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Abstract

Background—Impaired endothelium-dependent vasodilation is a hallmark of obesity-induced
hypertension. The recognition that Ca2* signaling in endothelial cells promotes vasodilation has
led to the hypothesis that endothelial Ca2* signaling is compromised during obesity, but the

underlying abnormality is unknown. In this regard, TRPV4 ion channels are a major Ca2* influx
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pathway in endothelial cells, and regulatory protein AKAP150 enhances the activity of TRPV4
channels.

Methods—We used endothelium-specific knockout mice and high fat diet-fed mice to assess the
role of endothelial AKAP150-TRPV4 signaling in blood pressure regulation under normal and
obese conditions. We further determined the role of peroxynitrite, an oxidant molecule generated
from the reaction between nitric oxide (NO) and superoxide radicals, in impairing endothelial
AKAP150-TRPV4 signaling in obesity, and assessed the effectiveness of peroxynitrite inhibition
in rescuing endothelial AKAP150-TRPV4 signaling in obesity. The clinical relevance of our
findings was evaluated in arteries from non-obese and obese individuals.

Results—We show that CaZ* influx through TRPV4 channels at myoendothelial projections
(MEPs) to smooth muscle cells decreases resting blood pressure in non-obese mice, a response
that is diminished in obese mice. Counterintuitively, release of the vasodilator molecule NO
attenuated endothelial TRPV4 channel activity and vasodilation in obese animals. Increased
activities of iINOS and NOX1 enzymes at MEPs in obese mice generated higher levels of NO and
superoxide radicals, resulting in increased local peroxynitrite formation and subsequent oxidation
of the regulatory protein AKAP150 at cysteine 36, to impair AKAP150-TRPV4 channel signaling
at MEPs. Strategies that lowered peroxynitrite levels prevented cysteine 36 oxidation of
AKAP150, and rescued endothelial AKAP150-TRPV4 signaling, vasodilation, and blood pressure
in obesity. Importantly, peroxynitrite-dependent impairment of endothelial TRPV4 channel
activity and vasodilation was also observed in the arteries from obese patients.

Conclusions—These data suggest that a spatially restricted impairment of endothelial TRPV4
channels contributes to obesity-induced hypertension, and imply that inhibiting peroxynitrite
might represent a strategy for normalizing endothelial TRPV4 channel activity, vasodilation, and
blood pressure in obesity.

Keywords

Obesity-induced hypertension; endothelial dysfunction; calcium signaling; TRPV4 ion channel;
peroxynitrite; nitric oxide signaling

Introduction

According to the World Health Organization, the incidence of obesity worldwide has nearly
tripled since 1975, affecting ~650 million adults in 2016. Obesity has become a life-
threatening health concern and a major risk factor for cardiovascular disease, including
hypertension and strokel- 2. Loss of endothelium-dependent vasodilation is commonly
observed in human patients3 4 and animal models of obesity® 8, and is thought to be a major
contributor to obesity-induced hypertension?. Therefore, identifying the molecular
mechanisms of obesity-induced endothelial dysfunction may help to realize new strategies
for therapeutic intervention that offer the promise of improved global health.

Endothelial cell (EC) Ca?* signaling is a key regulator of vascular function’. In small,
resistance arteries, spatially localized Ca?* signals cause endothelium-dependent
vasodilation and diminished vascular resistance8-10, These Ca2* signals can occur through
Ca?* release from the endoplasmic reticulum (ER) and/or Ca2* influx through ion channels
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at the EC membrane. Notably, elementary CaZ*-influx signals through endothelial transient
receptor potential vanilloid 4 (TRPV4gc) channels localized at EC projections to smooth
muscle cells (SMCs), termed myoendothelial projections (MEPS), activate nearby Ca2*-
sensitive, intermediate- or small-conductance K* (IK and SK, respectively) channels to
hyperpolarize the EC plasma membrane’. This hyperpolarization is subsequently transmitted
to surrounding SMCs via myoendothelial gap junctions (MEGJs) that electrically couple
ECs and SMCs11: 12, SMC hyperpolarization, in turn, inactivates voltage-dependent Ca2*
channels to attenuate Ca2* influx, resulting in vasodilation. Importantly, TRPV4gc channels
exhibit cooperative gating, an effect that is enhanced for channels localized to MEP sites. A-
kinase anchoring protein 150 (AKAP150), which anchors protein kinase C (PKC) and
protein kinase A (PKA)13: 14 and is preferentially localized to MEPs in resistance arteries!®,
is a crucial enhancer of TRPV4 channel activity in multiple cell types® 16, However,
whether the endothelial AKAP150 (AKAP150gc)-TRPV4gc signaling cascade exerts a
tonic influence on resting blood pressure, and how this cascade might operate in obesity,
remain unknown.

Resistance arteries control the blood pressure, however, the mechanisms for obesity-induced
endothelial dysfunction in resistance arteries remain unknown. In large conduit arteries,
obesity is associated with excessive formation in ECs of reactive oxygen species (ROS),
including the superoxide radical (Oo")1": 18, This abnormality, together with the finding of
elevated vascular inducible nitric oxide synthase (iNOS) activityl® 20, may catalyze the
reaction of O, with nitric oxide (NO) to form peroxynitrite (PN)21, which has been linked
to endothelial dysfunction in conduit arteries?2: 23, Thus, the common vasodilator molecule
NO may have deleterious effects on vasodilation and blood pressure in obesity via PN
formation.

Here, we postulated that PN impairs endothelial AKAP150gc-TRPV4gc signaling at MEPs
to curtail endothelium-dependent vasodilation and elevate blood pressure in obesity. Using
newly developed endothelium-specific AKAP150 (AKAP150gc ") and TRPV4 (TRPV4gc
~I=) knockout mice, we provide the first evidence for a role of AKAP150gc-TRPV4gc
channel signaling in modulating resting blood pressure. Moreover, PN formation at the
MEPs underlies the specific impairment of AKAP150gc-TRPV4gc channel signaling in
obesity, which contributes to obesity-induced loss of endothelium-dependent vasodilation
and elevated blood pressure. Spatially localized PN targets AKAP150gc to decrease Ca?*
influx through TRPV4gc channels in obesity, an abnormality that is reversed by PN and Oy~
inhibitors. Our studies implicating dysregulated TRPV4gc channels in defective
endothelium-dependent vasodilation in obesity provide a rationale for designing PN-based
therapeutics to restore TRPV4gc channel function and normalize blood pressure in obese
individuals.

Materials and Methods

The data, analytical methods, and materials are available from the corresponding author
upon reasonable request?*. An expanded Material and Methods section can be found in the
Supplemental Materials.
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Animal Models and human tissue

Animal protocols were approved by the University of Virginia Animal Care and Use
Committee. Normal or high fat diet-fed (for 14 weeks) C57BL6/J mice, endothelium-
specific TRPV4 (TRPV4gc ") and AKAP150 (AKAP150gc ") knockout mice, and high
fat diet-fed TRPV4gc ™/~ mice were used. Isolation of splenius and temporalis muscle tissue
from patients was approved by University of Virginia’s Institutional Review Board, and the
subjects gave informed consent.

