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Highlights

e Mechanically-activated Piezo2 channel was highly expressed in baroreceptor
nodose ganglia (NG) neurons as well as aortic nerve terminals in
normotensive rats and significantly downregulated in hypertensive rats.

e Downregulation of Piezo2 in NG impaired the baroreflex and induced
hypertension in rats.

e Nedd4-2 was involved in the downregulation of Piezo2 in NG in hypertensive
rats.

e In the future, targeting Piezo2 could be a new strategy in the treatment of

hypertension.
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Abstract

Baroreflex plays a crucial role in regulation of arterial blood pressure (BP). Recently,
Piezol and Piezo2, the mechanically-activated (MA) ion channels, have been
identified as baroreceptors. However, the underlying molecular mechanism for
regulating these baroreceptors in hypertension remains unknown. In this study, we
used spontaneous hypertensive rats (SHR) and NG-Nitro-L-Arginine (L-NNA)- and
Angiotensin Il (Ang Il)-induced hypertensive model rats to determine the role and
mechanism of Piezol and Piezo2 in hypertension. We found that Piezo2 was
dominantly expressed in baroreceptor nodose ganglia (NG) neurons and aortic nerve
endings in Wistar-Kyoto (WKY) rats. The expression of Piezo2 not Piezol was
significantly downregulated in these regions in SHR and hypertensive model rats.
Electrophysiological results showed that the rapidly adapting mechanically-activated
(RA-MA) currents and the responsive neuron numbers were significantly reduced in
baroreceptor NG neurons in SHR. In WKY rats, the arterial BP was elevated by
knocking down the expression of Piezo2 or inhibiting MA channel activity by
GsMTx4 in NG. Knockdown of Piezo2 in NG also attenuated the baroreflex and
increased serum norepinephrine (NE) concentration in WKY rats. Co-
immunoprecipitation experiment suggested that Piezo2 interacted with Neural
precursor cell-expressed developmentally downregulated gene 4 type 2 (Nedd4-2,

also known as Nedd4L); Electrophysiological results showed that Nedd4-2 inhibited
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Piezo2 MA currents in co-expressed HEK 293T cells. Additionally, Nedd4-2 was
upregulated in NG baroreceptor neurons in SHR. Collectively, our results demonstrate
that Piezo2 not Piezol may act as baroreceptor to regulate arterial BP in rats. Nedd4-
2-induced downregulation of Piezo2 in baroreceptor NG neurons leads to
hypertension in rats. Our findings provide a novel insight into the molecular
mechanism for the regulation of baroreceptor Piezo2 and its critical role in the
pathogenesis of hypertension.

Keywords: Hypertension, Baroreceptor, Piezo channel, Nedd4-2, Baroreflex, Nodose
ganglia
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BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP,
mean arterial pressure; PP, pulse pressure; MA, mechanically-activated; RA-MA,
rapidly adapting type of mechanically-activated; 1A, intermediately adapting; SA,
slowly adapting; NG, nodose ganglia; SHR, spontaneously hypertensive rat; WKY,
Wistar-Kyoto rats; L-NNA, NG-Nitro-L-Arginine; shRNA, short hairpin RNA;
Nedd4-2 (Nedd4L), neural precursor cell-expressed developmentally downregulated
gene 4 type 2; nNOS, neuronal isoform of nitric oxide synthase; Ang I, Angiotensin
Il; GsMTx4, M-theraphotoxin-Grla; HR, heart rate; yENaC, epithelial sodium
channel y subunit; ASIC2, acid-sensing ion channel 2; TRPC5, transient receptor
potential cation channel classical subtype 5; SP-DiO, 3,3'-Dioctadecyl-5,5"-Di(4-
Sulfophenyl) Oxacarbocyanine sodium salt; Dil, 1,1'-dioleyl-3,3,3,'3'-
tetramethylindo-carbocyanine methane sulfonate; NE, norepinephrine; PE,

Phenylephrine.



1 Introduction

In mammals, the arterial baroreceptors play an essential role in triggering the
baroreflex to buffer any deviation of arterial blood pressure (BP). Baroreceptors are
stretch-sensitive structures that located at the sensory nerve endings in the wall of
aorta arch and carotid sinus. These sensory nerve endings are projected by
baroreceptor neurons whose cell bodies are located in the nodose and petrosal ganglia
[121, Baroreceptors sense the stretch of vascular wall caused by BP changing, and then
convert the mechanical signals into electrical signals, which propagate to the
cardiovascular center. Ultimately, the heart rate (HR), cardiac output, and vascular
tone are adjusted via a sympathetic negative feedback to maintain BP stabilization
(231 Baroreflex injury including impairment of baroreceptors leads to overactivity of
sympathetic nervous system and results in hypertension . It was reportedly that
baroreflex sensitivity impairment is associated with myocardial infarction, heart
failure and stroke, and also serve as an indicator for the prognosis of these
pathological conditions >8], Electric field stimulation of baroreceptors (also known as
baroreceptor activation therapy) elicits a decrease of BP and reduction of sympathetic
activity in patients with drug-resistant hypertension -4,

The molecular nature of baroreceptor has been studied for decades. Several ion
channels such as epithelial sodium channel y subunit (yYENaC) 2, acid sensing ion
channel 2 (ASIC2) [81 and TRP channel classical subtype 5 (TRPC5) 3 have been

proposed as baroreceptors. However, substantial residual baroreflex is still observed



even though these channels are eliminated 1. None of them could be directly
activated by mechanical stimulation in heterologous expression systems [3142%1 Thys,
these channels acting as sensors or downstream signals of mechanotransduction
remains controversial. Piezo channels, including Piezol and Piezo2, are bona fide
mechanically-activated (MA) ion channels that have been identified in 2010 and been
extensively studied [*®17]. Piezo channels are essential for detecting external
mechanical stimuli, as well as mechanical forces within tissues 822, Zeng et al. have
identified that Piezol and Piezo2 functional together serve as baroreceptors. Double
knockout of Piezol and Piezo2 results in baroreflex impairment and systolic BP
increase in mice 1,

However, this raises new questions. For example, do baroreceptors of other species
need Piezo channels to control BP? What is the role of Piezo baroreceptors in
hypertensive animals? The underlying molecular mechanisms for regulating Piezo
baroreceptors in hypertension also remains to be determined. In this study, we used
hypertensive rats to study the role of Piezol and Piezo2 in modulation of arterial BP
in baroreceptor neurons and their roles in hypertension. We found that Piezo2 was
dominantly expressed in baroreceptor neurons and nerve endings in rats. Piezo2 not
Piezol acts as baroreceptor to regulate rat arterial BP. Downregulation of Piezo2 by
Nedd4-2 in baroreceptor NG neurons could induce hypertension in rat.

2 Materials and Methods

2.1 Animals



Male Wistar-Kyoto rats (WKY;; total number, 221; 16 weeks of age; bodyweight, 250-
300 g) and male spontaneously hypertensive rats (SHR; total number, 31; 16 weeks of
age; weight, 250-300 g) were purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd. (Beijing, China). WKY rats and SHR were housed at room
temperature (23 + 1°C) with a stable humidity (50 = 5%) and free access to food/water
on a 12 h/12 h light/dark cycle. Experimental procedures were approved by the
Animal Care and Use Committee of Hebei Medical University (Shijiazhuang, China).
2.2 Reagents and antibodies

NG-Nitro-L-Arginine (L-NNA; Cat. no. 2149-70-4) was purchased from Yuan Ye
Biotechnology Co., Ltd. (Shanghai, China) and Angiotensin Il (Ang Il; Cat. no. 4474-
91-3) was purchased from Med Chem Express (MEC, New Jersey, USA). GsSMTx4
(Cat. no. ab141871), nNOS (Cat. no. ab1376) were obtained from Abcam (Ambridge,
UK). Antibodies specific to Piezol (Cat. no. 15939-1-AP), B-actin (Cat. no. 66009-1-
Ig), and Nedd4-2 (Cat. no. 13690-1-AP) were purchased from Protein Tech Group,
Inc. (Wu Han, China; dilution, 1:1,000). Antibodies specific to Piezol (Cat. no.
NBP1-78446) and Piezo2 (Cat. no. NBP1-78624) were purchased from NOVOUS
(Basel, Switzerland; dilution, 1:100). Antibody specific to Piezo2 (Cat. no.
ARP49683) was purchased from AVIVA (San Diego, USA, dilution, 1:500); and one
self-prepared Antibody specific to Piezo2 (dilution, 1:1000). Antibodies specific to
Tujl (Cat. no. GTX631836) was purchased from GeneTex (Southern California,

USA,; dilution, 1:500). Scrambled shRNA (r) Lentiviral Particles (Cat. no. Sc-
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108080), Piezol shRNA (r) Lentiviral Particles (Cat. no. Sc-27-342-V) and Piezo2
shRNA (r) Lentiviral Particles (Cat. no. Sc-270372-V) were purchased from Santa
Cruz (Santa Cruz, USA). Goat anti-rabbit (Fluorescein 5-isothiocyanate, FITC) (Cat.
no. 132373) and Goat anti-mouse (Tetramethylrhodamine, TRITC) (Cat. no. 131512)
were purchased from Jackson ImmunoResearch Inc. (Baltimore, USA,; dilution,
1:400); SP-DIiO (Cat. no. D7778) was purchased from Thermo Fisher Scientific
(Waltham, USA). Dil (Cat. no. MB4240) was purchased from Dalian Meilun
Biotechnology Co. (Dalian, China).
2.3 Hypertensive animal model
L-NNA-induced hypertensive animal model: In brief, WKY rats (total number, 30),
with body weight of 190-210 g, received intraperitoneal (i.p.) injection with L-NNA
(7.5 mg/kg/12 hours) for 28 consecutive days 231 22 rats had significantly increased
BP and were used in the following study; 8 rats were excluded because 5 rats BP
fluctuated too much and 3 rats died during the experimental procedure. WKY rats
(total number, 30) with the same range of body weight that were intraperitoneally
injected with saline (the same volume as L-NNA) for 28 consecutive days were used
as control. In control group, 2 rats were excluded because they died during the
experimental procedure.

