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Abstract

We recently identified a pathway underlying immune activation in hypertension. Proteins
oxidatively modified by reactive isolevuglandin (isoLG) accumulate in dendritic cells (DCs).
Prostaglandin E2 (PGE) has been implicated in the inflammation associated with hypertension.
We hypothesized that PGE> via its EP3 receptor contributes to DC activation in hypertension.
EP3~~ mice and wild type littermates were exposed to sequential hypertensive stimuli involving
an initial 2-week exposure to the nitric oxide synthase (NOS) inhibitor A®-nitro-L-arginine methyl
ester hydrochloride (L-NAME) in drinking water, followed by a 2-week washout period, and a
subsequent 4% high salt diet for 3 weeks. In wild type mice, this protocol increased systolic
pressure from 123 + 2 to 148 + 8 mmHg (p<0.05). This was associated with marked renal
inflammation and a striking accumulation of isoLG adducts in splenic DCs. However, the
increases in blood pressure, renal T cell infiltration and DC isoLG formation were completely
prevented in EP3~/~ mice. Similar protective effects were also observed in wild type mice that
received intracerebroventricular injection of a lentiviral vector encoding shRNA targeting the EP3
receptor. Further in vitro experiments indicated that PGE; also acts directly on DCs via its EP1
receptors to stimulate intracellular isoLG formation. Together, these findings provide new insight
into how EP receptors in both the central nervous system and peripherally on dendritic cells
promote inflammation in salt-induced hypertension.
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INTRODUCTION

In the last decade, increasing evidence has implicated a role of inflammation and immune
cells in the genesis of hypertension. Myeloid cells, T cells, and B cells have been observed
in the kidneys and vasculature of both hypertensive humans and in animals with
experimental hypertension. Mice lacking T cells are protected against angiotensin 11 and
deoxycorticosterone acetate (DOCA)-salt hypertension, and deletion of monocytes, which
give rise to macrophages and dendritic cells (DCs), completely prevents angiotensin I1-
induced hypertension.1: 2 Deletion of T cells in the Dahl salt-sensitive rat blunts the
hypertension and markedly reduces the renal damage associated with salt feeding.3

Research from our group has defined a potential mechanism by which antigen presenting
cells contribute to hypertension. We have found that hypertension caused by angiotensin Il,
DOCA-salt hypertension and A®-nitro-L-arginine methyl ester hydrochloride (L-NAME)/
high salt induce an increase in production of reactive oxygen species in CD11c positive
antigen presenting cells, leading to oxidation of polyunsaturated fatty acids and formation of
isolevuglandins.? These highly reactive products covalently modify self-proteins, which in
turn seem to be immunogenic.* > We showed that isolevuglandin (isoLG)-modified peptides
are presented in the context of MHC1.4 Loading DCs with isoLG-modified proteins
promotes their ability to activate T cells, and scavenging I1soLGs prevents hypertension, T
cell activation and end-organ damage.* Interestingly, we have found that angiotensin Il does
not directly stimulate isoLG-adduct formation, but that other factors in the hypertensive
milieu likely contribute. These include catecholamines released from sympathetic nerves and
increased extracellular sodium.> 6

A potent stimulus for DC activation is prostaglandin E, (PGE,), the predominant
prostaglandin metabolite of arachidonic acid. PGE, enhances DC maturation and is highly
effective in priming naive T cells.”- 8 PGE, also stimulates DC expression of C-C chemokine
receptor type 7, which enhances homing of these cells to lymph nodes where they interact
with T cells.® Of note, PGE, stimulates expression of co-stimulatory molecules including
CD80, CD86 and CD40.8 Relevant to this, CD80 and CD86 are critical for development of

Hypertension. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Xiao et al.

Page 3

hypertension.10 There are four known E prostanoid (EP) receptors of PGE,, termed EP1
through EP4, and the role of these on DC maturation and function seems to vary. EP1 and
EP3 receptors stimulate FIt3 expression on hematopoietic progenitor cells and via signaling
through STAT3, stimulates survivin expression and in turn enhances survival of DC-
committed progenitor cells.1! PGE, stimulates chemotaxis of human monocyte derived DCs
early in their development.