Pressure myography

Avrteries were cannulated onto two glass micropipettes on a pressure myography chamber,
and pressurized to 80 mm Hg. Internal diameter was recorded in response to various
treatments.

Blood pressure measurement

Radiotelemetry catheter was implanted in the left carotid artery under isoflurane anesthesia.
Continuous blood pressure measurements were performed following a seven-day recovery
period.

CaZ?* imaging
Ca?* imaging studies were performed in en face, fluo-4-loaded third-order mesenteric

arteries (MAs). Images were acquired using a spinning-disk confocal imaging system and
electron-multiplying charge coupled device camera.

Peroxynitrite (PN) imaging
Endothelial PN was imaged in en face arteries from mice and human samples using PN-
selective fluorescent indicator coumarin boronic acid (CBA).

Patch Clamp in ECs and HEK293 cells

Currents through TRPV4 channels and IK/SK channels were recorded in ECs freshly
isolated from MAs or HEK293 cells.

Quantitative Polymerase Chain Reaction (QPCR)

RNA was extracted from isolated ECs or MA lysates using Qiagen RNeasy Mini Kit, and
cDNA synthesized using Bio-Rad iScript cDNA Synthesis Kit.

Statistics

Data were analyzed using two-tailed, paired or independent t-test, one-way ANOVA (Tukey
correction for multiple comparisons), or two-way ANOVA (Bonferroni correction for
multiple comparisons). Statistical significance was determined as a P value < 0.05.
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Results

Endothelium-specific TRPV4- and AKAP150-knockout mice show elevated blood pressure

AKAP150 enhances TRPV4 channel activity via PKC anchoring in multiple cell-types!®: 16,
It is unclear whether the AKAP150gc-TRPV4gc signaling mechanism impacts blood
pressure, since EC-specific knockout of these proteins has not been accomplished to date.
Accordingly, we developed and validated two new inducible mouse models, TRPV4gc ™~
and AKAP150gc~", in which TRPV4 and AKAP150, respectively, were specifically
knocked out in ECs. Endothelial knockout of TRPV4 channels or AKAP150 was confirmed
by a decrease in TRPV4 and AKAP150 immunostaining in ECs (Figure 1A; Supplemental
Figures 1A-1D; Supplemental Table 1), and a decrease in endothelial mMRNA for TRPV4
channels and AKAP150 (Figure 1B, Supplemental Figure 1E) in the corresponding
knockout models. Unitary Ca2* influx signals through individual TRPV4gc channels,
termed TRPV4gc sparklets?®, were recorded in resistance mesenteric arteries (MAs) and
confirmed by their sensitivity to the highly selective TRPV4 antagonist, GSK2193874
(GSK219, 100 nM; Supplemental Figure 1F). Baseline TRPV4gc sparklet activity (recorded
in the presence of 20 UM cyclopiazonic acid [CPA] to eliminate interfering inositol 1,4,5-
trisphosphate receptor-mediated Ca2* signals2°) as well as that induced by the TRPV4
agonist GSK1016790A (GSK101; 3-30 nM), was markedly reduced in MAs from
TRPV4gc""~ mice compared with that in MAs from wild-type (WT) mice (Figure 1C).

The classical muscarinic receptor agonist carbachol (CCh) increases TRPV4g¢ channel
activity in an AKAP150/PKC-dependent manner to promote vasodilation10:15:25 In en face
preparations of MAs from WT mice, AKAP150g¢ was concentrated mainly at MEPSs,
identifiable as black holes in the internal elastic lamina (IEL) (Figure 1A; Supplemental
Figure 1E). Notably, a spatial localization analysis indicated that baseline TRPV4g¢ sparklet
activity at MEPs, but not at other (non-MEP) sites, was reduced in MAs from AKAP150gc
~/~ mice compared with WT mice (Figures 1D, 1E; Supplemental Figures 2A, 2B).
Moreover, CCh enhanced TRPV4gc sparklet activity only at MEPs, an effect that was not
observed in MAs from AKAP150gc ™~ mice (Figure 1E; Supplemental Figures 2A, 2B).
PKC-mediated activation of TRPV4gc sparklets, induced by the PKC activator PMA
(phorbol 12-myristate 13-acetate), also showed a similar AKAP150g¢-dependence and
localization at MEPs (Supplemental Figures 2B, 2C). Thus, AKAP150gc is required for the
activation of TRPV4gc channels at MEPs. Only the direct TRPV4 channel agonist GSK101
(10 nM) was able to increase TRPV4gc sparklet activity in MAs from AKAP150gc~/~ mice
(Figure 1E). TRPV4g( sparklets represent coupled openings of individual TRPV4gc
channels at a given sitel® 25, An analysis of cooperative gating among TRPV4g¢ channels,
measured as coupling coefficient (x) value, which varies from 0 (no coupling or independent
gating) to 1 (complete coupling), indicated that coupling was weaker at MEPs in MAs from
AKAP150gc""~ mice (Figure 1F; Supplemental Figure 3), supporting a critical role of
AKAP150gc in functional coupling of TRPV4gc channels. Furthermore, TRPV4 channel
agonist - and CCh-induced dilation of MAs were dramatically decreased in MAs from
TRPV4gc™~ and AKAP150gc~~ mice (Figure 1G-1J; Supplemental Figure 4), indicating
impaired endothelium-dependent vasodilation in these mice. Importantly, resting systolic,
diastolic, and mean arterial pressure (MAP), recorded using radiotelemetry, were elevated in
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both TRPV4gc~/~ and AKAP150gc™~ mice compared with the respective WT mice (Figure
1K; Supplemental Figure 5). Resting heart rate, however, was not different between WT and
knockout mice (Supplemental Figures 5A, 5C). Pressure-induced constriction at 80 mm Hg
was higher in both TRPV4gc ™~ and AKAP150gc~/~ mice compared to respective WT mice
(Figure 1L), suggesting higher baseline vascular tone in these mice. These new findings
provide initial evidence that AKAP150gc-TRPV4gc signaling at MEPs promotes
endothelium-dependent vasodilation and contributes to the regulation of resting blood
pressure.