Ang ll-induced hypertensive model rats: In brief, WKY rats (total number, 60),
with the body weight of 190-210 g, were anesthetized with isoflurane. Osmotic

minipumps (Alzet 2002, DURCT, USA) containing either Ang Il (400 ng/Kg/min,

9



ANG I group, n = 30) or the same volume of saline (0.9%, control group, n = 30)
were subcutaneously implanted into the animals 4. benzylpenicillin (19 mg/0.1 mL)
was injected into muscular immediately after surgery. Postoperatively, rats were
housed individually in plastic cages and supplied with water and food ad libitum. All
infusions were performed for 14 days. Arterial BP was measured at the day after 14
days minipump implantation. In Ang Il group, 21 rats had significantly increased BP
and were used for following study. 9 rats were excluded because 5 rats with damaged
osmotic minipumps and 4 rats died during the experimental procedure. In control
group, 2 rats were excluded because their osmotic minipumps were damaged.

2.4 Measurement of the Hemodynamic Parameters in rats

Carotid catheterization method was used to measure the arterial BP of rats. Briefly,
rats were anesthetized with i.p. injection of 2% sodium pentobarbital (40 mg/kg). The
rats were fixed at supine position and the neck hair was removed. A median incision
was made to separate the left carotid artery and vagus nerve. The left carotid artery
was separated and two threads were put under the carotid artery for later using. The
distal end of the left carotid artery was ligated and the proximal end of the carotid
artery was clamped with an arterial clamp. A V" shaped incision was made between
the distal ligation line and the artery clamp by ophthalmic scissors in the centriolar
direction at 45°. The "V" shaped incision should not be too large, about one-third of
the perimeter of the vessel. The polyethylene catheter (PE 50) filled with 2%o heparin

saline was inserted into the left carotid artery centripetally (about 2 cm) and
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connected to the pressure transducer (NL108A; Digitimer Ltd.). The arterial BP of
rats was recorded and measured (Data acquisition and analysis system, PowerLab).
The heart rates (HR) of rats were measured by electrocardiograph (ECG), which was
recorded with three needle electrodes placed subcutaneously on the lower left chest
(+), upper right chest (-) and left hind paw (ground), respectively and amplified with a
differential amplifier (Data acquisition and analysis system, PowerLab).

2.5 Immunofluorescence

Rats were transcardially perfused with 4% PFA under depth of anesthesia (2% sodium
pentobarbital, 40 mg/kg). Left NG was removed and stored in 4% PFA followed by
embedding in OCT (SAKURA, Japan). Ten micrometers NG sections were cut using
a freezing microtome (Leica, Germany). Sections were washed once with 0.1 mol/L
PBS (Beijing Solarbio Science & Technology Co., Ltd.) and punched for 30 min in
37°C with 0.3% Triton X-100/PBS buffer and blocked for 1 hours with blocking
buffer (10% goat serum in 0.1 mol/L PBS). Primary antibodies were diluted in 0.1%
Triton X-100/PBS buffer before overnight incubation at 4°C. Antibodies of Piezol
(Cat. no. NBP1-78446), Piezo2 (Cat. no. NBP1-78624), nNOS (Cat. no. ab1376),
Nedd4-2 (Cat. no. 13690-1-AP) and Tujl (Cat. no. GTX631836) were used in
immunofluorescence (IF) assay. The second day, sections received a further 3 times
washes in PBS before incubation with secondary antibodies for 2 hours at 37°C.
Sections were washed with PBS for 3 times and placed on microscope slides in

Vectashield with DAPI (Southern Biotech). Staining was visualized and the IF
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intensity was measured using a laser scanning confocal microscope (Leica SP5, Leica,
Germany).

For aortic arch adventitia, which contains the baroreceptor nerve terminals, was
fixed in 4% PFA overnight. Then the adventitia was punched for 3h in 1% Triton X-
100. The procedures for immunostaining were the same as described above.

2.6 Real-Time PCR

Total RNA was extracted from NG tissues using RNAiso Plus total RNA extraction
reagent (Takara Bio, Inc.). cDNA was synthesized using a Prime Script RT reagent
Kit with gDNA Eraser (Takara Bio, Inc., Otsu, Japan). Genomic DNA is eliminated
by treatment with gDNA Eraser for 2 min at 42°C. The reaction conditions were as
follows: 37°C for 15 min, 85°C for 5 sec and 4°C for termination. Subsequently,
cDNA was stored at -20°C. qPCR was performed using a SYBR Premix Ex Taq Real-
Time PCR Kit (Takara Bio, Inc.). The reaction conditions were one cycle of initial
denaturation at 95°C for 3 min, followed by 35 cycles of 95°C for 30 sec, 60°C for 30
sec. The PCR primer sequences were as follows: Piezol forward: 3°-
CTCCTGTGGAGAACCGTGAT-5’ and reverse: 3°-
CTGCGAGTGTTGTAGCCAGT-5’; Piezo2 forward: 3°-
TTACATCTGTGCCCTCATCG-5’ and reverse: 3’-CATGGGTACTTCCTCCTGTC-
5’; GAPDH forward: 3°’-GACATGCCGCCTGGAGAAAC-5’ and reverse: 3’-
AGCCCAGGATGCCCTTTAGT-5’. GAPDH was used as an internal control.

Expression data were calculated from the cycle threshold (Ct) value, and the 2744
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method was used to calculate RNA level.

2.7 Co-Immunoprecipitation (Co-1P) and Western blot

Samples were prepared from NG tissues or HEK 293T cells expressing both Piezo2
and Nedd4-2. A certain volume of RIPA (Beyotime Institute of Biotechnology)
(containing protease inhibitor) was added to the NG tissues or the collected cells,
lysed on ice for 30 min, centrifuged at 12,000 rpm for 30 min, and the supernatant
was collected and the concentrations of proteins were detected using a bicinchoninic
acid protein kit (Beyotime Institute of Biotechnology).

For Western blot analysis, proteins were extracted from NG, 30 ug were used,
separated by electrophoresis on 8% SDS-polyacrylamide gels, and transferred onto
PVDF membranes. Nonspecific binding sites were blocked with 5% skim milk in
Tris-buffered saline solution with Tween-20 for 2 hours at room temperature.
Membranes were then incubated with primary antibodies overnight at 4°C. Antibody
for B-actin was used as a housekeeping protein. Antibodies of Piezol (cat. no. 15939-
1-AP; dilution, 1:500), Piezo2 (cat. no. ARP49683; dilution, 1:500) and B-actin (cat.
no. 66009-1-1g) were used for western blot assay. Second day, the blots were probed
with secondary antibodies (IRDye 800CW goat anti-rabbit, Cat. no. 926-32210;
IRDye 800CW goat anti-mouse, Cat. no. 926-32211; LI-COR Biosciences), and the
blots were visualized using the Odyssey Fc System (LI-COR Biosciences).
Densitometry of the protein bands was performed using ImageJ 1.50i software

(National Institutes of Health). The experiments were repeated at least three times.
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200 g protein samples were used for Co-IP. In this case, the protein was incubated
with anti-Piezo2 (self-prepared), anti-Nedd4-2 (Cat. no. 13690-1-AP) and anti-1gG
antibodies (each antibody using 3ug) for 16 hours, respectively. Then Protein-G-
coated magnetic beads (Sigma, IP50-1KT) were added and the solution was incubated
for 12 hours. The protein was denatured with SDS buffer containing 50 mM Tris-HCI,
2% SDS, 100 mM DTT, 10% glycerol and 0.01% bromophenol blue for 10 minutes at
95°C and then separated by SDS-PAGE. Anti-Piezo?2 (self-prepared) antibody and
anti-Nedd4-2 (13690-1-AP) antibody were detected. The experiments were repeated
at least three times.

2.8 Retrograde labelling of aortic baroreceptor NG neurons

The procedures were similar to previously described [*°1. Briefly, rats were
anesthetized with 2% sodium pentobarbital (40 mg/kg). Nerves in the left cervical
area were exposed. 3-4 mm of the aortic depressor nerve was carefully detached from
surrounding tissues. The fluorescent dye 1,1'-dioleyl- 3,3,3,'3'-tetramethylindo-
carbocyanine methane sulfonate (Dil) crystals were applied around the left aortic
depressor nerve with a parafilm underneath, and the area was wrapped by a rapid-
curing gel (Kwik-Sil, World Precision Instruments). The incision was sutured
afterward. The animals were recovered for 10 days to allow dye to diffuse
retrogradely along the aortic depressor nerve to the soma located in NG.

2.9 Single-cell RT-PCR

Single-cell RT-PCR was performed as previously described 21, Retrogradely labeled
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NG neurons were aspirated (under a microscope) into a patch pipette using a
conventional patch-clamp setup with negatively pressurised pipette holder. The
electrode tip was then quickly broken into a 0.2-mL PCR tube containing 0.7 puL of
oligo-dT (50 mM), 1 puL of ANTP mixture (10 mM), 0.5 uL of MgCl> (25 mM), 0.7
uL of RNaseOUT (40 U/mL), and 1.4uL of DEPC-treated water; the mixture was
heated to 65°C for 5 minutes and then placed on ice for 1 minute. Single-strand cDNA
was synthesized from the cellular mRNA by adding 0.5 puL of RT buffer, 1.5 puL of
MgCl2 (25 mM), 1 uL of DTT (1M), 0.5 puL of RNaseOUT (40U/mL), and 1 puL of
Super Script 111 RT (200 U/mL) and then incubating the mixture at 55°C for 50
minutes followed by 85°C for 5 minutes. Synthesis of single-cell cDNA was
performed using a C1000 Touch thermal cycler-CFX96Real-time PCR (BIO-RAD,
Hercules, CA). First strand synthesis was executed at 95°C (1 minute) followed by 40
cycles (95°C for 50 seconds, 60°C for 50 seconds, and 72°C for 55 seconds) and a
final 10 minutes elongation at 72°C by adding the specific “outer” primer pairs into
each PCR tube (supplementary table 1). Then, 2.5 uL of the product of the first PCR
was used in the second amplification round by using specific “inner” primers (final
volume 25 uL, supplementary table 1). The second amplification round consisted of
heating the samples to 95°C (1 minute) followed by 40 cycles (95°C for 50 seconds,
60°C for 50 seconds, and 72°C for 55 seconds) and 10-minute elongation at 72°C. The
products of the second PCR were analysed in 2% agarose gels and stained with

ethidium bromide. SuperScript 111 First-Strand Synthesis System Kit and GoTaq
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Green Master Mix were obtained from Takara-Clontech (Invitrogen, Carlsbad, CA)
and Promega (Madison, WI), respectively.