In addition to stimulation of DCs, PGE, signaling has major effects on vascular function and
blood pressure control. Clinically, treatment with nonsteroidal anti-inflammatory agents,
which inhibit not only PGE> synthesis but also production of vasodilator prostaglandins, is
associated with hypertension. The effects of PGE, on blood pressure seem highly dependent
on the EP receptors activated. Guan et a/. showed that blockade of EP1 lowered blood
pressure in spontaneously hypertensive rats, and that genetic deletion of EP1 markedly
blunted angiotensin ll-induced hypertension.12 Likewise, Chen et a/. showed that knockout
of EP3 in mice reduces baseline blood pressure and markedly decreases angiotensin 11-
induced hypertension.13 Recently we showed that while PGE, alone evokes minimal
contraction of mouse femoral arteries, in the presence of angiotensin I, it causes striking
increases in tone.1 This potentiating effect is absent in mice lacking EP3 receptors, but not
in mice lacking EP1 receptors.1# Pretreatment with the EP3 receptor antagonist DG-041
prevented angiotensin Il priming of constriction to angiotensin 11.14

Given the role of PGE; in blood pressure control and DC differentiation, it is compelling to
hypothesize that it has a role in modulating DC immunogenicity in hypertension. In this
regard, Zhang et al. showed that salt feeding stimulates cyclooxygenase (COX) 2 and PGE
synthase mRNA expression in renal macrophage/ monocytes and DCs, and that the major
prostanoid made by these cells is PGE,.1® Thus, PGE, produced by myeloid cells could
have autacoid actions on adjacent cells in the kidney and vasculature where monocyte-
derived cells accumulate in hypertension.

In the present study, we examined the specific role of the EP3 receptor in DC activation in a
model of salt-induced hypertension. We tested the hypothesis that PGE, can stimulate
isoLG-adduct formation and maturation parameters in DCs. We further examined the role of
EP1 and EP3 receptors in modulation of the response of DCs to PGE,.

METHODS

Animals:

An extended methods section is available in the Online Data Supplement. The authors
declare that all supporting data are available within the article and its online supplementary
files.

Wild type C57BL/6 mice were obtained from Jackson Laboratories and were studied at 3
months of age. Generation of EP3 receptor deficient (EP3~~) mice on a C57BL/6
background has been previously described.18 Hypertension was induced by adding the nitric
oxide synthase inhibitor L-NAME to the drinking water (0.5 mg/mL) for 2 weeks, followed
by a 2-week washout and subsequently feeding a high-salt diet (4% NaCl) for 3 weeks.
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Conscious blood pressure measurement using telemetry was performed as previously
described.17 18 For DC adoptive transfer, 108 splenic DCs were obtained from wild type
mice by magnetic isolation, and injected into recipient EP3~/~ mice via tail vein as
previously described.® Power spectral analyses of blood pressure and heart rate were
performed using the HemoL ab software suite version 20.7 as previously described.1® To
knockdown EP3 receptor expression in the brain, mice underwent a surgical procedure
during which either a lentiviral vector expressing ShRNA targeting EP3 gene or scrambled
control sequences were administered via intracerebroventricular (ICV) injection. At study
termination, mice were euthanized by exposure to CO,. The Institutional Animal Care and
Use Committee approved all experimental protocols.

Flow cytometry:

To examine renal inflammatory cell infiltration, single cell suspensions were prepared and
analyzed by flow cytometry as previously described.18 IsoLLG adducts in DCs were
determined by intracellular staining using a single chain antibody D11 as described
previously.# This antibody accurately detects isoLG attached to lysines in peptides and
proteins independent of adjacent amino acid sequence.

Primary culture of DCs:

DCs were positively selected from the spleen using an autoMACS separator and CD11c
magnetic beads (Miltenyi Biotech). The purity of these was confirmed to be >95% by flow
cytometry. Splenic CD11c* cells were placed in 24-well plates at a density of 5x10° per well
and cultured in 500 pL RPMI11640 medium supplemented with 10% fetal bovine serum for
24 hours. PGE,, EP1 receptor antagonist SC-51322, EP3 receptor antagonist DG-041, EP1
or EP3 receptor agonists 17-phenyl-trinor-PGE2 (Cayman Chemical, Ann Arbor, Ml),
sulprostone (Cayman Chemical, Ann Arbor, MI), MB-28767 (a gift from Dr. M.P.L. Caton
Rhone-Poulenc), and ONO-AE-248 were applied as indicated below. DG-041 and ONO-
AE-248 were provided by the Vanderbilt Institute of Chemical Biology Synthesis Core.

Real-time PCR:

After euthanasia, brains were quickly removed from mice after L-NAME/high salt and
immediately frozen on dry ice. Tissue samples from subfornical organ (SFO), organum
vasculosum laminae terminalis (OVLT), paraventricular nucleus (PVN), and cortex were
punched in a cryostat according to coordinates taken from a mouse atlas.29 With total RNA
and then cDNA obtained from samples, the expression of COX-1, COX-2, EP1, EP2, EP3
and EP4 receptors, as well as p-actin as a control gene, were measured using TagMan real-
time PCR.