Diet-induced obesity is associated with impaired TRPV4gc sparklet activity and
endothelium-dependent vasodilation

Diet-induced obesity caused by excessive intake of energy-dense foods is often accompanied
by a rise in blood pressure and defective endothelium-dependent vasodilation!: 2. Here, we
explored whether disrupted TRPV4gc Ca?* signaling is a feature of defective endothelium-
dependent vasodilation in mice fed a high-fat diet (HFD) for 14 weeks. Body weight of these
HFD mice (44 £ 2 g) was significantly higher than that of mice fed a normal-fat diet (NFD;
28 +1g,n=13; P<0.05, t-test). HFD mice also showed higher resting systolic, diastolic,
and MAP (Figure 2A; Supplemental Figures 6A, 6B), and a higher pressure-induced
vasoconstriction at 80 mm Hg (Supplemental Figures 6C) compared to NFD mice. CCh-
induced, endothelium-dependent dilation was markedly blunted in MAs from HFD mice
(Figure 2B). Similarly, dilation of MAs in response to the TRPV4 channel agonist GSK101
was also impaired in HFD mice (Figure 2C). TRPV4g( sparklets activate IK and SK
channels to mediate membrane hyperpolarization of ECs, a response that propagates to
adjacent SMCs to induce their relaxation and cause dilation of MAsZ2. In the presence of
IK/SK channel inhibitors, there was no significant difference in vasodilation to CCh and
GSK101 between NFD and HFD mice (Supplemental Figures 7A, 7B). Moreover, in the
presence of 60 mM extracellular K* to inhibit IK/SK channel-mediated hyperpolarization,
there was no difference in vasodilation to CCh or GSK101 between NFD and HFD mice
(Supplemental Figures 7C—F), further suggesting a specific impairment of TRPV4gc-IK/SK
channels in obesity. Conceptually, the loss of TRPV4-mediated vasodilation could be related
to reduced expression and/or function of TRPV4gc channels or IK/SK channels. We found
that the dilatory response to the IK/SK channel activator NS309 was not altered in MAs
from HFD mice (Supplemental Figure 8A), suggesting that the impairment in endothelial
function in obesity lies upstream of IK/SK channels, possibly at the level of TRPV4gc
channels, and that the communication across MEGJs is not impaired.

Notably, TRPV4gc sparklets were scarce in HFD mice (Figure 2E), a decrease that was
spatially restricted to sparklet sites at MEPs (Figures 2E, 2F; Supplemental Figure 8B). Both
CCh- and PKC-induced activation of TRPV4gc sparklets, which requires AKAP150gc, was
markedly reduced in MAs from HFD mice (Supplemental Figure 8C). Moreover, the
AKAP150gc-dependent enhancement of coupling strength among TRPV4gc channels at
MEPs was also attenuated in obesity (Supplemental Figure 9A). The quantal level (unitary
channel amplitude, reflecting stepwise openings of 1-4 TRPV4 channels at a site2%) of
TRPV4gc sparklets at MEPs was not altered in AKAP150gc~/~ or HFD mice compared
with respective controls (Supplemental Figure 9B). Collectively, these findings raise the
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possibility of defective AKAP150g¢ enhancement of TRPV4gc channel function at MEPs in
obesity.

Clinical relevance of our findings was established by studying TRPV4gc-mediated
vasodilation and TRPV4gc sparklet activity in splenius/temporalis muscle arteries from non-
obese and obese individuals. Both CCh and GSK101 dilated the arteries from non-obese
individuals, and the vasodilation was absent in the arteries from obese individuals (Figures
2G-J). Moreover, GSK219-sensitive TRPV4gc sparklet activity was attenuated in the
arteries from obese individuals when compared to those from non-obese individuals (Figures
2K, 2L). Thus, TRPV4gc channel activity and vasodilation are also impaired in the arteries
from obese patients.

Inhibition of NOS or PN restores TRPV4gc channel activity, vasodilation, and blood
pressure in obesity

TRPV4gc-IK/SK channel signaling is the major effector pathway for muscarinic receptor
signaling-induced dilation of resistance MAs, whereas TRPV4gc channel-independent
endothelial NOS (eNOS) activation plays a minor rolel% 15 25 \We hypothesized that NOS
inhibition would eliminate the residual vasodilation to CCh in obese mice. Surprisingly,
NOS inhibition with L-NNA (L-NC-nitroarginine; 100 uM) restored the vasodilation to both
CCh and GSK101 (Figures 3A, 3B) in HFD mice. L-NNA had only a slight inhibitory effect
on vasodilation to CCh and no effect on vasodilation to GSK101 in NFD mice (Figures 3A,
3B; Supplemental Figure 10A). L-NNA was unable to rescue the vasodilation to CCh or
GSK101 in obese TRPV4gc~~ or AKAP150gc~/~ mice (Figures 3A, 3B), suggesting the
AKAP150gc-TRPV4gc-dependent rescue of vasodilation by L-NNA in obesity. Moreover,
L-NNA rescued TRPV4gc sparklet activity in MAs from HFD mice, but had no effect on
TRPV4gc sparklet activity or TRPV4gc-induced vasodilation in NFD mice (Supplemental
Figure 10B). NOS-generated NO can react with O, radicals to form PN2L, which is known
to have deleterious effects on endothelial function?3: 26. 27 0, and NO levels were elevated
in ECs from HFD mice (Supplemental Figures 11A, 11B). On the basis of these findings, we
postulated that PN is the signaling molecule that reduces TRPV4gc sparklet activity in
obesity. A PN-selective fluorescent indicator, coumarin boronic acid (CBA), showed a
concentration-dependent increase in fluorescence with PN and PN generator SIN-1
(Supplemental Figure 12), and a higher PN fluorescence in ECs from obese patients and
mice when compared to respective non-obese controls (Figures 3C, 3D). Using PEG-
catalase to decompose H,0, and taurine to scavenge hypochlorous acid did not lower the
CBA fluorescence in obese mice, suggesting that H,O» or hypochlorous acid did not
contribute to increased CBA fluorescence (Supplemental Figure 13). Moreover,
immunostaining for 3-nitrotyrosine (NT), a commonly used biomarker of PN formation,
revealed very low levels of 3-NT in MAs from NFD mice, but increased 3-NT formation at
MEPs in HFD mice (Supplemental Figure 14). Uric acid (UA; 200 uM) and ebselen (1 pM),
PN scavengers?8, Fe!ll-tetra-(4-sulfonatophenyl)-porphyrin (FeTPPs; 1 uM), a PN
decomposer??, and tempol (200 pM), a superoxide dismutase (SOD) mimetic that decreases
Oy, all rescued TRPV4gc sparklet activity at MEPs in MAs from HFD mice and in the
arteries from obese individuals (Figures 3E; Supplemental Figures 15, 16). However, none
of these agents affected sparklet activity at non-MEP sites in HFD mice or overall sparklet
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activity in MAs of NFD mice (Supplemental Figures 15D-G), pointing to a spatially
localized elevation in PN levels at MEPs in obesity.

PN inhibitors UA and FeTPPS also rescued CCh- and PKC-induced activation of TRPV4gc
sparklets in HFD mice, restored coupling coefficients to NFD levels (Supplemental Figure
17A-C) and, like tempol and ebselen, restored dilation to CCh and GSK101 in MAs from
HFD mice (Figure 3F; Supplemental Figure 17D). In TRPV4gc ™'~ mice or AKAP150gc '~
mice fed a HFD, UA was unable to rescue TRPV4gc sparklet activity and vasodilation to
CCh (Supplemental Figures 17D, 17E), supporting the concept that PN inhibitors
specifically rescued AKAP150gc-TRPV4gc-dependent vasodilation in obesity.
Administration of UA (200 mg/kg, i.p.) or FeTPPS (10 mg/kg, i.p.) failed to affect resting
blood pressure in NFD mice, but significantly lowered MAP in HFD mice 15 minutes after
injection (Figure 3G). Neither compound altered heart rate in HFD mice (Supplemental
Figure 18). Moreover, these PN inhibitors had no effect on resting MAP in TRPV4gc ™/~
mice fed a HFD (Figure 3G), further confirming that inhibition of PN accumulation restored
the ability of TRPV4gc channels to decrease MAP.