2.10 Cells culture and transfection

Primary cultures of NG neurons were prepared from rats (about 250 g) as previous
studies described 2%, In brief, rats were deep anesthetized and then the ganglia were
rapidly removed and placed into the D-Hank’s solution (Gibco). Ganglia samples
were digested at 37°C with collagenase (2 mg/mL, Worthington) for 30 min. They
were subsequently suspended in 10 mL DMEM (Gibco) plus 10% bovine calf serum
(Gibco) to stop digestion. Ganglia were then dissociated into a suspension of
individual cells and plated onto 13 mm glass coverslips pre-coated with 100 g/mL
poly-D-lysine (BD Biosciences). Cells were incubated at 37°C with a 5% CO and
95% O,. Retrogradely labelled NG neurons by Dil dye were used for patch clamp
recording within 24 hours.

HEK 293T cells were plated onto 13 mm glass coverslips pre-coated with poly-D-
lysine (100 g/mL). Transfections were performed with Lipofectamine 2000
(Invitrogen) according to the manufacturer's protocol. In addition, EGFP was co-
transfected to identify the transfected cells. The Piezo2 plasmid was purchased from
Addgene (plasmid #81073). The Nedd4-2 (also known as Nedd4L) plasmid was
purchased from Youbao Biological Technology Co., Ltd. (NM-001114386).

2.11 Electrophysiology

Whole-cell mode patch clamp recordings were performed at a room temperature of
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22-24°C as previous study described [?°1. Coverslips with cultured NG neurons were
placed in a 0.5 ml microchamber, mounted on a stage of an Olympus IX70 inverted
microscope (Olympus Co, Japan) and continuously perfused at 2 ml/min with bath
solution. The bath solution contained (in mM) 145 NaCl, 5 KClI, 2 MgCly, 2 CaCl,, 10
HEPES and 10 glucose with an osmolarity 320 mOsm. The pH was adjusted to 7.35
with NaOH. The internal recording solution contained (in mM) 70 Cs2S0Os, 5 KCI, 2.4
MgClz, 0.5 CaCl, 5 EGTA, 10 HEPES, 5 Na,ATP, 0.33 GTP-Tris salt, pH was
adjusted to 7.35 with CsOH and osmolarity was adjusted with sucrose to 320 mOsm.
The recording electrodes were pulled from thick wall borosilicate glass capillaries
using a Flaming P-97 puller (Sutter Instrument Co. Novato, CA). Resistances of
electrodes were 3-5 MQ after filling recording internal solutions. The protocol used to
record MA currents in baroreceptor NG neurons was as follows: the cells that were
retrogradely labelled by Dil were selected to record MA currents. The cells were held
at -60 mV and cell membranes were displaced by a heat-polished glass probe. The
probe, with a ~4 um diameter tip, was positioned at an angle of 45° to the dish
surface. Its movement was controlled by a Piezo-electric device (Physik Instrumente,
Ltd.). Cells were stimulated with a series of mechanical stimuli in 1 um increments to
elicit MA currents. The moving velocity of the probe was set at 0.5 um/ms. The probe
and the recorded cells were visualized as live images on a monitor throughout the
recording. The live images were captured continuously through a CCD camera that

was connected to the 40x microscope objective. To record the Piezo2 MA currents,
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Piezo2 with or without Nedd4-2 were expressed in HEK 293T cells. The bath
solution, internal recording solution and the recording protocol were as same as
demonstrated above. Signals were recorded with an Axopatch 700B amplifier, filtered
at 2 KHz and sampled at 5 kHz using pPCLAMP 10.7 (Axon Instruments; Molecular
Devices, LLC).
2.12 Injection of ShARNA Lentivirus or GsMTx4 or Yodal in NG
In brief, WKY rats were anesthetized with i.p. injection of 2% sodium pentobarbital
(40 mg/kg). A midline incision was made at cervical area of rats. Both nodose
ganglions were exposed. The microinjector (Hamilton Co.) contained 2 uL solution of
shRNA lentiviruses particles (~1x10° copies of Control shRNA, Piezol shRNA or
Piezo2 shRNA) was focally inserted into both nodose ganglions to a depth of 500 pum.
The shRNA lentiviral particles were injected slowly into NG, and the needle was
removed 5 minutes after the injection was complete. The incision was closed with
sutures. Intramuscular injection of benzylpenicillin (19 mg/0.1 mL) was given
immediately after surgery. Postoperatively, rats were housed individually in plastic
cages and supplied with water and food ad libitum. After infection for 15 days, the
common carotid artery cannulation method was used to measure SBP, DBP, MAP and
PP.

Arterial BP was measured from the right common carotid artery cannulation of the
rats. The left NG was exposed. After the BP was stabilized, 1 pL GsMTx4 (NS as

control) or Yodal (5% DMSO as control) (100 umol/L, 0.25 pL/min) was injected
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into the NG, and changes in blood pressure were observed after GSMTx4 or Yodal
injection.

2.13 Evaluation of baroreflex

Rats infected with lentivirus particles (Piezol-, Piezo2- and scrambled shRNA) in NG
after anesthetic. 2 weeks later, the rats were fixated at supine position, the left carotid
artery was exposed and arterial BP was recorded as above (see 2.4 Measurement of
the Hemodynamic Parameters in rats); The HR of rats was measured by ECG (see 2.4
Measurement of the Hemodynamic Parameters in rats). When the BP was stable, PE
was slowly administered through the left femoral vein (rate: 200 pL/min; infusion
dose: 50 pg/kg). Then, the BP increased sharply and the HR slowed down reflexively.
The BP and HR were continuously recorded until the BP recovered. The baroreceptor
sensitivity was evaluated by calculating the changes of HR and systolic blood
pressure after intravenous injection of PE.

2.14 Enzyme Linked Immunosorbent Assay (ELISA)

The peripheral venous blood (about 3 ml) of rats was collected. Samples were
incubated at room temperature for 2 hours and then centrifuged at 2000x g for 20
mins. The supernatant was then collected to detect the level of serum norepinephrine
(NE) with the ELISA kit (Cloud-Clone corp. Cat. no. HEA907Ge) based on the kit
instructions. Briefly, the standards, reagents and samples were prepared before the
experiment. 50 pL samples (including standard and sample to be tested) and 50 pL

detection reagent A (prepared before using) were added to each well, then incubated
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at 37°C for 1 hour. The wells were washed three times using washing solution; then
100 pL detection reagent B was added to each well and incubated at 37°C for 30
minutes. After this, the wells were washed 5 times using washing solution; then 90 uL.
substrate solution was added to each well and incubated at 37°C for 20 minutes. The
reaction was terminated by adding 50 pL stop solution to each well and the
absorbance was immediately read at 450 nm.

2.15 Statistical analysis

Data were presented as the Mean + SEM and analyzed using GraphPad Prism 8.
Statistical significance was evaluated using either a Student's t-test or one-way
analysis of variance (ANOVA) followed by Dunnett's post hoc test for multiple
groups or two-way ANOVA followed by Bonferroni’s multiple comparisons test. The
2 test was used to assess the differences in the proportion of Piezo2-positive
baroreceptor NG neurons between WKY rats and SHR. The y? test was also used to
assess the differences in the proportion of RA-MA and non-responsive (NR) neurons
in cultured NG neurons transfected with scrambled shRNA and Piezo2 shRNA. P <
0.05 was considered to indicate a statistically significant difference.

3 Results

3.1 Piezo2 was dominantly expressed in NG neurons in WKY rats and
downregulated in hypertensive rats

Recent studies have shown that both Piezol and Piezo2 MA channels are obviously

expressed in the mouse NG neurons 1. In the present study, SHR and L-NNA- or Ang
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[I-induced hypertensive model rats were used to address the different expression of
Piezol and Piezo2 in NG between normotensive WKY rats and hypertensive rats. The
carotid artery intubation method was used to record the BP of WKY rats and SHR.
The SBP, DBP, MAP and PP were all significantly higher in SHR than that of WKY
rats (Fig. 1A). gPCR assay showed that the mRNA of both Piezol and Piezo?2 in the
NG of SHR were significantly lower than that of WKY rats by 27.8% (P < 0.001) and
15.2% (P < 0.01), respectively (Fig. 1B). Immunostaining assays were also performed
(Fig. 1C). In the NG neurons of WKY rats, the immunofluorescence (IF) of Piezo2
was obviously displayed, however, the IF of Piezol was hardly detected (Fig. 1C).
Moreover, the IF intensity of Piezo2 in the NG neurons of SHR was significantly
reduced by 25% (P < 0.001), while, the IF intensity of Piezol had no significant
alterations (Fig. 1C & D). Both gPCR and immunostaining assays indicated that
Piezo2 expressed at higher levels in the NG of WKY rats and significantly
downregulated in the NG of SHR (Fig. 1B-D). Consistent with these results, western
blot assay clearly showed that Piezo2 but not Piezol dominantly expressed in the NG
of WKY rats, and its expression was significantly reduced by 32.2% (P < 0.001) in
the NG of SHR (Fig. 1E). Indeed, gPCR assay showed that Piezo2 expression was
about 12.5-fold higher than that of Piezol (P < 0.001) at the mRNA level in the NG of
WAKY rats (Fig. 1F). These results indicate that Piezo2 dominantly expresses in NG
neurons of normotensive WKY rats and significantly downregulated in NG neurons of

