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A B S T R A C T

In a compelling new report Zeng et al. (Science 2018) suggest that neuronal Piezo1 and Piezo2 channels sense blood pressure in major arteries above the heart [1].
The data challenge previous proposed baroreceptor mechanisms and add to prior knowledge of Piezo1 channels as sensors of blood flow and key players generally in
cardiovascular biology.

1. Commentary

Zeng et al. [1] address three important topics: blood pressure con-
trol; the molecular basis of baroreceptors; and the molecules that lie at
the core of mechanical force sensing in mammalian biology.

While we all need blood pressure, we don’t need high blood pres-
sure. Surprisingly, given the many anti-hypertensive therapies, this si-
lent killer remains a major global concern, afflicting more than 1 billion
people [2,3]. Mechanisms controlling blood pressure are numerous and
of course complex. One is the baroreceptor reflex. It involves special
pressure-sensing neurones embedded in arteries above the heart – a
fast-acting mechanism: hence the importance in postural control of
blood pressure. There is increasing appreciation of this reflex in car-
diovascular disease [4].

Determination of the molecular basis of baro (pressure) receptors is
important for fundamental knowledge; it might also enable develop-
ment of new therapies. For over 30 years it has been suspected that the
receptors are Ca2+-permeable, Na+-permeable or Ca2+- and Na+-
permeable channels. Both lanthanide-sensitive and lanthanide-resistant
mechanisms have been suggested, as have specific channel types in-
cluding ENaC, TRPV1 and TRPC5. Now Piezos vie for position as the
origin of pressure-sensing in this system.

There are two Piezo proteins in mammals encoded by distinct genes
– Piezo1 and Piezo2 (PIEZO1 and PIEZO2 in human) [5]. Structural in-
formation is available for Piezo1. Three Piezo1s assemble to form a big
ion channel of about 1MDa – a beautiful triskelion structure that has an
ion pore in the middle and which inwardly indents the membrane [6].
The channels are Ca2+-permeable non-selective cationic channels that
are inhibited by the lanthanide Gd3+. A striking feature of the Piezo
literature is the strong agreement amongst investigators that the
channels are activated reliably by mechanical force – particularly in-
creases in membrane tension. They appear to be bona fide force-sensing

ion channels – not simply influenced by mechanical force, as many
mechanisms are, but with raison d’être to sense force and trigger re-
sponses to it. There is shared excitement that these are Real McCoy
force sensors of mammalian systems. In contrast there is controversy
about whether other channels hold such centrality in mammalian force
sensing.

Zeng et al. [1] show that neurones of the nodose-petrosal-jugular
ganglia express mRNA encoding Piezo1 and/or Piezo2. Intriguingly
these mRNA species were rarely together in the same neurones, sug-
gesting distinct sub-populations of neurones expressing one or the other
homomeric channel. Also striking is the observation that conditional
deletion of Piezo1 or Piezo2 in these ganglia had no effect on blood
pressure or baroreceptor reflex. What did have an effect was the double
knockout, which abolished reflex decrease in heart rate and increased
systolic blood pressure and its variability. Aortic depressor nerve ac-
tivity in response to phenylephrine was abolished and optogenetic sti-
mulation of Piezo2-positive carotid sinus neurones depressed heart rate.
Based on these results, Zeng et al. [1] suggest that Piezo1 and Piezo2
are the baroreceptor pressure sensors - jointly important for acute blood
pressure control (Fig. 1).

The baroreceptor data of Zeng et al. [1] are persuasive and strongly
support their conclusion of a critical role for Piezos in this biology. Like
all top-class research, it raises important new questions for future stu-
dies. Why would there be two sets of pressure-sensing neurones con-
taining different Piezo channels? Is there a separate lanthanide-resistant
pressure sensor [7] and, if so, in which context is it important – given
Zeng et al’s [1] observation that Piezo1/2 double knockout cleanly
ablates the baroreceptor reflex of their mice? Do baroreceptors of other
species, especially human, similarly need Piezo channels and are they
both important in baroreceptor control of blood pressure in cardio-
vascular disease?

The new findings add to the bigger picture of the importance of
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Piezo channels in cardiovascular biology - especially Piezo1 channels
(Fig. 1). Piezo1 knockout in mice is embryonic lethal because en-
dothelial Piezo1 is required for vascular maturation (major vessel for-
mation) shortly after the heart starts beating at E8.5 [8]. Endothelial
Piezo1 channels are flow sensors and it is the sensing of this flow by the
nascent endothelial plexus that is thought to mediate vascular ma-
turation proportional to the needs of newly-forming organs [8]. Con-
ditional deletion of endothelial Piezo1 shows importance in flow-sen-
sing of adult mice [9,10] and requirement for the elevated blood
pressure response of whole body physical exercise [9]. Endothelial
Piezo1 is also important in angiogenesis, nitric oxide production and
atherosclerosis [8,10,11]. Smooth muscle Piezo1 is important in vas-
cular remodelling in hypertension and Piezo1 is functional in epithelial
cells of the kidney, another key organ of blood pressure determination.
Early suggestions of relevance to cardiac myocytes and fibroblasts are
appearing and relevance to red blood cells is well established.