Confocal Microscopy:

For superoxide detection, kidneys were rapidly removed after euthanasia, immersed in
optimal cutting temperature media, and frozen in dry ice. Thirty-um sections were obtained
and used for detecting superoxide by DHE as described previously.?!
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Immunohistochemistry:

Statistics:

RESULTS

Five-micron sections were obtained from formalin fixed, paraffin embedded kidneys.
Collagen was visualized and quantified by Masson Trichrome blue staining as previously
described.* 6

Data are expressed as mean + SEM. To compare the effect of EP3 receptor deficiency in
hypertension, two-way analysis of variance ANOVA was used. For telemetry blood pressure
measurements over time, two-way ANOVA with repeated-measures was employed, followed
with a Bonferroni post hoc test when significance was indicated. P values are reported in the
figures and a value less than 0.05 was considered statistically significant.

Role of EP3 Receptor in L-NAME/High Salt-induced Hypertension:

Consistent with previous studies, the L-NAME/high salt protocol caused hypertension in
wild type mice.18 However, EP3 receptor deficiency significantly attenuated this response
(Figure 1A). Heart rate was similarly elevated in both wild type and EP3~/~ mice during L-
NAME and high salt diet feeding. Spectral power analysis of the blood pressure and heart
rate variability however showed that the ratio of low-frequency to high-frequency heart rate
oscillations was significantly increased after L-NAME/high salt in wild type mice, but not in
EP3~~ mice (Figure 1B and S1B). Likewise, the L-NAME/high salt protocol increased the
low-frequency/high-frequency ratio in the blood pressure variability of wild type, but not
EP3~/~ mice (Figure 1C and S1C). In keeping with this, urinary norepinephrine was elevated
in wild type mice but not in mice lacking EP3 receptors during hypertension (Figure 1D),
further supporting that EP3 deficiency blunts sympathetic outflow.

Effects of EP3 Receptor Deficiency on Renal Injury:

Superoxide production in both renal tubular cells and the vasculature contributes to
hypertension. As measured by dihydroethidium staining, superoxide production was
increased in the kidneys of mice with L-NAME/high salt hypertension, particularly in
vascular endothelial cells. This was absent in mice lacking EP3 receptors (Figure 2A and
2B). Renal collagen deposition, as evidenced by Masson’s Trichrome staining, was
increased in wild type, but not EP3~/~ mice (Figure 2C and 2D).

Effect of EP3 Receptor Deficiency on Renal Inflammation and T-Cell Activation in L-NAME/
High Salt-induced Hypertension:

Flow cytometry of single cell suspensions of the kidney showed that L-NAME/high salt
induced a 2 to 3-fold increase in total renal leukocytes, total T cells and both CD4* and
CD8* T cells, as well as IFN-y and 1L-17a produced from T cells, and that this was
prevented in EP3~/~ mice (Figure 3). Further, L-NAME/high salt increased both CD44high/
CD62LNgN central and CD44N9N/CDB2LIOW effector memory T cell formation in the kidney
and this was also blunted in EP3~~ mice (Figure S2).
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Effect of EP3 Receptors on Dendritic Cell Activation in L-NAME/High Salt-induced
Hypertension:

Because DCs play a critical role in activating T cells and contribute to hypertension, we
performed additional studies to determine if EP3 receptors modulate DC phenotype. The L-
NAME/high salt protocol increased amount of isoLG adducts in DCs by approximately 50%
from the spleen of wild type animals, but not in DCs of EP3~/~ mice (Figure 4B). During
DC maturation, surface expression of the co-stimulatory molecules CD80 and CD86 is
increased and we have shown these B7 ligands are essential for hypertension.>10 Consistent
with these previous findings, L-NAME/high salt increased surface expression of CD86 in
DCs of WT but not EP3~/~ mice (Figure 4C).

We performed additional experiments to determine the role of EP3 receptors on DCs versus
those on other cells in L-NAME/high salt-induced hypertension in EP3/~ animals. We
isolated 106 splenic DCs isolated from wild type donors and transferred them to EP3
receptor deficient recipient mice. When subjected to L-NAME/high salt, these chimeric mice
were still protected from hypertension during high salt diet, similar to EP37/~ mice,
indicating EP3 receptors on DCs do not play a role in hypertension, while those on other
somatic cells are likely critical (Figure S3).