SHR.
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We then used drug-induced hypertensive model rats to address whether Piezo2
expression is also downregulated in their NG neurons. As shown in Figure 2A and 2B,
L-NNA- and Ang Il-induced hypertensive animal models were performed. These two
types of hypertensive model rats were characterized with higher SBP, DBP, MAP and
PP (Fig. 2A & B). Similar to SHR, qPCR, immunostaining and Western blot assays
congruously showed that the expression of Piezo2 in the NG neurons of both L-NNA-
and Ang Il-induced hypertensive rats was significantly downregulated while Piezol
kept no changes (Fig. 2C-K). The Piezo2 mRNA in the NG of L-NNA- and Ang 1I-
induced hypertensive model rats were decreased by 24.0% (P < 0.001) and 25.6% (P
< 0.05), respectively (Fig. 2C & D). The IF intensity of Piezo2 in the NG neurons of
L-NNA- and Ang Il-induced hypertensive rats were reduced by 32.7% (P < 0.001)
and 15.8% (P < 0.001), respectively (Fig. 2G & H). In addition, the Piezo2 protein
were decreased by 12.3% (P < 0.05) and 30.0% (P < 0.05), respectively in the NG of
L-NNA- and Ang Il-induced hypertensive model rats (Fig. 21-K). Taken together,
these results demonstrate that Piezo2 not Piezol dominantly expresses in NG neurons
of normal BP rats. Piezo? is significantly downregulated in hypertensive rats, which
strongly indicates that Piezo2 expression in NG neurons may play an essential role in
the development of hypertension.

3.2 The expression and activity of Piezo2 MA channels were downregulated in
baroreceptor NG neurons in hypertensive rats

NG neurons includes different types of sensory neurons innervated the lungs,
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gastrointestinal tract, heart and aortic arch [2%2"], The NG neurons innervating aortic
arch are named baroreceptor neurons, and its nerve endings express the baroreceptors
[228] In addition, NG baroreceptor neurons specifically expressed neuronal isoform of
nitric oxide synthase (NNOS) [2%3% therefore nANOS-positive NG neurons could
represent baroreceptor neurons. To test the alteration of Piezol and Piezo2 in NG
baroreceptor neurons in hypertensive rats, immunostaining assays were performed in
nNOS positive NG neurons. In WKY rats, Piezol and Piezo2 were almost expressed
in all nNOS-positive NG neurons (Fig. 3A & B), and 34.8% of Piezol- and 30.0% of
Piezo2-positive NG neurons were overlaped with nNOS (Fig. 3A-C). Neither
nNOS/Piezol- nor nNOS/Piezo2-positive populations of neurons showed significant
difference between WKY rats and SHR (Fig. 3C, P > 0.05). In SHR, the IF intensity
of Piezo2 in nNOS-positive NG neurons was significantly reduced by 30.2% (P <
0.001), while no significant changes were observed for Piezol (P > 0.05) (Fig. 3D).
Piezol and Piezo2 were identified as bona fide mammalian mechanically-activated
(MA) ion channels 61, We then performed patch clamp recordings to address the MA
currents in aortic baroreceptor NG neurons and to compare the difference in MA
currents between WKY rats and SHR. Based on their inactivation kinetics (also
known as decay time constant, t), the MA currents were classified into three types,
including rapidly adapting (RA, T < 10 ms), intermediately adapting (IA, 10 ms <t <
30 ms) and slowly adapting (SA, t > 30 ms) [¥1:32, Piezo1 and Piezo2 were sufficient

to mediate IA- and RA-MA currents, respectively (161, In this experiment, retrogradely
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labelled aortic baroreceptor NG neurons by Dil 12131 dye from the aortic depressor
nerve were selected for evoking MA currents with mechanical stimulation (Fig. 4A &
B). In WKY rats, 46.8% (29 out of 62) of baroreceptor NG neurons showed RA-MA
currents. Only small amount of baroreceptor NG neurons (9.7% and 8.1%,
respectively) displayed IA- and SA-MA currents (Fig. 4C & D). The proportion of
RA-MA type baroreceptor NG neurons was significantly reduced to 20.5% in SHR
(Fig. 4C & D, P < 0.05). While the proportion of non-responsive (NR) baroreceptor
NG neurons was significantly increased from 35.5% in WKY rats to 68.2% in SHR
(Fig. 4D; P < 0.05). There were no significantly differences in the percentages of
baroreceptor NG neurons with 1A- and SA-MA currents between WKY rats and SHR
(6.9% for IA-MA, P > 0.05 and 4.6% for SA-MA, P > 0.05) (Fig. 4D). More
importantly, the RA-MA current densities of baroreceptor NG neurons were
significantly reduced in SHR (Fig. 4C & E). There was ~5-fold reduction on the RA-
MA current density at the membrane displacement stimulation of 13 pm (Fig. 4E, P <
0.05). Furthermore, single-cell PCR was performed with the retrogradely labelled
baroreceptor NG neurons (Supplementary figure 1A). Consistent with the
electrophysiological analysis, the proportion of Piezo2-positive neurons was markedly
reduced from 89.4% in WKY rats to 66.7% in SHR (Supplementary figure 1B, P <
0.01). Taken together, these results indicate that the expression and function of
Piezo2/RA-MA channel are downregulated in aortic baroreceptor NG neurons in

SHR. Moreover, the Piezol/IA-MA current densities of baroreceptor NG neurons
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have no significant change between WKY and SHR (Supplementary figure 2A & B).
While the SA-MA current densities of baroreceptor NG neurons were also
significantly reduced in SHR (Supplementary figure 2C & D), which was consistent
with the findings of a previous study %I,

To further determine the RA-MA currents were mediated by Piezo2 channels in NG
neurons, we recorded the whole-cell MA currents from cultured NG neurons which
were transfected with scrambled shRNA and Piezo2 shRNA (n = 33 neurons for
scrambled shRNA and n = 48 neurons for Piezo2 shRNA), respectively
(Supplementary figure 3). After knocking down the expression of Piezo2 by shRNA,
the proportion and current amplitude of RA-MA currents were significantly reduced
(proportion in Piezo2 shRNA group, 18.8%, compared with that of scrambled shRNA
group, 39.4%, P < 0.05, Supplementary figure 3B). While, the proportions of 1A- and
SA-MA currents kept no significant changes (Supplementary figure 3B).

3.3 The expression of Piezo2 was downregulated in aortic baroreceptor nerve
endings

We then tested the expression of Piezol and Piezo2 and their alterations in the aortic
baroreceptor nerve endings in normotensive WKY rats and SHR by immunostaining
assay. The aortic baroreceptor nerve endings were specifically labelled by 3,3'-
Dioctadecyl-5,5'-Di(4-Sulfophenyl) Oxacarbocyanine, Sodium Salt (SP-DiO). In
WKY rats, Piezo2 was obviously identified in aortic baroreceptor nerve endings,

whereas Piezol was hardly detected (Fig. 5A-C), which was consistent with the
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characteristics of Piezol and Piezo2 expression in baroreceptor NG neurons.
Moreover, Piezo2 expression was significantly downregulated in aortic baroreceptor
nerve endings of SHR (70.7 £ 5.1 A.U.) compared with WKY rats (140.9 + 159 A.U.,
P <0.001), while, Piezol expression did not show any alterations (Fig. 5A-C). Taken
together, these results strongly suggest that Piezo2 not Piezol may act as baroreceptor
in the baroreceptive reflex to modulate arterial BP.

3.4 Knocking down or blocking Piezo2 MA channels in NG resulted in
hypertension

Above results suggested that the Piezo2 could be the modulator of BP. Inhibition of
the function of Piezo2 theoretically could upregulate the BP through impaired
baroreflex. To test this hypothesis, carotid artery intubation method was used to
measure the arterial BP in rats. Firstly, the Piezos inhibitor GsSMTx4 (100 pmol/L, 2
uL) B4 was slowly injected into the left NG of WKY rats and the arterial BP was
significantly elevated (Fig. 6A & B). The alteration of SBP (ASBP), ADBP, AMAP
and APP were significantly increased in GsMTx4 group (21.9 +6.5, 14.6 £5.3, 19.1
5.0 and 7.2 £ 3.3 mmHg, respectively) compared to that of control group (-3.4 + 2.0,
P<0.01;-1.3+1.6,P<0.05;-23+0.9,P<0.01 and -2.0 £ 1.2 mmHg, P < 0.05;
respectively). (Fig. 6A & B). While Yodal (the specific Piezol agonist) showed no
effects on the arterial BP when it was slowly injected into NG in WKY rats
(Supplementary figure 4A). These results indicate that targeting Piezo2 not Piezol

may modulate arterial BP through affecting baroreflex.
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To determine the exact role of Piezol and Piezo2 in regulating arterial BP in long
term, shRNA lentiviral particles were directly injected into NG to knock down the
expression of Piezos. WKY rats was randomly divided into three groups (Scrambled,
Piezol and Piezo2 shRNA) after evaluation of BP with tail-cuff method
(Supplementary figure 4B). Scrambled shRNA lentiviral particles were used as
control. After infection for 15 days, the expression of Piezol and Piezo2 in NG was
significantly reduced by shRNA interference (Supplementary figure 4C & D).
Importantly, the BP (SBP, DBP and MAP) and serum norepinephrine (NE)
concentrations in Piezo2 shRNA group rats rather than Piezol shRNA group rats were
significantly elevated (Fig. 6C-E). These results further indicate that Piezo2 not
Piezol may act as baroreceptor and its downregulation results in hypertension.