MEP-localized NADPH oxidase 1 (NOX1) and iNOS underlie PN-induced TRPV4gc channel
dysregulation in obesity

NOX activity is a major source of cytosolic O, generation in the vasculature3°, and both
NOX and vascular iNOS activity are increased in obesity1®. Three NOX isoforms—NOX1,
NOX2 and NOX4—have been reported in rodent ECs3C. In MAs from NFD mice, the
predominant NOX isoform detected at MEPs was NOX1 (Figure 4A). Interestingly, the
expression of NOX1 at MEPs was increased in MAs from obese mice, whereas expression
of NOX2 and NOX4 persisted at low levels (Figure 4A; Supplemental Figures 19, 20).
Similarly, expression of iINOS was also elevated at MEPs in MAs from obese mice (Figures
4B, 4C). Consistent with these data, NOX1 and iNOS mRNA levels were elevated in MAs
from obese mice compared with NFD mice (Figure 4D). The specific NOX1 inhibitors
NoxAlds and ML-171, and iNOS inhibitor, 1400W, restored TRPV4gc sparklet activity to
normal levels at MEPs in MAs from obese mice (Figures 4E-G; Supplemental Figure 21A).
However, these compounds had no effect on sparklet activity at non-MEP sites (Figures 4E—
G; Supplemental Figure 21A) and failed to affect sparklet activity in MAs from NFD mice
(Supplemental Figure 21B). In contrast, the gp91phox blocking peptide, gp91 ds-tat (1 uM),
which specifically inhibits NOX2, did not alter TRPV4g¢ sparklet activity in obese mice
(Supplemental Figure 22). Both NOX1 and iNOS inhibitors restored vasodilator responses
to CCh and TRPV4 agonist in MAs from obese mice (Figures 4H, 41; Supplemental Figure
23), an effect that was absent in the arteries from HFD TRPV4~~ mice or HFD
AKAP150gc~"~ mice (Figures 4H, 41; Supplemental Figure 24), and lowered the CBA
fluorescence in the arteries from obese mice (Supplemental Figure 25). Moreover, 1400W or
L-NNA administration also lowered MAP in obese mice (Figure 4J; Supplemental Figure
26). Collectively, these results suggest that elevated NOX1 and iNOS expression at vascular
MEPs increases PN formation in obesity, which impairs TRPV4gc sparklet activity and
endothelium-dependent vasodilation.
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PN inhibits AKAP150gc-mediated enhancement of TRPV4gc sparklet activity at MEPs

To test whether exogenous PN attenuates TRPV4gc sparklet activity, we exposed MAs from
WT mice to either PN (1 uM) or the PN donor SIN-1 (50 uM) for 5 minutes. Both PN and
SIN-1 decreased TRPV4gc sparklet activity at MEPSs, but had no effect on TRPV4gc
sparklets at non-MEP sites (Figure 5A; Supplemental Figure 27A). SIN-1 generates NO and
O, which react to form PN. In the presence of the NO scavenger carboxy-PTIO (50 uM) or
tempol, SIN-1 was unable to inhibit TRPV4gc sparklet activity, indicating that neither Oy~
nor NO per se alter TRPV4gc sparklet activity (Supplemental Figure 27B). Both UA and
FeTPPS inhibited PN-induced 3-NT formation as well as the effect of PN on TRPV4gc
sparklet activity at MEPs (Supplemental Figure 28). In patch clamp studies on freshly
isolated ECs from WT mice, exogenous PN reduced the currents through TRPV4gc
channels (Figure 5B), supporting PN-induced inhibition of channel activity. TRPV4 agonist-
and CCh-induced vasodilation was also inhibited in the presence of PN (Figures 5C, 5D;
Supplemental Figure 29A). Decomposed PN, however, was unable to impair TRPV4gc
sparklet activity or vasodilation (Supplemental Figures 29B-D). Furthermore, both CCh-
and PKC-induced (PMA) increases in TRPV4gc sparklet activity were abolished in the
presence of PN (Supplemental Figure 30A), and coupling strength among TRPV4gc
channels at MEPs was lower in the presence of exogenous PN (Supplemental Figure 30B).
Collectively, these findings suggest that PN impairs AKAP150gc-mediated enhancement of
TRPV4gc channel activity. Indeed, in MAs from AKAP150gc~/~ mice, PN was unable to
alter TRPV4gc sparklet activity evoked by TRPV4 agonist (10 nM, Figure 5E), confirming
that PN does not directly target the TRPV4gc channel, but instead impairs AKAP150gc-
mediated regulation of the channel.

PN-induced cysteine oxidation of AKAP150 lowers TRPV4gc channel activity

Dithiothreitol (DTT; 1 mM), which is used as a reducing agent to reverse cysteine oxidation,
rescued TRPV4gc sparklet activity in HFD mice but not in HFD AKAP150gc™~ mice
(Supplemental Figure 31), suggesting that PN-induced cysteine oxidation may be
responsible for AKAP150gc-TRPV4gc dysfunction in obesity. Ascorbic acid, which is a
selective inhibitor of S-nitrosylation3!, did not alter TRPV4gc sparklet activity in obese
mice suggesting that S-nitrosylation may not be responsible for TRPV4gc channel in obesity
(Supplemental Figure 32). A 2-thiodimedone antibody to detect cysteine sulfenic acid

(CSA) intermediates of cysteine oxidation showed higher CSA levels at MEPSs in obese mice
when compared to normal mice (Figure 5F). MAs from obese AKAP150g¢ ™~ mice showed
minimal CSA staining at MEPs (Figure 5F). Moreover, CSA levels at MEPs in MAs from
obese mice were lowered by pretreatment with DTT or PN scavenger UA (Supplemental
Figure 33). Overall, these data support the idea that PN causes cysteine oxidation of
AKAP150gc in obesity to lower AKAP150gc-TRPV4g( signaling at MEPSs.

In HEK?293 cells, TRPV4 inhibitor-sensitive currents were increased in the presence of
AKAP150 (Figure 5G). Moreover, PN did not alter TRPV4 currents in HEK293 cells
expressing TRPV4 channel alone, but did inhibit such currents in cells expressing the
TRPV4 channel and AKAP150 (Figure 5G), suggesting that PN decreases TRPV4 channel
activity by targeting AKAP150. There is only one cysteine residue (Cys36) in the PKC-
binding region (residues 31-52) of AKAP15014, Substituting Cys36 of AKAP150 with
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alanine in HEK293 cells resulted in the loss of PN-inhibition of TRPV4 currents and PN-
induced formation of cysteine sulfenic acid, an intermediate in disulfide bond formation
(Figure 5G, Supplemental Figure 34). Taken together, these results indicate that PN causes
oxidation of Cys36 on AKAP150 to lower TRPV4 channel activity.

TRPV4g sparklets dilate MAs by activating IK/SK channels!® 25, In freshly isolated ECs,
PN did not alter IK/SK currents induced by the direct IK/SK channel activator, NS309
(Supplemental Figure 35A). Furthermore, NS309-induced vasodilation was unaffected by
PN (Supplemental Figure 35B), confirming that PN-induced impairment in endothelium-
dependent vasodilation occurs upstream of IK/SK channels.