Effect of EP3 Receptors in the Central Nervous System in L-NAME/High Salt-induced
Hypertension:

Because the power spectral analyses indicated a role of EP3 receptor in modulating
autonomic control of blood pressure and heart rate, we collected brain samples from mice
under normal salt diet, after 2 weeks of L-NAME, as well as after completion of L-NAME/
high salt protocol. The expression of cyclooxygenases and EP receptors, determined by real-
time PCR, is shown in the heat map in Figure 5A, as well as Figure S4 and S5. COX-2
expression was significantly upregulated in the OVLT of mice that received L-NAME/high
salt, but not in the SFO or PVN. Interestingly, among EP receptors, EP3 expression was
greatest in the OVLT, and was downregulated following L-NAME/high salt. We therefore
hypothesized that EP3 receptors in the OVLT, and possibly other circumventricular organs,
mediate salt sensitive hypertension in L-NAME/high salt model. Expression of the EP3
receptor in circumventricular organs of wild type mice was knocked down by EP3 shRNA
via ICV injection. As assessed by radiotelemetry, a ~15mmHg reduction of systolic blood
pressure was observed in mice that had ICV injection of shRNA against EP3 receptor,
compared to mice that received control vector injection during the high salt phase of the L-
NAME/high salt protocol (Figure 5B). Power spectral analysis also revealed that these mice
also had reduced sympathetic outflow during the high salt phase, as indicated by lower
frequency to high frequency ratios in both blood pressure and heart rate oscillations.
Silenced expression of EP3 receptor was confirmed in the OVLT and SFO (Figure 5D). Flow
cytometry of splenic DCs indicated a marked attenuation of isoLG-adducted proteins
(Figure 6A), and this was associated with alleviated tissue infiltration of total leukocyte,
total T cells, F4/80" monocytes/macrophages, CD4* and CD8* T cell subsets (Figure 6D
and Figure S6).
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Direct Effects of PGE5 on IsoLG formation in Dendritic Cells:

To further determine if PGE; directly promotes isoLG adduct formation in DCs, we cultured
mouse splenic DCs with increasing doses of PGE, for 24 hours. As shown in Figure 6A, 50
nM PGE; tripled isoLG adducts in DCs from baseline, and this is accompanied with
upregulation of CD86 expression (Figure S7A and S7B). To further determine the EP
receptor subtypes involved in these effects, splenic DCs were pretreated with EP1 or EP3
receptor antagonists before PGE, was added. Interestingly, the EP1 receptor antagonist
SC-51322 completely prevented the accumulation of isoLG adduct induced by PGE,, but
EP3 receptor blocker DG-041 did not (Figure S7C). In a separate experiment, splenic DCs
were stimulated with EP1 or EP3 receptor agonists. 17-phenyl-trinor-PGE,, which has
similar affinity to mouse EP1 and EP3 receptors, increased isoLG adduct formation.
However, sulprostone, MB-28767, and ONO-AE-248, which preferentially bind to EP3
receptors in mouse cells, did not affect isoLG adduct formation (Figure S7D).

DISCUSSION

The current studies indicate that PGE,, by acting on the EP3 receptor, plays a critical role in
initiating inflammation in a salt-sensitive model of hypertension as delineated in the scheme
shown in Figure 6F. Our data indicate that mice lacking the EP3 receptor develop blunted
hypertension during the salt feeding phase of the L-NAME/high salt challenge, and this is
associated with reduced renal infiltration of T cells. Importantly, activation of DCs, as
evidenced by surface expression of CD86 and accumulation of 1soLG-protein adducts is
markedly reduced in mice lacking EP3 receptors. While EP3 receptors are widely
distributed, our data also suggest a predominant effect of central EP3 receptors, as power
analysis of heart rate and blood pressure variability and urinary norepinephrine suggested
that sympathetic outflow is reduced in EP3~/~ mice and central knockdown of this receptor
using ICV injection of shRNA yielded a phenotype similar to its global deficiency. We also
observed that the EP3~/~ mice had reduced superoxide production in the kidney and were
protected from developing renal fibrosis in hypertension. PGE; also was found to have direct
effects on DCs, causing reactive oxygen species (ROS) production and isoLG adducted
protein formation. However, this is mediated by EP1 but not EP3 receptors in DCs.