To evaluate whether baroreceptor sensitivity was affected by knocking down Piezos
in NG, we tested the function of baroreflex in response to PE among the above three
groups of rats. Intravenous infusion of PE at a rate of 200 uL/min (50 pg/kg)
produced a transient increase in SBP and a consequent decrease in heart rate (HR)
through baroreflex (Fig. 6F). In Piezo2 shRNA group rats, the SBP elevation induced
by PE (94.5 = 1.9 mmHg) was significantly higher than control (77.1 £ 1.7 mmHg, P
<0.05) (Fig. 6F & G). The PE-induced reduction in HR (287 + 12 bpm for scrambled
ShRNA group vs. 134 + 6 bpm for Piezo2 shRNA group, P < 0.01) and baroreflex
sensitivity (AHR/ASBP, 3.8 = 0.2 bpm/mmHg for Scrambled shRNA group vs. 1.4 +

0.1 bpm/mmHg for Piezo2 shRNA group, P < 0.01) was obviously attenuated in
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Piezo2 shRNA group rats (Fig. 6F & G). Whereas, Piezol shRNA group rats did not
show any significant alterations in the SBP (76.9 £ 1.8 mmHg, P > 0.05), HR (247 £
8 bpm, P > 0.05) and baroreflex sensitivity (3.3 + 0.1 bpm/mmHg, P > 0.05) (Fig. 6F
& G). Taken together, these results strongly indicate that Piezo2 rather than Piezol act
as baroreceptor and its down-regulation significantly impaired the baroreflex and
induced hypertension in rats.
3.5 Nedd4-2 was involved in the downregulation of Piezo2 in NG in hypertensive
rats
Next, we explored the mechanism underlying the downregulation of Piezo2 in
baroreceptor NG neurons in hypertensive rats. Piezo2 possesses a conserved PY-
motif, PPSY (at the site of 1828-1831, 1796-1799 and 1898-1901 in human, rat and
mouse Piezo2, respectively), located in the intracellular domain [*6%°] (Fig. 7A). PPSY
is well known to interact with the WW domains of E3 ubiquitin ligase Nedd4-2 [361,
Once binding to Nedd4-2, the PY-motif were preferentially orchestrated their
internalization and subsequent degradation or recycling by Nedd4-2 81, Numerous
studies have demonstrated that ion channels possessing PY-motifs (such as KCNQ,
ENaC and voltage-gated sodium channel (Nay) (Fig. 7A) were downregulated by
Nedd4-2 B7-401 Therefore, we hypothesis Piezo2 could be downregulated by Nedd4-2.
To test the hypothesis, we first tested the possible interaction between Piezo2 and
Nedd4-2 in native NG and in HEK 293T cells co-expressed Piezo2 and Nedd4-2. Co-

IP analysis revealed that both Piezo2 and Nedd4-2 bands were detected in IP-Nedd4-2
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and IP-Piezo2 experiments either in HEK 293T cells co-expressed Piezo2 and Nedd4-
2 (Fig. 7B) or in rat NG (Fig. 7C). Nedd4-2 and Piezo2 obviously pulled down each
other both in HEK 293T cells co-expressed Piezo2 and Nedd4-2 (Fig. 7B) and in rat
NG (Fig. 7C). In addition, immunostaining assays found that the IF intensity of
Nedd4-2 was significantly increased in the nNOS-positive baroreceptor NG neurons
of SHR (109.8 + 5.8 A.U., P <0.001), compared with WKY rats (79.8 + 4.1 A.U.)
(Fig. 7D). These results indicated that Nedd4-2 interacted with Piezo2 in baroreceptor
NG neurons and negatively regulated Piezo2 expression in NG neurons of SHR.

To further determine Nedd4-2 negatively regulated Piezo2, whole-cell patch clamp
experiments were performed in HEK 293T cells, which were expressed Piezo2 plus
Nedd4-2 or alone. Indeed, Piezo2 MA current densities were significantly reduced in
Piezo2 co-expression with Nedd4-2 group by 64.8% compared to Piezo2 group under
10-um mechanical stimulation (Fig. 8A & B). Moreover, the threshold (P < 0.01) and
latency (P < 0.05) for evoking Piezo2 MA currents were significantly increased in
Piezo2 co-expression with Nedd4-2 group (Fig. 8C). There was no significant
difference in the current decay time between these two groups (P > 0.05) (Fig. 8C).
Taken together, these results suggested that Nedd4-2 negatively regulated Piezo2 MA

channel activities.

4 Discussion
The major findings of this study are as following: 1) Piezo2 rather than Piezol is

dominantly expressed in baroreceptor NG neurons in rats; 2) downregulation of
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Piezo2 expression in baroreceptor NG neurons induces hypertension in rats; 3)
Nedd4-2, at least partially, is involved in the downregulation of Piezo2 in
baroreceptor NG neurons, by which may result in hypertension in rats.

In mammals, baroreceptors initiate the baroreflex to buffer any deviation of arterial
BP through the negative feedback control of sympathetic and parasympathetic
activities [228], Baroreceptors are mechanotransduction device that located in
baroreceptor nerve terminals. It can sense the stretch stimulation from the vascular
wall induced by phasic pulsatile changes as well as acute fluctuation of arterial BP
and convert these mechanical signals into electrical signals 2341, Previous studies
have reported that yENaC 112 ASIC2 [ and TRPC5 2% are likely to serve as
baroreceptors. However, mechanically activated Piezo channels (both Piezol and
Piezo?2) are recently identified as bona fide baroreceptors to regulate arterial BP 1.
Double knockout of Piezol and Piezo2 results in labile hypertension and increases BP
variability ¥I. Thus, the molecular nature of baroreceptor has been re-evaluated #2441,
though some criteria of baroreflex function are not fully satisfied by Piezo1/Piezo2
yet (31 In the present study, we have further studied the role of Piezol and Piezo2 in
baroreceptor neurons and nerve terminals in regulation of BP using normotensive and
hypertensive rats. Interestingly, our results displayed that Piezo2 is dominantly
expressed in NG neurons and baroreceptor nerve terminals. And the majority of
baroreceptor NG neurons in rats have rapidly adapting type of mechanically-activated

(RA-MA\) currents (Fig. 4) which are mediated by Piezo2 [*®1. To our best knowledge,
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this is the first time to describe RA-MA currents in baroreceptor neurons.
Furthermore, Piezo2 expression as well as RA-MA current densities have been
significantly reduced in hypertensive rats. In normotensive rats, the arterial BP was
significantly elevated either by inhibiting Piezo2 MA channel activity or by knocking
down Piezo2 expression in baroreceptor NG neurons. In contrast, the expression of
Piezol in baroreceptor neurons and nerve terminals is hardly detected in
normotensive rats and does not show any difference from that of hypertensive rats.
Moreover, knockdown of Piezol in baroreceptor NG neurons does not induce any
changes in arterial BP. Overall, our study indicates that Piezo2 not Piezol may act as
baroreceptor to regulate arterial BP in rats. Our study demonstrates the species
specificity of Piezol and Piezo2 baroreceptors between rats and mice 1. However, it
is hard to know the precise role of Piezol and Piezo2 in baroreflex in human due to
the limitations. In mouse, Piezol and Piezo2 express at similar levels in baroreceptor
neurons, but disruption of Piezol or Piezo2 alone in baroreceptor neurons has no
effect on BP [, One plausible explanation is that Piezo1 and Piezo2 may compensate
each other under the single gene knockout condition to maintain normal force-sensing
function. Increasing evidence demonstrates this view is logical. For example, TRPV4
compensates for the deficiency of TRPV3 in cochlear hair cells to maintain normal
hearing in mice [“®l. In hypertensive rats, Piezol expression may be too low to
compensate the downregulation of Piezo2 there by impairs baroreflex.

It has been suggested over time that baroreceptor mechanism only contributes to
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short-term (within seconds and minutes) BP regulation (748, This point is originally
proposed in the 1970s by Cowley, that complete arterial baroreceptor denervation
only leads to an initial increase in arterial BP while the long-term BP is normal %],
However, this view ignores the resetting mechanism of the central nervous system
(CNS) associated with neuroplasticity %, Resetting mechanism allows BP to rise to
higher levels which perhaps results from an upward resetting of a CNS embodied set-
point 5951 In fact, resetting mechanism depends upon the reduced (or impaired)
baroreflex rather than totally eliminated baroreflex 2. Indeed, numerous studies have
demonstrated that impaired baroreflex results in profound chronic hypertension not
only in animals 354 but also in human subjects %7, Therefore, increasing the
activity of baroreflex or recovering the activity of impaired baroreflex is a valuable
strategy to treat hypertension. According to this theory, several studies have suggested
that electric field stimulation of baroreceptors (also known as baroreceptor activation
therapy) reduces arterial BP in patients with drug treatment-resistant hypertension [*-
Y Thus, determination of baroreceptors’ nature is benefit for providing precise target
for hypertension therapy. In Zeng et al’s research, Piezol and Piezo2 are together
identified as baroreceptors in mice, double knockout of them in Phox2b-positive
neurons results in hypertension 1. It is worth noting that Phox2b-positive neurons are
not exactly the same as baroreceptor neurons [°l. Piezo baroreceptors and baroreflex
could be partially remained in Phox2bCre:Piezo KO mice. The remained

baroreceptors may induce long-term hypertension through resetting mechanism. In
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this study, knocking down the expression of Piezo2 in baroreceptor NG neurons
obviously induces hypertension in rats. The remained Piezo2 baroreceptor may induce
long-term hypertension through resetting mechanism. Thus, Piezo channel especially
Piezo2 may act as baroreceptor to regulate arterial BP in mammals. Piezo2
downregulation results in impaired baroreflex consequently dysregulation of BP
including hypertension. In future, discovering small molecules to selectively activate
Piezo2 baroreceptors is useful therapeutic treatment for hypertension.