PN impairs AKAP150gc:PKC localization in obesity

The expression of AKAP150gc at MEPs was unaltered in obesity (Figures 6A, 6B), and
TRPV4gc and AKAP150g( transcript levels were also unchanged (Figure 6C). We further
hypothesized that PN-induced impairment of AKAP150gc-PKC-TRPV4g( signaling in
obesity reflects impaired localized coupling of AKAP150g¢ to PKC and/or TRPV4gc.
Proximity ligation assays (PLAs) in MAs from NFD mice indicated that AKAP150g¢ exists
within nanometer proximity of both PKC and TRPV4gc (Figures 6D, 6E). Moreover,
AKAP150gc: TRPVA4g localization was not altered in MAs from HFD mice (Figures 6D,
6F). However, we observed less AKAP150gc:PKC localization, suggesting impaired PKC
anchoring by AKAP150gc in obesity (Figures 6E, 6F). Therefore, we hypothesized that PN
inhibits the anchoring of PKC by AKAP150g¢ in obesity. Treatment of MAs from obese
mice with UA for 5 minutes restored the localization of AKAP150g¢ with PKC to NFD
levels (Figure 6F). Moreover, the PN donor SIN-1 decreased AKAP150g¢:PKC localization
in WT arteries (Figure 6G). These results support the idea that PN disrupts AKAP150gc-
PKC-TRPV4gc vasodilator signaling at MEPs in obesity by specifically inhibiting
anchoring of PKC by AKAP150c¢ (Figure 6H).

Discussion

Using inducible, endothelium-specific knockout mice, we provide the first demonstration of
a physiological role for TRPV4gc channels and the regulatory protein AKAP150g¢ in
lowering resting blood pressure. Moreover, we show that increased PN at vascular MEPs
targets AKAP150gc and lowers AKAP150gc-mediated enhancement of TRPV4gc channel
activity, thereby blunting endothelium-dependent vasodilation and increasing blood pressure
in diet-induced obesity. Studies in human arteries establish the clinical relevance of PN-
induced impairment of TRPV4g¢ channels in obesity. Our results further suggest that
increased levels of NOX1 and iNOS at vascular MEPs contribute to enhanced formation of
PN in obesity, and demonstrate that prevention of PN formation restores AKAP150gc-PKC-
TRPV4gc channel vasodilatory signaling (Figure 6H). Thus, our studies lay the foundation
for PN-based therapeutic strategies for rescuing TRPV4gc channel function, and thereby
improving endothelium-dependent vasodilator responses and lowering blood pressure in
obese individuals.

The contribution of TRPV4gc channels to resting blood pressure has been difficult to define.
Although numerous studies have identified TRPV4gc channels as a key Ca2* influx pathway
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for endothelium-dependent vasodilation, only global TRPV4~/~ mice have been available for
such studies?® 32, These mice show no change in resting blood pressure8: 32, an observation
in stark contrast to the higher blood pressure observed in the TRPV4gc ™/~ mice developed
for the current study. The role of vascular smooth muscle AKAP150-TRPV4 signaling in
regulating arterial diameter remains uncertain, with reports linking TRPV4 signaling in this
compartment to both vasodilation and vasoconstriction16: 33. 34 Thus, a definitive answer to
the questions of how smooth muscle AKAP150-TRPV4 signaling influences blood pressure
await the development of SMC-specific TRPV4~~ and AKAP150~/~ mice.

An increase in iNOS activity at vascular MEPs contributed to PN formation in obesity,
however, higher iNOS levels did not result in vasodilation, a finding that could be explained
by the instantaneous reaction of NO with NOX1-generated O, thus reducing NO
bioavailability. In this regard, NOX1 deletion has previously been shown to lower O, levels
in a mouse model of metabolic disease3®. While our data support the role of NOX1 in
obesity-induced PN formation at MEPs, it is not clear whether NOX1 at the cell membrane
or intracellular NOX1 or both are responsible for this effect. Importantly, iNOS activity has
mainly been associated with immune cells36. Our z-stack images indicate that iNOS
upregulation is restricted to MEPSs in obesity, and immunostaining for pan-leucocyte marker
CD45 revealed that immune cells were not present at the level of IEL in obese mice
(Supplemental Figure 36), further supporting the concept that endothelial iNOS contributed
to PN formation in obesity. iINOS has been implicated in drastic lowering of blood pressure
in sepsis3’. It is conceivable that differential mechanisms downstream of iNOS lead to
distinct functional effects in obesity and sepsis.

Although several endogenous oxidant molecules can cause cysteine oxidation38: 39,
AKAP150gc-TRPV4gc channel impairment in obesity can be attributed specifically to PN-
induced cysteine oxidation of AKAP150g¢c. We show that PEG-catalase and taurine are
unable to rescue TRPV4gc sparklet activity or vasodilation in obese mice (Supplemental
Figure 37), suggesting that H,O, or hypochlorous acid do not play a major role in obesity-
induced impairment of TRPV4gc channels. Interestingly, addition of high concentration of
exogenous H,O», but not hypochlorous acid, lowered TRPV4gc sparklet activity in MAs
from normal mice (Supplemental Figure 38), although the mechanism for this effect is not
known. Superoxide and NO radicals have also been commonly associated with cysteine
modifications*0. Using the hypoxanthine/xanthine oxidase system, we observed that
superoxide radicals inhibited vasodilation to CCh in normal mice, but had no effect on
TRPV4g( sparklet activity (Supplemental Figure 39). Thus, superoxide radicals are not
directly responsible for impairing TRPV4gc channel activity in obesity. Moreover, NO
donor spermine NONOate (100 uM) also inhibited TRPV4gc sparklet activity2
(Supplemental Figure 40), however, this effect was previously attributed to the activation of
endothelial guanylyl cyclase-protein kinase G pathway?2.

Cysteine modifications have a short half-life*, which may explain the restoration of
AKAP150gc-TRPV4gc signaling within five minutes in obesity. It is plausible that lowering
PN levels allows the endogenous glutaredoxins, thioredoxins, and/or peroxiredoxins to
reduce oxidized cysteines on AKAP150gc*2. PN may also lead to S-nitrosation, however,
treatment with ascorbic acid was unable to rescue TRPV4gc channel activity in obesity.
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While a lack of response to ascorbic acid does not definitively exclude a role for S-
nitrosothiols, this result together with the detection of cysteine oxidation of AKAP150gc
support thiol oxidation as the primary mechanism impairing AKAP150gc-TRPVA4gc
signaling in obesity. PN may also cause cysteine oxidation of PKC, which is known for its
redox regulation?3. However, preventing Cys36 oxidation of AKAP150 alone was sufficient
to abolish the effect of PN on TRPV4gc channel activity, suggesting that PN-induced thiol
oxidation of PKC may not play a role in obesity-induced loss of endothelial function.