Piezo1 channels are flow sensors also in human endothelial cells [8]
but the general significance of Piezos in the human cardiovascular
system is largely unknown. What is striking, based on the limited re-
search done so far, is that there are people who are Piezo1 null, or at
least lack the ion pore domain of Piezo1 [12]. Therefore, for these
people, Piezo1 disruption was not embryonic lethal. Because there are
so few known cases, however, it is hard to know if these people are
exceptions who compensated, perhaps through Piezo2, and thus sur-
vived. These people cannot, however, be considered lucky because they
have generalized lymphatic dysplasia, which is potentially explained by
failure or weakness in flow-sensing of their lymphatic endothelial cells.
If baroreceptors operate similarly in humans as in mice, disruption of
Piezo1 in people will not affect the baroreceptor reflex. This hints at
why Zeng et al. [1] had to disrupt Piezo1 and Piezo2 to affect the
baroreceptor reflex: because the reflex might be so important in

postural control of blood pressure or response to haemorrhage that two
separate genes are needed to guarantee it.

Because of the importance of the baroreceptor reflex in cardiovas-
cular disease [4] it is tempting to consider if targeting Piezos might be a
route to new important anti-hypertensive agents. This could be possible
because we already know that chemicals can modulate or mimic acti-
vation of Piezo1 by mechanical force – acting either directly or via
intermediate proteins. The chemicals identified so far have been named
Yoda1, Dooku1, Jedi1/2 and OB-1/2 based on the catch-phrase of the
Star Wars films: “may the force be with you”. These chemicals are tool
compounds that carry significant limitations. Small-molecule mod-
ulators for Piezo2 are not yet reported. Any drug discovery efforts to-
wards Piezos will need to consider that these proteins are broadly ex-
pressed, so modulation could result in more than changes in blood
pressure.

Acknowledgements

Piezo1 research in DJB’s laboratory is supported by the Wellcome
Trust, British Heart Foundation and Medical Research Council.

References

[1] W.Z. Zeng, K.L. Marshall, S. Min, I. Daou, M.W. Chapleau, F.M. Abboud,
S.D. Liberles, A. Patapoutian, PIEZOs mediate neuronal sensing of blood pressure
and the baroreceptor reflex, Science 362 (2018) 464–467.

[2] D.K. Arnett, S.A. Claas, Omics of blood pressure and hypertension, Circ. Res. 122
(2018) 1409–1419.

[3] A. Qamar, E. Braunwald, Treatment of hypertension: addressing a global health
problem, JAMA 320 (2018) 1751–1752.

[4] G. Grassi, A. Mark, M. Esler, The sympathetic nervous system alterations in human
hypertension, Circ. Res. 116 (2015) 976–990.

[5] S.E. Murthy, A.E. Dubin, A. Patapoutian, Piezos thrive under pressure: mechanically
activated ion channels in health and disease, Nat. Rev. Mol. Cell Biol. 18 (2017)
771–783.

[6] Y.R. Guo, R. MacKinnon, Structure-based membrane dome mechanism for Piezo
mechanosensitivity, eLife 6 (2017).

[7] M.C. Andresen, M. Yang, Gadolinium and mechanotransduction of rat aortic bar-
oreceptors, Am. J. Physiol. 262 (1992) H1415–1421.

[8] J. Li, B. Hou, S. Tumova, K. Muraki, A. Bruns, M.J. Ludlow, A. Sedo, A.J. Hyman,
L. McKeown, R.S. Young, N.Y. Yuldasheva, Y. Majeed, L.A. Wilson, B. Rode,
M.A. Bailey, H.R. Kim, Z. Fu, D.A. Carter, J. Bilton, H. Imrie, P. Ajuh, T.N. Dear,
R.M. Cubbon, M.T. Kearney, R.K. Prasad, P.C. Evans, J.F. Ainscough, D.J. Beech,
Piezo1 integration of vascular architecture with physiological force, Nature 515
(2014) 279–282.

[9] B. Rode, J. Shi, N. Endesh, M.J. Drinkhill, P.J. Webster, S.J. Lotteau, M.A. Bailey,
N.Y. Yuldasheva, M.J. Ludlow, R.M. Cubbon, J. Li, T.S. Futers, L. Morley,
H.J. Gaunt, K. Marszalek, H. Viswambharan, K. Cuthbertson, P.D. Baxter, R. Foster,
P. Sukumar, A. Weightman, S.C. Calaghan, S.B. Wheatcroft, M.T. Kearney,
D.J. Beech, Piezo1 channels sense whole body physical activity to reset cardio-
vascular homeostasis and enhance performance, Nat. Commun. 8 (2017) 350.

[10] S. Wang, R. Chennupati, H. Kaur, A. Iring, N. Wettschureck, S. Offermanns,
Endothelial cation channel PIEZO1 controls blood pressure by mediating flow-in-
duced ATP release, J. Clin. Invest. 126 (2016) 4527–4536.

[11] J. Albarran-Juarez, A. Iring, S. Wang, S. Joseph, M. Grimm, B. Strilic,
N. Wettschureck, T.F. Althoff, S. Offermanns, Piezo1 and Gq/G11 promote en-
dothelial inflammation depending on flow pattern and integrin activation, J. Exp.
Med. 215 (2018) 2655–2672.

[12] E. Fotiou, S. Martin-Almedina, M.A. Simpson, S. Lin, K. Gordon, G. Brice, G. Atton,
I. Jeffery, D.C. Rees, C. Mignot, J. Vogt, T. Homfray, M.P. Snyder, S.G. Rockson,
S. Jeffery, P.S. Mortimer, S. Mansour, P. Ostergaard, Novel mutations in PIEZO1
cause an autosomal recessive generalized lymphatic dysplasia with non-immune
hydrops fetalis, Nat. Commun. 6 (2015) 8085.

Fig. 1. A simple sketch of the major supra-cardiac arteries, showing the loca-
tion of the pressure-sensing mechanisms referred to by Zeng et al. [1]. Listed on
the right are additional systems which should be taken into consideration for
the overall cardiovascular impact of these special Ca2+-permeable ion channels
– the triskelion Piezo1 channels.
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