In this study, we have found that Piezo2 expression was downregulated in
baroreceptor NG neurons and nerve terminals in hypertensive rats. Moreover, in
normotensive rats, downregulation of Piezo2 expression in NG neurons could induce
hypertension. Then a question is raised as what mechanism mediates the
downregulation of Piezo2 to develop hypertension? Up to now, little is known about
the modulation of Piezo2. In the present study, we have found that Piezo2 possessed a
PY motif which could be recognized and binded by the E3 ubiquitin ligase Nedd4-2
through its WW domain. Nedd4-2 then induces ubiquitination of target substrates by
covalently attaching ubiquitin, a highly conserved polypeptide of 76 AA, to their
lysine residues 6581, Subsequently, Nedd4-2-induced ubiquitination preferentially
orchestrated substrate proteins internalization and degradation or recycling, whereby
the degree of ubiquitination determines the expression density of substrate proteins in
cell surface 6581, In the present study, we have found that Nedd4-2 is interacted with

Piezo2 not only in rat NG neurons but also in HEK 293T cells co-expressed with
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Nedd4-2 and Piezo2. Piezo2 MA current densities also have been reduced when
Piezo2 was co-expressed with Nedd4-2 in HEK 293T cells. Moreover, the Nedd4-2
expression was up-regulated and the RA-MA current densities was downregulated,
respectively, in baroreceptor NG neurons of hypertensive rats. In the future, studies on
the internalization structure (through the formation of caveolae and/or clathrin-coated
pits) used by Piezo2, the degradation product of Piezo2, the degradation pathway
(through proteasome and/or lysosome pathway), the cellular mechanosensitivity and
its role in other diseases should be addressed. Consistent to our results, previous
studies have shown that Nedd4-2 induces ubiquitination and downregulation of
numerous ion channels such as KCNQ, ENaC, voltage-gated Na* channels 7401,
Knockout of Nedd4-2 leads to up-regulated the membrane expression of voltage-
gated Na* channel (VGSC) Nay1.7 in dorsal root ganglion (DRG) sensory neurons 71,
Thus we speculated that the degradation of Piezo2 in baroreceptor neurons could be
induced by Nedd4-2 that ultimately resulted in the elevation of BP in hypertensive rat.
To our best knowledge that this study is first time to describe a novel mechanism for
downregulation of Piezo2 expression. As a result, our study have found a distinct
mechanism in downregulation of Piezo2 expression in baroreceptor neurons in
hypertensive rats. Future investigations for suppressing Nedd4-2 in baroreceptor
neurons may develop precise treatment of hypertension for increasing the expression

of Piezo2 baroreceptor.
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5 Conclusions

In summary, our study demonstrates that Piezo2 not Piezol acts as baroreceptor in
rats; downregulation of Piezo2 baroreceptor by Nedd4-2 induces hypertension. Our
findings provide novel insight into the molecular basis of baroreceptor and
hypertension in mammals that can be applied to the development of strategies to treat
hypertension in humans.

Funding

This work was supported by NSFC grant 81571080 (ZJ), 81872848 (WZ), 81803509
(Z2Y), 91732108 and 81871075 (HZ); and National Major Special Project on New
Drug Innovation grant 20182X09711001-004-003 (WZ); the central government
guiding local funding project for scientific and technological development
206Z7703G (ZJ); the Hebei Natural Science Foundation H2018206641 (WZ),
H2015206240 and H2020206165 (ZJ), H2019206038 (DK); Science and Technology
Research Project of Hebei Colleges ZD2020107 and ZD2017053 (ZJ); Hebei High-

level Talent Funding Project A2017010068 (WZ).

Author contributions
WZ and ZJ designed the research; LH, YG, DZ, SW, YH, HM, ZY, XQ, RW, DK and
HB performed the experiments; LH, YG, DZ, and WZ analyzed the data; ZJ, WZ, HZ

and LH wrote the manuscript. All authors approved the final version of the

35



manuscript.

Declaration of Competing Interest

The authors declare no potential conflicts of interest.
Conflict of interest

The authors declare no potential conflicts of interest.

36



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Wehrwein EA and Joyner MJ. Regulation of blood pressure by the arterial
baroreflex and autonomic nervous system. Handb Clin Neurol. 2013;117:89-102.
Kirchheim HR. Systemic arterial baroreceptor reflexes. Physiological reviews.
1976;56:100-177.

Zeng WZ, Marshall KL, Min S, Daou |, Chapleau MW, Abboud FM, Liberles SD
and Patapoutian A. PIEZOs mediate neuronal sensing of blood pressure and the
baroreceptor reflex. Science. 2018;362:464-467.

Mancia G and Grassi G. The autonomic nervous system and hypertension.
Circulation research. 2014,114:1804-1814.

Mortara A, La Rovere MT, Pinna GD, Prpa A, Maestri R, Febo O, Pozzoli M,
Opasich C and Tavazzi L. Arterial baroreflex modulation of heart rate in chronic
heart failure: clinical and hemodynamic correlates and prognostic implications.
Circulation. 1997;96:3450-3458.

La Rovere MT, Bigger JT, Jr., Marcus FI, Mortara A and Schwartz PJ. Baroreflex
sensitivity and heart-rate variability in prediction of total cardiac mortality after
myocardial infarction. ATRAMI (Autonomic Tone and Reflexes After Myocardial
Infarction) Investigators. Lancet (London, England). 1998;351:478-484.
Robinson TG, Dawson SL, Eames PJ, Panerai RB and Potter JF. Cardiac

baroreceptor sensitivity predicts long-term outcome after acute ischemic stroke.

37



Stroke. 2003;34:705-712.

[8] LuY, Ma X, Sabharwal R, Snitsarev V, Morgan D, Rahmouni K, Drummond HA,
Whiteis CA, Costa V, Price M, Benson C, Welsh MJ, Chapleau MW and Abboud
FM. The ion channel ASIC2 is required for baroreceptor and autonomic control
of the circulation. Neuron. 2009;64:885-897.

[9] Mohaupt MG, Schmidli J and Luft FC. Management of uncontrollable
hypertension with a carotid sinus stimulation device. Hypertension. 2007;50:825-
828.

[10]Heusser K, Tank J, Engeli S, Diedrich A, Menne J, Eckert S, Peters T, Sweep FC,
Haller H, Pichlmaier AM, Luft FC and Jordan J. Carotid baroreceptor stimulation,
sympathetic activity, baroreflex function, and blood pressure in hypertensive
patients. Hypertension. 2010;55:619-626.

[11] Tohyama T, Hosokawa K, Saku K, Oga Y, Tsutsui H and Sunagawa K. Smart
Baroreceptor Activation Therapy Strikingly Attenuates Blood Pressure Variability
in Hypertensive Rats With Impaired Baroreceptor. Hypertension.
2019:HYPERTENSIONAHA11913673.

[12]Drummond HA, Price MP, Welsh MJ and Abboud FM. A molecular component
of the arterial baroreceptor mechanotransducer. Neuron. 1998;21:1435-1441.

[13]Lau OC, Shen B, Wong CO, Tjong YW, Lo CY, Wang HC, Huang Y, Yung WH,
Chen YC, Fung ML, Rudd JA and Yao X. TRPC5 channels participate in

pressure-sensing in aortic baroreceptors. Nat Commun. 2016;7:11947.

38



[14]Drew LJ, Rohrer DK, Price MP, Blaver KE, Cockayne DA, Cesare P and Wood
JN. Acid-sensing ion channels ASIC2 and ASIC3 do not contribute to
mechanically activated currents in mammalian sensory neurones. The Journal of
physiology. 2004;556:691-710.

[15]Roza C, Puel JL, Kress M, Baron A, Diochot S, Lazdunski M and Waldmann R.
Knockout of the ASIC2 channel in mice does not impair cutaneous
mechanosensation, visceral mechanonociception and hearing. The Journal of
physiology. 2004;558:659-69.

[16]Coste B, Mathur J, Schmidt M, Earley TJ, Ranade S, Petrus MJ, Dubin AE and
Patapoutian A. Piezol and Piezo2 are essential components of distinct
mechanically activated cation channels. Science. 2010;330:55-60.

[17]Xu XZ. Demystifying Mechanosensitive Piezo lon Channels. Neuroscience
bulletin. 2016;32:307-309.

[18]Ranade SS, Woo SH, Dubin AE, Moshourab RA, Wetzel C, Petrus M, Mathur J,
Begay V, Coste B, Mainquist J, Wilson AJ, Francisco AG, Reddy K, Qiu Z, Wood
JN, Lewin GR and Patapoutian A. Piezo2 is the major transducer of mechanical
forces for touch sensation in mice. Nature. 2014;516:121-125.

[19]Li J, Hou B, Tumova S, Muraki K, Bruns A, Ludlow MJ, Sedo A, Hyman AJ,
McKeown L, Young RS, Yuldasheva NY, Majeed Y, Wilson LA, Rode B, Bailey
MA, Kim HR, Fu Z, Carter DA, Bilton J, Imrie H, Ajuh P, Dear TN, Cubbon RM,

Kearney MT, Prasad RK, Evans PC, Ainscough JF and Beech DJ. Piezol

39



integration of vascular architecture with physiological force. Nature.
2014;515:279-282.

[20]Nonomura K, Woo SH, Chang RB, Gillich A, Qiu Z, Francisco AG, Ranade SS,
Liberles SD and Patapoutian A. Piezo2 senses airway stretch and mediates lung
inflation-induced apnoea. Nature. 2017;541:176-181.

[21]Murthy SE, Dubin AE and Patapoutian A. Piezos thrive under pressure:
mechanically activated ion channels in health and disease. Nature reviews
Molecular cell biology. 2017;18:771-783.

[22]Ikeda R, Cha M, Ling J, Jia Z, Coyle D and Gu JG. Merkel cells transduce and
encode tactile stimuli to drive Abeta-afferent impulses. Cell. 2014;157:664-675.

[23]Russell A, Banes A, Berlin H, Fink GD and Watts SW. 5-Hydroxytryptamine(2B)
receptor function is enhanced in the N(omega)-nitro-L-arginine hypertensive rat.
The Journal of pharmacology and experimental therapeutics. 2002;303:179-187.