Exogenously applied PN has been shown to have varying effects on vascular diameter#4 45,
We observed that PN (5 pM) caused a slight and transient vasodilation that was similar to
that caused by 100 nM spermine NONOate (Supplemental Figures 41A, 41B). However,
NONOate did not alter the vasodilation to CCh or TRPV4g( sparklet activity at this
concentration (Supplemental Figures 41C, 41D). It should be noted that the effect of
exogenously applied PN on vascular diameter is likely an integral of its effects in multiple
cell types including smooth muscle cells, and could be different from the effect of locally
formed PN in ECs during obesity.

While obesity is a significant risk factor for cardiovascular abnormalities in both sexes,
obese female mice did not show a loss of endothelium-dependent vasodilation
(Supplemental Figure 42). The risk of hypertension is known to be more in men than women
at young ages*®, a trend that is reversed post-menopause. It is plausible that estrogen has a
beneficial effect on endothelial function during obesity*’. Future studies on endothelial
dysfunction in obese female mice are needed to address a significant health concerns of
obesity-induced hypertension in women.

A recent study supported a key role for perivascular adipose tissue (PVAT) in NO generation
and vasodilation®®. Moreover, obesity was shown to be associated with uncoupling of eNOS
from PVAT in obesity#°. Therefore, it is plausible that NO/superoxide radicals generated in
PVAT contribute to PN formation and endothelial dysfunction. PVAT can also release
inflammatory cytokines36 that may elevate iNOS and NOX1 levels in ECs, thereby having a
long-term effect on endothelial function. However, PVAT was cleaned off for all the ex vivo
experiments in this study, thus, obesity-induced effects on TRPV4gc channel activity and
vasodilation were independent of PVAT in the current study.

In conclusion, iINOS-generated NO can react with NOX1-generated superoxide to have
deleterious effects on vasodilation under pathological conditions. A localized elevation in
PN levels at vascular MEPs appears to be sufficient to decrease AKAP150gc-mediated
enhancement of TRPV4gc channel activity without affecting the expression of AKAP150g¢
or TRPV4gc channels. Although reactive oxygen and nitrogen species have been implicated
in hypertension, results presented here identify specific signaling mechanisms that could be
therapeutically targeted for rescuing endothelium-dependent vasodilation and blood pressure
in obesity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is new?

Inducible, endothelium-specific TRPV4 channel or AKAP150 knockout mice
show higher resting blood pressures.

Obesity-induced impairment of endothelial AKAP150-TRPV4 channel
signaling contributes to the loss of endothelial function and elevated blood
pressure.

Lowering the levels of oxidant molecule peroxynitrite rescues endothelial
AKAP150-TRPV4 channel signaling, vasodilation, and blood pressure in
obesity.

Upregulation of endothelial NOX1 and iNOS increases peroxynitrite
formation close to endothelial AKAP150 in obesity.

Peroxynitrite causes cysteine oxidation of endothelial AKAP150, resulting in
the impairment of AKAP150-TRPV4 channel signaling in obesity.
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What are the clinical implications?

Endothelial TRPV4 channels are essential regulators of resting blood
pressure, and impairment of endothelial TRPV4 channel activity contributes
to obesity-induced hypertension.

Therapeutic strategies that lower peroxynitrite levels can be used to rescue
endothelial TRPV4 channel activity, endothelial function, and blood pressure
in obesity.
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Figure 1. Endothelium-specific TRPV4 (TRPV4EC"‘) and AKAP150 (AKAP150EC'/')

knockout mice show elevated resting blood pressure.

(A) Representative merged images from en face preparations of third-order MAs showing
IEL autofluorescence (green) and TRPV4gc or AKAP150gc immunofluorescence (red) in
WT (fop), and TRPV4gc ™~ or AKAP150gc~"~ (bottom) mice. (B) Relative TRPV4 and
AKAP150 mRNA levels in ECs from TRPV4gc ™/~ and AKAP150gc"~ mice, respectively,
relative to those in WT mice (P< 0.01 for TRPV4gc ™'~ or AKAP150c ™/~ mice vs.
respective WT mice; n=4; ***P < 0.001; t-test). (C) TRPV4gc sparklet activity per site
(NPg) in en face preparations of MAs from WT and TRPV4gc ™~ mice under baseline
conditions (i.e., 20 pM CPA) or in response to 3 and 10 nM GSK101 (n =5-11; *P< 0.05
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[baseline], <0.001 [3 nM GSK101] and < 0.001 [30 nM GSK101] for WT vs. TRPV4gc ™
one-way ANOVA). (D) Representative baseline F/Fq traces from TRPV4gc sparklet sites at
MEPs in Fluo-4-loaded MAs from WT (7gp) and AKAP150gc "'~ (bottom) mice. Dotted red
lines indicate quantal levels?® derived from an all-points histogram (Extended Data Fig. 7).
(E) TRPV4gc sparklet activity at MEP (fop) and non-MEP (bottom) sites in MAs from WT
and AKAP150gc~"~ mice under baseline conditions, and following treatment with 10 pM
CCh or 10 nM GSK101 (n = 5; £< 0.05 for WT baseline vs. TRPV4gc ™/~ baseline, **<
0.01 for WT CCh vs. WT baseline, < 0.01 for WT GSK101 vs. WT baseline; #P < 0.01 for
AKAP150gc™"~ GSK101 vs. AKAP150gc '~ baseline; one-way ANOVA). (F) Coupling
coefficient (x) values for TRPV4gc sparklet sites at MEPs indicating the coupling strength
among TRPV4gc channels at a given site in MAs from AKAP150gc~~ and WT mice (P<
0.001, t-test, n = 25-31 sites). (G) Averaged data for GSK101-induced dilation of MAs from
WT and TRPV4gc ™~ mice (n = 5; £< 0.01 [3 nM GSK101], < 0.001 [10 nM GSK101] and
< 0.001 [30 nM GSK101] for WT vs. TRPV4gc "~ mice; two-way ANOVA). (H) Percent
dilation of MAs from WT and TRPV4gc ™~ mice in response to CCh (0.3-10 pM) (n =5; P
< 0.05[0.3 uM CCh] and < 0.001 [1, 3, and 10 pM CCh] for WT vs. TRPV4gc~/~ mice;
two-way ANOVA). (1) Percent dilation of MAs from WT and AKAP150gc~"~ mice in
response to GSK101 (3-30 nM) (n = 5-6; £< 0.05 [3 nM GSK101], < 0.01 [10 nM
GSK101] and < 0.001 [30 nM GSK101] for WT vs. AKAP150gc '~ mice; two-way
ANOVA). (J) Percent dilation of MAs from WT and AKAP150gc '~ mice in response to
CCh (0.3-10 uM) (n =5; £<0.05 [0.3 uM CCh] and < 0.001 [1, 3, and 10 uM CCh] for WT
vs. AKAP150gc~"~ mice; two-way ANOVA). (K) Scatter plot of resting MAP (mm Hg)
averaged over 3 days in TRPV4gc '~ and AKAP150gc~"~ mice and the respective WT mice
(P<0.01 for TRPV4gc™~ vs. WT mice, P< 0.05 for AKAP150gc™~ vs. WT mice; t-test,
n=5). (L) Percent myogenic constriction at 80 mm Hg in MAs from TRPV4gc ™~ and
AKAP150gc/~, and respective WT mice (P< 0.01 vs. WT, t-test, n=10).
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Figure 2. Diet-induced obesity impairs AKAP150gc-PKC-TRPV4g signaling and vasodilation.
(A) Resting MAP (mm Hg) averaged over 3 days in HFD and NFD mice (n =5; **£<0.01

