, M., Earley, T. J., Ranade, S., Petrus, M. J., Dubin, A. E., & Patapoutian, A. (2010). Piezo1 and Piezo2 are essential components of distinct mechanically-activated cation channels. Science, 
330(6000), 55–60. https://doi.org/10.1126/science.1193270

• Engelen, T., Solcà, M., & Tallon-Baudry, C. (2023). Interoceptive rhythms in the brain. Nature Neuroscience, 26(10), 1670–1684. https://doi.org/10.1038/s41593-023-01425-1 

• Khalsa, S. S., Adolphs, R., Cameron, O. G., Critchley, H. D., Davenport, P. W., Feinstein, J. S., Feusner, J. D., Garfinkel, S. N., Lane, R. D., Mehling, W. E., Meuret, A. E., Nemeroff, C. B., Oppenheimer, S., Petzschner, F. H., 
Pollatos, O., Rhudy, J. L., Schramm, L. P., Simmons, W. K., Stein, M. B., … Paulus, M. P. (2018). Interoception and mental health: A roadmap. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, 3(6), 501–513. 
https://doi.org/10.1016/j.bpsc.2017.12.004

• Lehrer, P. M., & Gevirtz, R. (2014). Heart rate variability biofeedback: How and why does it work? Frontiers in Psychology, 5, 756. https://doi.org/10.3389/fpsyg.2014.00756

• Liu, Z., Lu, S., Haskell, I. A., Schappe, M. S., Josipović, M., Min, S., Alabi, A. A., Chi, J., Kim, M., & Liberles, S. D. (2026). Vagal blood volume receptors compensate for haemorrhage and posture change. Nature. Advance online 
publication. https://doi.org/10.1038/s41586-025-10010-4

• Mulhall, E. M., Yarishkin, O., Hill, R. Z., Koster, A. K., & Patapoutian, A. (2026). The molecular basis of force selectivity by PIEZO2. Nature. Advance online publication. https://doi.org/10.1038/s41586-026-10182-7

• Nobel Prize Outreach. (2021). The Nobel Prize in Physiology or Medicine 2021—Advanced information. NobelPrize.org. https://www.nobelprize.org/prizes/medicine/2021/advanced-information/

• Nonomura, K., Woo, S.-H., Chang, R. B., Gillich, A., Qiu, Z., Francisco, A. G., Ranade, S. S., Liberles, S. D., & Patapoutian, A. (2017). Piezo2 senses airway stretch and mediates lung inflation-induced apnoea. Nature, 541(7636), 
176–181. https://doi.org/10.1038/nature20793 

• Ranade, S. S., Woo, S.-H., Dubin, A. E., Moshourab, R. A., Wetzel, C., Bégay, V., Petrus, M., Mathur, J., Mainquist, J., Wilson, A. J., Francisco, A. G., Reddy, K., Qiu, Z., Wood, J. N., Lewin, G. R., & Patapoutian, A. (2014). Piezo2 is 
the major transducer of mechanical forces for touch sensation in mice. Nature, 516(7529), 121–125. https://doi.org/10.1038/nature13980

• Scripps Research. (2026, March 5). A new clue to how the body detects physical force. https://www.scripps.edu/news-and-events/press-room/2026/20260305-patapoutian-piezo2.html

• Shaffer, F., & Ginsberg, J. P. (2017). An overview of heart rate variability metrics and norms. Frontiers in Public Health, 5, 258. https://doi.org/10.3389/fpubh.2017.00258

• Shaffer, F., & Meehan, Z. M. (2020). A practical guide to resonance frequency assessment for heart rate variability biofeedback. Frontiers in Neuroscience, 14, 570400. https://doi.org/10.3389/fnins.2020.570400

• Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology. (1996). Heart rate variability: Standards of measurement, physiological interpretation, and clinical use. 
European Heart Journal, 17(3), 354–381. https://doi.org/10.1093/oxfordjournals.eurheartj.a014868

• Woo, S.-H., Lukacs, V., de Nooij, J. C., Zaytseva, D., Criddle, C. R., Francisco, A., Jessell, T. M., Wilkinson, K. A., & Patapoutian, A. (2015). Piezo2 is the principal mechanotransduction channel for proprioception. Nature 
Neuroscience, 18(12), 1756–1762. https://doi.org/10.1038/nn.4162 

• Xiao, B. (2024). Mechanisms of mechanotransduction and physiological roles of PIEZO channels. Nature Reviews Molecular Cell Biology, 25(11), 886–903. https://doi.org/10.1038/s41580-024-00773-5

• Zeng, W.-Z., Marshall, K. L., Min, S., Daou, I., Chapleau, M. W., Abboud, F. M., Liberles, S. D., & Patapoutian, A. (2018). PIEZOs mediate neuronal sensing of blood pressure and the baroreceptor reflex. Science, 362(6413), 464–
467. https://doi.org/10.1126/science.aau6324

19

20



matt@optimalhrv.com

11

Matt Bennett, MA, MBA
matt@optimalhrv.com
www.optimalhrv.com

• Free books
• Heart Rate Variability Podcast 

Thank you for joining me and all 
the work you do!

21