[24]Ceravolo GS, Fernandes L, Munhoz CD, Fernandes DC, Tostes RC, Laurindo
FR, Scavone C, Fortes ZB and Carvalho MH. Angiotensin Il chronic infusion
induces B1 receptor expression in aorta of rats. Hypertension. 2007;50:756-761.

[25]Zhang F, Gigout S, Liu Y, Wang Y, Hao H, Buckley NJ, Zhang H, Wood IC and
Gamper N. Repressor element 1-silencing transcription factor drives the
development of chronic pain states. Pain. 2019;160:2398-2408.

[26]Jia Z, keda R, Ling J, Viatchenko-Karpinski V and Gu JG. Regulation of Piezo2

Mechanotransduction by Static Plasma Membrane Tension in Primary Afferent

40



Neurons. J Biol Chem. 2016;291:9087-9104.

[27]Williams Erika K, Chang Rui B, Strochlic David E, Umans Benjamin D, Lowell
Bradford B and Liberles Stephen D. Sensory Neurons that Detect Stretch and
Nutrients in the Digestive System. Cell. 2016;166:209-221.

[28] Kumada M, Terui N and Kuwaki T. Arterial baroreceptor reflex: its central and
peripheral neural mechanisms. Prog Neurobiol. 1990;35:331-361.

[29]Li Z, Chapleau MW, Bates JN, Bielefeldt K, Lee HC and Abboud FM. Nitric
oxide as an autocrine regulator of sodium currents in baroreceptor neurons.
Neuron. 1998;20:1039-1049.

[30]Lin LH and Talman WT. Vesicular glutamate transporters and neuronal nitric
oxide synthase colocalize in aortic depressor afferent neurons. J Chem Neuroanat.
2006;32:54-64.

[31]Drew LJ, Wood JN and Cesare P. Distinct mechanosensitive properties of
capsaicin-sensitive and -insensitive sensory neurons. J Neurosci. 2002;22:RC228.

[32]Hu J and Lewin GR. Mechanosensitive currents in the neurites of cultured mouse
sensory neurones. The Journal of physiology. 2006;577:815-28.

[33]Lu HJ, Nguyen TL, Hong GS, Pak S, Kim H, Kim H, Kim DY, Kim SY, Shen Y,
Ryu PD, Lee MO and Oh U. Tentonin 3/TMEM150C senses blood pressure
changes in the aortic arch. The Journal of clinical investigation. 2020;130:3671-
3683.

[34] Alcaino C, Knutson K, Gottlieb PA, Farrugia G and Beyder A. Mechanosensitive

41



ion channel Piezo2 is inhibited by D-GsMTx4. Channels. 2017;11:245-253.

[35]Wang L, Zhou H, Zhang M, Liu W, Deng T, Zhao Q, Li Y, Lei J, Li X and Xiao
B. Structure and mechanogating of the mammalian tactile channel PIEZO2.
Nature. 2019;573:225-229.

[36]Lamothe SM and Zhang S. Chapter Five - Ubiquitination of lon Channels and
Transporters. Prog Mol Biol Transl Sci. 2016;141:161-223.

[37]Laedermann CJ, Cachemaille M, Kirschmann G, Pertin M, Gosselin RD, Chang
I, Albesa M, Towne C, Schneider BL, Kellenberger S, Abriel H and Decosterd 1.
Dysregulation of voltage-gated sodium channels by ubiquitin ligase NEDDA4-2 in
neuropathic pain. The Journal of clinical investigation. 2013;123:3002-3013.

[38]van Bemmelen MX, Rougier JS, Gavillet B, Apotheloz F, Daidie D, Tateyama M,
Rivolta I, Thomas MA, Kass RS, Staub O and Abriel H. Cardiac voltage-gated
sodium channel Nav1.5 is regulated by Nedd4-2 mediated ubiquitination.
Circulation research. 2004;95:284-291.

[39]Jespersen T, Membrez M, Nicolas CS, Pitard B, Staub O, Olesen SP, Baro | and
Abriel H. The KCNQ1 potassium channel is down-regulated by ubiquitylating
enzymes of the Nedd4/Nedd4-like family. Cardiovasc Res. 2007;74:64-74.

[40]Zhou R, Patel SV and Snyder PM. Nedd4-2 catalyzes ubiquitination and
degradation of cell surface ENaC. J Biol Chem. 2007;282:20207-202012.

[41] Shepherd JT and Mancia G. Reflex control of the human cardiovascular system.

Rev Physiol Biochem Pharmacol. 1986;105:1-99.

42



[42]Ehmke H. The mechanotransduction of blood pressure. Science. 2018;362:398-
399.

[43]Allison SJ. PIEZOs in baroreceptor reflex. Nat Rev Nephrol. 2019;15:62.

[44]Miglis MG and Muppidi S. lon channels PIEZOs identified as the long-sought
baroreceptor mechanosensors for blood pressure control, and other updates on
autonomic research. Clin Auton Res. 2019;29:9-11.

[45] Stocker SD, Sved AF and Andresen MC. Missing pieces of the Piezol/Piezo2
baroreceptor hypothesis: an autonomic perspective. Journal of neurophysiology.
2019;122:1207-1212.

[46]Wang S, Geng Q, Huo L, MaY, Gao Y, Zhang W, Zhang H, Lv P and Jia Z.
Transient Receptor Potential Cation Channel Subfamily Vanilloid 4 and 3 in the
Inner Ear Protect Hearing in Mice. Front Mol Neurosci. 2019;12:296.

[47]Cowley AW, Jr. Long-term control of arterial blood pressure. Physiological
reviews. 1992;72:231-300.

[48] Osborn JW. Hypothesis: set-points and long-term control of arterial pressure. A
theoretical argument for a long-term arterial pressure control system in the brain
rather than the kidney. Clin Exp Pharmacol Physiol. 2005;32:384-393.

[49]Cowley AW, Jr., Liard JF and Guyton AC. Role of baroreceptor reflex in daily
control of arterial blood pressure and other variables in dogs. Circulation
research. 1973;32:564-576.

[50]Johnson AK, Zhang Z, Clayton SC, Beltz TG, Hurley SW, Thunhorst RL and Xue

43



B. The roles of sensitization and neuroplasticity in the long-term regulation of
blood pressure and hypertension. American journal of physiology Regulatory,
integrative and comparative physiology. 2015;309:R1309-1325.

[51]Guyenet PG. The sympathetic control of blood pressure. Nat Rev Neurosci.
2006;7:335-346.

[52] Thrasher TN. Baroreceptors, baroreceptor unloading, and the long-term control of
blood pressure. American journal of physiology Regulatory, integrative and
comparative physiology. 2005;288:R819-827.

[53]Crandall EE, Mc CH, Sukowski EJ and Wakerlin GE. Pathogenesis of
experimental hypertension produced by carotid sinus area constriction in dogs.
Circulation research. 1957,5:683-692.

[54]Burstyn PG, Horrobin DF and Lloyd 1J. Chronic hypertension in rabbits induced
by bilateral placement of rigid casts around the carotid sinus regions. Cardiovasc
Res. 1972;6:54-56.

[55]Holton P and Wood JB. The effects of bilateral removal of the carotid bodies and
denervation of the carotid sinuses in two human subjects. The Journal of
physiology. 1965;181:365-378.

[56]Robertson D, Hollister AS, Biaggioni I, Netterville JL, Mosqueda-Garcia R and
Robertson RM. The diagnosis and treatment of baroreflex failure. N Engl J Med.
1993;329:1449-1455.

[57]Heusser K, Tank J, Luft FC and Jordan J. Baroreflex failure. Hypertension

44



(Dallas, Tex : 1979). 2005;45:834-839.
[58]Rotin D and Kumar S. Physiological functions of the HECT family of ubiquitin

ligases. Nature reviews Molecular cell biology. 2009;10:398-409.

45



Figure legends

Figure 1
A WKY o wky B 0O WKY
125 | "WW“’ J‘ ! E 2507 .. = SHR 1.5~ = SHR
100 MI&F_HL Q %‘ Wil _ 2001 woxx 5 »
¥ *kk
SHR JC:) 150 1 o) % 1.0 1 el
2225 | ‘ g % 5
= A ‘JM" = 1001 3 O
il "{IMHWH' E -
SBP DBP MAP PP ' Piezo1l  Piezo2
. . D 0 WKY
C Piezo1 Tuj 1 Merge
15 m SHR
==
ﬁ-g 1.0 X
o O
g g‘é 0.5
[T
<=
Piezo1 Piezo2
8 A
FLESL
” Piezo1 — - 286 kd
& B-actin | == e . o | 43 kd
Piezo2 |— e 81kd
B-actin | === ew— e e 43 kd
Piezo2 15+ 0 WKY
@ m SHR
o2
> @ 10. Fkk
8 c
% ¢ 2051
o0l ‘
Piezo1 Piezo2
F ¢
€ 157 WKY ek
(%2}
x 2 2 10
& 3 3
< 5
x>
14 04
£ Piezol  Piezo2

Fig 1. The expression of Piezo2 was downregulated in NG neurons in SHR.
(A) Left, Representative blood pressure (BP) traces of normotensive WKY rats

(upper) and spontaneous hypertensive rats (SHR) (bottom). Right: Summary data of
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systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure
(MAP) and pulse pressure (PP) measured by carotid artery intubation method in
WKY rats (n =9) and SHR (n = 10). (B) Relative Piezol and Piezo2 mRNA
expression in NG in WKY rats (n = 12) and SHR (n = 11). (C) Representative
immunofluorescence (IF) images for Piezol (top) and Piezo2 (bottom) in NG neurons
of WKY rats and SHR. Tujl acts as neuronal marker. Scale bar, 25 um. (D) Summary
data of normalized IF intensities for Piezol (n = 106 in WKY rats group and n = 155
in SHR group) and Piezo2 (n = 86 in WKY rats group and n = 124 in SHR group). (E)
Representative Western blot assay (upper) and summary data (bottom) for the
expression of Piezol (n = 6 in WKY rats group and n = 6 in SHR group) and Piezo?2
(n =8 in WKY rats group and n = 8 in SHR group) in NG. (F) Relative mMRNA
expression of Piezol and Piezo2 in NG in WKY rats (n = 11). Data are shown as