for HFD vs. NFD; t-test). (B) Representative diameter traces (/ef?) and averaged diameter
data (right) for CCh (0.3-10 uM)-induced dilation of MAs from NFD and HFD mice (n = 8-
11; ***P < 0.001 for 1 uM, 3 uM, and 10 pM CCh for NFD vs. HFD mice; two-way
ANOVA). (C) Representative diameter traces (/ef?) and averaged diameter data (right) for
GSK101 (3-30 nM)-induced vasodilation in NFD and HFD mice (h = 5-9; < 0.01 [3nM
GSK10] and < 0.001 [10 nM GSK101]; two-way ANOVA). (D) Representative F/Fg traces
from TRPV4g sparklet sites (20 uM CPA + GSK101, 10 nM) at MEPs in Fluo-4—loaded en
face preparations of MAs from NFD (/ef)) and HFD (righ? mice. Dotted red lines indicate
guantal levels. (E) Averaged TRPV4gc sparklet activity (NPg) at MEPs in MAs from NFD
and HFD mice under baseline conditions (20 uM CPA) or in response to GSK101 (10 nM)
(n =7; sparklet activity: *£< 0.05 [CPA] and < 0.01 [GSK101] for NFD vs. HFD). (F)
Averaged TRPV4gc sparklet activity in MAs from NFD and HFD mice under baseline
conditions (20 uM CPA) and in response to GSK101 (10 nM) (n = 7). (G) Representative
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diameter traces for CCh (0.3-10 uM)-induced dilation of splenius muscle arteries from non-
obese and obese individuals. (H) Representative diameter traces for GSK101 (3—-30 nM)-
induced dilation of splenius muscle arteries from obese and non-obese individuals. (1)
Averaged diameter data for CCh -induced vasodilation in human splenius and temporalis
muscle arteries from obese and non-obese individuals (n = 6; A< 0.01 vs. non-obese; two-
way ANOVA). (J) Averaged diameter data for GSK101-induced vasodilation in human
splenius and temporalis muscle arteries from obese and non-obese individuals (n = 6; P<
0.01, < 0.01, vs. non-obese; two-way ANOVA). (K) Greyscale image of a field of view with
~ 20 ECs from an en face preparation of Fluo-4 loaded splenius muscle artery (SMA) from a
non-obese individual; yellow squares indicate sparklet sites in with CPA + GSK101 (10
nM). (L) TRPV4gc sparklet activity (NPg) at MEP in SMAs from non-obese and obese
individuals in response to GSK101 (10 nM) and in the presence of GSK219 (100 nM) (n =
4; P<0.001 [GSK101] for non-obese vs. obese and A< 0.01 [GSK101] vs. [GSK219]; one-
way ANOVA).
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Figure 3. Elevation of endothelial peroxynitrite (PN) impairs TRPV4gc channel activity in
obesity.
(A) Percent dilation of MAs from NFD, HFD, HFD AKAP150gc~", and HFD TRPV4gc ™~

mice in response to CCh (0.3-10 puM) in the presence or absence of L-NNA (100 pM) (n =
5-9; #P<0.05 [3 and 10 uM CCh] for NFD vs. NFD + L-NNA; ***P< 0.001 [1, 3, and 10
UM CCh] for HFD vs. HFD + L-NNA; two-way ANOVA). (B) Percent dilation of MAs from
NFD, HFD, HFD AKAP150gc """, and HFD TRPV4gc ™~ mice in response to GSK101 (3-
30 nM) in the presence or absence of L-NNA (100 uM) (n =5; *P< 0.05 at 3 nM GSK101
and < 0.001 at 10 nM GSK101 for HFD vs. HFD + L-NNA; two-way ANOVA).(C)
Representative images for CBA fluorescence in ECs of splenius muscle arteries from non-
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obese (fop-/ef?) and obese (bottom-Ief?) individuals; scatter plot of CBA fluorescence
intensity (righf) in ECs from non-obese and obese patients (P < 0.001; n= 12 fields from 3
arteries; t-test). (D) CBA fluorescence intensity in ECs of MAs from NFD and HFD mice (P
< 0.001; n = 13-15 fields from 3 arteries; t-test). (E) Representative F/Fg traces (/ef?) and
scatter plot of TRPV4g( sparklet activity (right) from MEP and non-MEP sites in fluo-4—
loaded MAs from HFD mice in the absence or presence of UA (200 uM) (n = 5; P< 0.01 for
MEP sites with vs. without UA; one-way ANOVA). Dotted red lines indicate quantal levels.
(F) Effects of UA (200 uM), FeTPPS (1 uM), tempol (200 uM), and Ebselen (1 uM) on CCh
(0.3-10 pM)-induced dilation of MAs from HFD mice (WT), TRPV4gc ™/~ HFD, and
AKAP150gc ™"~ HFD mice (n = 5-8; < 0.05; < 0.01; <0.001 vs. HFD only; two-way
ANOVA). (G) Changes in resting MAP (mm Hg) in NFD and HFD mice following i.p.
injection of FeTPPS (10 mg/kg; /ef)) (n = 3-4; P< 0.01 for FeTPPS-treated NFD vs.
FeTPPS-treated HFD, # P < 0.01 for FeTPPS-treated HFD vs. FeTPPS-treated TRPV4gc ™/~
HFD; one-way ANOVA) or UA (200 mg/kg; righf) (n = 3; P< 0.05 for UA-treated NFD vs.
UA-treated HFD, #£< 0.05 for UA-treated HFD vs. UA-treated TRPV4gc ™/~ HFD; one-way
ANOVA).
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Figure 4. Localized NOX1 and iNOS upregulation underlies PN-induced impairment of
TRPV4gc channel activity in obesity.