*hKk

mean + SEM. P < 0.01, ™™P < 0.001. Error bars indicate SEM.
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Figure 2
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Fig 2. The expression of Piezo2 was downregulated in NG in hypertensive model
rats. (A) Representative BP traces of control rats (Cont, upper), L-NNA-induced
hypertensive model rats (L-NNA, middle) and Ang ll-induced hypertensive model
rats (Ang Il, bottom). (B) Summary data of SBP, DBP, MAP and PP in Cont (n = 12)

and L-NNA (n = 13) and Ang Il (n = 11) group rats. (C) Relative Piezol and Piezo2
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MRNA expression in NG in Cont (n =7) and L-NNA (n = 6) group rats. (D) Relative
Piezol and Piezo2 mRNA expression in NG in Cont (n = 6) and Ang Il (n = 6) group
rats. (E, F) Representative IF images for Piezol (E) and Piezo2 (F) in NG neurons of
Cont and L-NNA group rats, respectively. Tujl acts as neuronal marker. Scale bar, 25
um. (G) Summary data of normalized IF intensity for Piezol (n = 64 in Cont group
and n =47 in L-NNA group) and Piezo2 (n = 76 in Cont and n = 87 in L-NNA group)
in NG neurons. (H) Summary data of normalized IF intensity for Piezol (n = 116 in
Contand n = 301 in Ang Il group) and Piezo2 (n = 106 in Cont and n =294 in Ang Il
group) in NG neurons. (I, J) Representative Western blot assay (l) and summary data
(J) for the expression of Piezol (n =5 in Cont and n = 6 in L-NNA group) and Piezo2
(n=4in Contand n =5 in L-NNA group) in NG. (K) Summary data for the
expression of Piezol (n =4 in Contand n = 3 in Ang Il group) and Piezo2 (n =6 in
Contand n =6 in Ang Il group) in NG in Cont and Ang Il group rats. Data are shown

as mean + SEM. P < 0.05, *"*#P < 0.001. Error bars indicate SEM.
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Figure 3
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Fig3. The expression of Piezo2 was downregulated in nNOS-positive
baroreceptor NG neurons of SHR. (A, B) Representative images showing the
immunoreactivity to Piezol (A, green) and Piezo2 (B, green) in NG neurons in WKY
rats (top) and SHR (bottom), respectively. The right three panels were extended from
the square in left panel. NNOS (red) acts as the marker of baroreceptor NG neurons.
Scale bar, 100 um and 25 um, respectively. (C) Histograms of the percentage of
nNOS-positive NG neurons in Piezol-positive and Piezo2-positive NG neurons. (D)
Summary data of normalized IF intensity for Piezol (n = 72 in WKY rats and n = 54
in SHR) and Piezo2 (n = 154 in WKY rats and n = 127 in SHR) in nNOS-positive NG

*hk

neurons. Data are shown as mean + SEM. =P < 0.001. Error bars indicate SEM.



Nodose ganglion
(NG)

Aortic Depressor Nerve £
(ADN)

Nerve endings

WKY

m

SHR

100 pA

200 ms

NG meurons type %)

RA-MA current
density (pA/pF)

o

100 4

Figure 4

Retrogradely labeled
NG neurons (Dil)

CNR
Bl SA

=3 A
El RA

D

N

N

1 3 5 7 9

WKY SHR

-~ WKY *

11

13
Membrane displacement (um)

Fig 4. RA-MA current densities was reduced in baroreceptor NG neurons of

SHR. (A) The schematic of aortic arch baroreceptor nerve terminals afferent to NG,

showing Dil retrogradely labelled aortic baroreceptor NG neurons. (B) Representative

images showed the retrogradely labelled baroreceptor NG neuron by Dil dye (red)

were used to record MA currents. (C) RA-MA current traces in aortic baroreceptor

NG neurons in WKY rats (middle) and SHR (bottom) were evoked by the stimulus

probe with a series of poking displacement steps (upper). (C) Proportion of MA (RA,
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IA and SA) currents in baroreceptor NG neurons in WKY rats (46.8%, 9.7% and
8.1%, respectively) and SHR (20.5%, 6.8% and 4.6%, respectively). NR indicated
non-responsive cells. (D) Summary data of RA-MA current densities with different
displacement distances in baroreceptor NG neurons in WKY rats (black solid circles)
and SHR (red solid circles). Data are shown as mean = SEM. “P < 0.05, “P < 0.01.

Error bars indicate SEM.
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Fig 5. The expression of Piezo2 was downregulated at aortic arch baroreceptor
nerve terminals in SHR. (A, B) Representative images showed the immunoreactivity
of Piezol (A, red) and Piezo2 (B, red) at baroreceptor nerve terminals within the
aortic arch adventitia in WKY rats (top) and SHR (bottom), respectively. SP-DiO
(green) served as a marker of nerve terminals. Merged images of SP-DiO, DAPI

(blue) and Piezol (A) or Piezo2 (B) were shown. Scale bar: 25 um. (C) Summary data
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of IF intensity for Piezol (16.8 £ 2.3 A.U. for WKY rats, n =8; 21.3 + 2.4 A.U. for
SHR, n=7) and Piezo2 (140.9 + 15.9 A.U. for WKY rats, n = 16; 70.7 £ 5.1 A.U. for
SHR, n = 14) at aortic arch baroreceptor nerve terminals in WKY rats and SHR. Data

KKk

are shown as mean = SEM. "P < 0.001. Error bars indicate SEM.
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Fig 6. Inhibition of Piezo2 in NG induced hypertension in WKY rats. (A)

Representative traces showing that BP changes in WKY rats who were received
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injection of Saline (NS, top) and Piezo channel antagonist GsMTx4 (bottom) at NG.
(B) Summary data for the changes in SBP (ASBP), ADBP, AMAP and APP induced
by NS (open bar, n = 5) and GsMTx4 (solid bar, n = 5). (C) Representative BP traces
of WKY rats whose NG were infected with control ShRNA lentiviral particles
(Scrambled shRNA, upper), Piezol shRNA lentiviral particles (Piezol shRNA,
middle) and Piezo2 shRNA lentiviral particles (Piezo2 shRNA, bottom) for 15 days,
respectively. (D) After 15 days infection in NG, the BP were recorded by carotid
artery intubation method among the above three groups of WKY rats. The SBP, DBP
and MAP of Piezo2 shRNA group rats were significantly increased to 144.3 + 1.7
mmHg (n =9, P <0.01), 119.0 + 4.1 mmHg (n =9, P <0.05) and 127.4 + 2.6 mmHg
(n=9, P <0.01). These BP parameters of Scrambled shRNA group rats were 123.8 +
4.8 mmHg (n = 8), 99.4 + 6.2 mmHg (n = 8) and 107.5 £ 5.5 mmHg (n = 8),
respectively. Piezol shRNA group rats (n = 7) did not show any significant alterations
on these BP parameters. (E) The concentration of serum NE among the above three
groups of WKY rats. (F) Representative BP and HR traces of PE-induced baroreflex
in Scrambled shRNA (left), Piezol shRNA (middle) and Piezo2 shRNA (right) group
of WKY rats. (G) Changes in SBP (ASBP), heart rates (AHR) and the baroreflex
sensitivity (AHR/ASBP) in Scrambled shRNA (white bar, n = 5), Piezol shRNA
(grey bar, n = 4) and Piezo2 shRNA (black bar, n = 5) group rats. Data are shown as

mean + SEM. "P < 0.05, ™P < 0.01. Error bars indicate SEM.
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Figure 7
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Fig 7. Nedd4-2 interacted with Piezo2 and was increased in baroreceptor NG
neurons in SHR. (A) Schematic diagram of Piezo2 topology and the sequence of PY -
motif in hPiezo2, rPiezo2 and mPiezo2. The PY-motif of rNav1.8, hNav1.1 and
hENaC were also shown. (B, C) Representative Co-IP results showing Piezo2 and
Nedd4-2 interaction in co-transfected HEK293T cells (B) and rat NG (C). (D)
Representative images (left) and IF intensities (right) of the Nedd4-2 (79.9 £ 4.2 A.U.
for WKY rats, n = 24; 109.8 £ 5.8 A.U. for SHR, n = 31) in nNOS-positive

baroreceptor NG neurons in WKY rats and SHR. Data are shown as mean + SEM.

P < 0.001. Error bars indicate SEM.
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Figure 8
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Fig 8. Nedd4-2 downregulated Piezo2 MA currents in HEK 293T cells. (A)
Representative recording of Piezo2 MA currents in HEK 293T cells who were
transfected with GFP (upper), Piezo2 (middle) and Nedd4-2 + Piezo2 (bottom)
plasmid. The Piezo2 MA currents were evoked by a stimulus probe with a series of
poking displacement steps (top). (B) Summary data of Piezo2 MA current densities
with different displacement distances. Empty circles, Piezo2 alone; Solid circles,
Nedd4-2 with Piezo2. (C) Summary of the threshold (left), activation latency (middle)

for evoking Piezo2 MA currents and the decay time constant (right) of Piezo2 MA
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currents. The threshold was significantly increased from 3.6 + 0.2 um (Piezo2 alone)
t0 4.9 £ 0.4 um (Piezo2 + Nedd4-2). The latency was also elevated to 8.1 £ 0.5 ms for
Piezo2 + Nedd4-2 group from 6.6 + 0.3 ms for Piezo2 group. The decay times were
not changed by Nedd4-2 (Piezo2 alone: 2.9 £ 0.4 ms; Piezo2 + Nedd4-2: 2.5+ 0.4

ms). Data are shown as mean + SEM. “P < 0.05, “P < 0.01. Error bars indicate SEM.
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