(A) Lefft representative merged z-stack images from en face preparations of third-order MAs
showing IEL autofluorescence (green) and NOX1 immunofluorescence (red) in NFD (/eft
panel) and HFD mice (right panel). Right, quantification of NOX1, NOX2, and NOX4
localization at MEPs in NFD and HFD mice (n = 5; ***P< 0.001 for NOX1 in HFD vs.
NFD; one-way ANOVA). (B) Representative merged z-stack images of iNOS staining, scale:
10 pm. (C) Quantification of iNOS localization at MEPs in NFD and HFD mice (n = 5; P<
0.001 for iNOS in HFD vs. NFD, t-test). (D) Relative NOX1 and iNOS mRNA levels in
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homogenates of whole MAs from HFD mice expressed relative to those from NFD mice
(**P<0.01 vs. NFD, one-way ANOVA, n= 4-5). (E) Representative F/Fg traces showing
the effect of the NOX1 inhibitor peptide NoxA1ds (1 uM) on TRPV4gc sparklet activity
(GSK101, 10 nM) in MAs from HFD mice. Dotted red lines indicate quantal levels. (F)
Effects of NoxAlds or negative control peptide (-NoxA1ds) on TRPV4gc sparklet activity at
MEP and non-MEP sites in fluo-4—loaded MAs from HFD mice (n = 5; £<0.001 for
sparklet activity at MEP sites in the presence vs. absence of NoxA1lds; one-way ANOVA).
(G) TRPV4gc sparklet activity (GSK101, 10 nM) at MEP sites in MAs from NFD and HFD
mice in the absence or presence of the iNOS inhibitor 1400W (1 uM, n =5; £< 0.001 for
sparklet activity at MEP sites in the presence vs. absence of 1400W; one-way ANOVA). (H)
Effects of NoxAlds or 1400W on CCh (0.3—-10 uM)-induced dilation of MAs from HFD,
TRPV4gc~'~ HFD, or AKAP150gc ™~ HFD mice (n = 5-8; *P< 0.05; < 0.01; < 0.001 vs.
HFD only; two-way ANOVA). (1) Effects of NoxAlds or 1400W on GSK101 (3-10 nM)-
induced dilation of MAs from HFD, TRPV4gc~/~ HFD, or AKAP150gc~~ HFD mice (n =
5-9; P<0.05; < 0.01; < 0.001 vs. HFD only; two-way ANOVA). (J) Change in mean arterial
pressure (MAP) following i.p. injection of 1400W (10 mg/kg) or L-NNA (100 mg/kg)
compared to HFD mice treated with vehicle (Veh, saline; n = 3-5; £< 0.05 for 1400W-
treated HFD vs.Vehicle-treated [Veh, saline] HFD, £ < 0.05 for L-NNA-treated HFD vs.
Vehicle-treated HFD; t-test).
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Figure 5. Peroxynitrite (PN) causes cysteine oxidation of AKAP150g¢ to inhibit AKAP150gc-

PKC-TRPV4g signaling.

(A) Representative traces (/ef]) and TRPV4gc sparklet activity (NPo) per site (right)
indicating the effect of PN (1 uM) on TRPV4gc sparklets at MEP and non-MEP sites in
Fluo-4—loaded MAs from WT mice in the presence of CPA and GSK101 (10 nM). Dotted
red lines indicate quantal levels. Data are presented as means + SEM (n = 5; ***P< 0.001
for NP at MEP sites in the presence vs. absence of PN; one-way ANOVA). (B) Left, an
image of EC in perforated patch configuration, middle, representative GSK101 (10 nM)-
induced outward TRPV4gc currents in freshly isolated ECs from WT mice and the effect of
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PN (5 pM) and GSK219 (100 nM), a single pulse from a holding potential of =50 mV to
+100 mV was applied in the presence of ruthenium red (1 uM) to inhibit Ca2*-induced
IK/SK currents, right, scatter plot showing TRPV4gc currents in the presence of GSK101
alone, GSK101 + PN, and GSK101 + PN + GSK219 (n=5, **P< 0.01 for GSK101 vs. PN;
### p < 0.001 for GSK101 vs. GSK219, one-way ANOVA). (C) Percent dilation in response
to GSK101 (3-30 nM) in MAs from WT mice in the absence or presence of PN (n = 5-8; P
< 0.01 [3 nM GSK101] and < 0.001 [10 nM GSK101] for percent dilation in the presence
vs. absence of PN; two-way ANOVA). (D) Percent dilation of MAs from WT mice in
response to CCh (0.3-10 uM) in the absence or presence of PN (n = 5-8; A< 0.001 [1 pM, 3
UM, and 10 pM CCh] in the presence vs. absence of PN; two-way ANOVA). (E)
Representative F/Fg traces (/eff) and scatter plot of TRPV4g sparklet activity (right, CPA +
GSK101, 10 nM) in Fluo-4—loaded MAs from AKAP150gc~"~ mice in the absence or
presence of PN (1 uM, n = 5). (F) Representative merged images from en face preparations
of third-order MAs showing IEL autofluorescence (green) and cysteine sulfenic acid (CSA)
immunofluorescence (red) in NFD (zop-/eff), HFD (top-right), and AKAP150gc~/~ HFD
(bottom-lefi) mice; quantification of CSA localization at MEPSs (bottom-right) in NFD,
HFD, and AKAP150gc~/~ HFD mice (n=3; P< 0.01 for HFD vs. NFD; P< 0.001 for
AKAP150gc™"~ HFD vs. HFD; one-way ANOVA). (G) Representative current traces of
GSK219-sensitive TRPV4 currents in HEK293 cells transfected with TRPV4 only (top-/ef?),
TRPV4+AKAP150WT (top-right), and TRPV4+AKAP150C36A (pottom-lefl) recorded in the
whole-cell patch-clamp configuration. Current density plot (bottom-right) of GSK219-
sensitive TRPV4 currents (n = 6; £< 0.01 for TRPV4 baseline vs. TRPV4+AKAP150WT
baseline, £< 0.001 for TRPV4+AKAP150WT baseline vs. TRPV4+AKAP150WT with PN;
ns for TRPV4+AKAP150C36A haseline vs. TRPV4+AKAP150C36A with PN; one-way
ANOVA).
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Figure 6. Peroxynitrite (PN) impairs AKAP150g¢c anchoring of PKC in obesity.
(A) Representative merged images from en face preparations of third-order MAs showing

IEL autofluorescence (green) and AKAP150g¢c immunofluorescence (red) in NFD (/eff) and
HFD mice (righf). (B) Quantification of AKAP150gc staining at MEPs in NFD and HFD
mice (n = 5). (C) Quantification of TRPV4 and AKAP150 mRNA levels in homogenates of
third-order MAs from HFD mice, expressed relative to those in NFD mice (n = 3). (D)
Representative PLA merged images of EC nuclei (6/ue) and AKAP150gc: TRPV4gc co-
localization (red puncta) in en face preparations of third-order MAs from NFD (/ef?) and
HFD (righ? mice. (E) Representative PLA merged images of EC nuclei (6/ue) and
AKAP150gc:PKC co-localization (red puncta) in third-order en face preparations of MAs
from NFD (/eff) and HFD (righ?) mice. (F) Quantification of AKAP150gc: TRPV4gc co-
localization (/eff) and AKAP150gc:PKC co-localization (right) in NFD and HFD mice.
AKAP150gc:PKC co-localization was rescued by uric acid (UA, 200 uM) in HFD mice (n =
5; *** P < 0,001 for HFD only vs. NFD only, #P< 0.01 for UA-treated HFD vs. HFD only;
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one-way ANOVA). (G) Left, representative PLA merged images of EC nuclei (b/ue) and
AKAP150£c:PKC co-localization (red) in MAs from WT mice in the absence or presence of
50 pM SIN-1. Right, quantification of AKAP150gc:PKC co-localization (righf) in WT mice
in the absence or presence of SIN-1 (n =5; £< 0.001 vs. Control; t-test). (H) Schematic
depicting the PN-dependent signaling mechanism that impairs endothelial function and
elevates blood pressure in obesity.
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