PGE, and the EP3 receptor have been previously shown to modulate blood pressure and
hemodynamics in various animal models of hypertension. In keeping with our current
findings, blockade of the EP3 receptor attenuates angiotensin Il-induced vasoconstriction
and its acute pressor response in mice.22 Activation of EP3 potentiates vasoconstriction of
renal afferent arterioles,23 and EP3 receptor deficient mice have higher baseline renal blood
flow than wild type mice.24 We have also shown that EP3 receptor promotes
vasoconstriction through concurrent signaling with the angiotensin 11 type 1 receptor.14: 24

Data from our in vivo and in vitro experiments indicates that PGE, likely modulates DC
activation in hypertension through multiple mechanisms. PGE5 has prominent effects on
ROS production and isoLG adduct accumulation in DCs in vitro. These direct effects of
PGE, seem to be mediated by EP1 activation, as they were prevented by the EP1 receptor
antagonist SC-51322 and not by the EP3 receptor antagonist DG-041. The abrogated
accumulation of isoLG adducts in DCs of EP3~/~ mice is more likely to be caused by
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attenuated ROS production in the kidney. This is compatible with our previous finding that
increased efferent renal sympathetic tone promotes ROS production in the kidney, leading to
isoLG adduct accumulation in DCs and subsequent activation of adaptive immunity in
hypertension.®

A major role of the EP3 receptor in the sympathetic nervous system is supported by the
changes in power spectra of blood pressure and heart rate of EP3~/~ mice, as well as the data
from transduction of shRNA targeting EP3 receptor in the central nervous system. Recent
studies from acute central administration of PGE, and selective EP receptor subtype agonists
and antagonists indicate that activation of EP3 in the PVN and rostral ventrolateral medulla
stimulates sympathetic outflow and increase in blood pressure.2>-27 Compared to other EP
receptors, we found the EP3 receptor to be highly expressed in the OVLT. We also observed
enhanced expression of COX-2 and a downregulation of EP3 receptor in the OVLT during
the high salt phase in the L-NAME/high salt treated mice, suggesting that COX-2 dependent
PGE, production leads to activation of EP3 receptors and subsequent activation of
sympathetic nervous system. Of note, the down regulation of EP3 receptor expression is
possibly due to a negative feedback mechanism in response to long term overactivation of
this G-protein-coupled receptor. A previous study by Wei et al. showed a similar
upregulation of COX-2 in the SFO and PVN of rats that received SFO microinjection of
tumor necrosis factor-a or interleukin-1p, suggesting that neuroinflammation may lead to
feedforward systemic immune activation.28

It is particularly interesting that upregulation of COX-2 was only found in the OVLT as a
result of the L-NAME/high salt protocol. As a part of the circumventricular organs in the
brain, the OVLT has a highly permeable microvasculature and plays a pivotal role in sensing
and regulating plasma osmolality.2® Kinsman et al. recently showed that OVLT neurons
detect extracellular NaCl, and promote sympathoexcitation to raise in blood pressure.3° It is
possible that COX-2 dependent PGE, and EP3 signaling mediates OVLT pre-sympathetic
neuronal activity in response to high salt feeding. It is of interest that angiotensin Il-induced
hypertension has been linked to ROS production the SFO, another site in the lamina
terminalis, through COX-1 dependent EP1 receptor activation.31 Of note, recent studies have
established a role of superoxide formation the OVLT in driving sympatho-excitation in
angiotensin ll-induced hypertension.32: 33

Our in vitro experiments suggest that EP1 receptor activation can also have direct effects on
DCs. We observed a marked effect of EP1 stimulation of DCs in culture on isoLG adduct
formation. Others have shown that blockade or deletion of the EP1 receptor reduces
oxidative stress and hypertension development.12: 31 This direct EP1 effect on DCs and its
role in hypertension requires future investigation, however our current data suggest that ROS
production from tissue (e.g. renal vasculature) may play a more important role than DC
intracellular ROS in immune activation in hypertension. We have previously shown that
vascular ROS can promote formation of isoLGs in antigen presenting cells,3* and it is likely
that a similar mechanism is operative in the case of salt-feeding, as indicated by our current
findings. Monocytes and monocyte derived DCs are intimately related to the vasculature,
and could either receive oxidant signals from adjacent vessels, or perhaps phagocytose
oxidatively modified proteins made in adjacent vessels.
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In conclusion, we found that PGE, and the EP3 receptor are essential in the development of
salt sensitive hypertension and activation of adaptive immune cells through activation
sympathetic outflow. Further studies are needed to understand the mechanism by which high
salt diet induce COX-2 expression in the central nervous system, which may lead to new
therapeutic targets for treatment of salt-sensitive hypertension.

Perspectives

It is well accepted that PGE, plays multiple roles in the cardiovascular system and
inflammation, and many of its pro-hypertensive and pro-inflammatory effects are mediated
by EP1 and EP3 receptors. We have demonstrated that salt-sensitive hypertension in L-
NAME/high salt model requires PGE; acting on EP3 receptors in the central nervous
system, which leads to enhanced sympathetic outflow, peripheral ROS production, isoLG
adducted protein accumulation in DCs and renal inflammation. PGE; also directly
stimulates ROS production and isoLG adduct formation in DCs through EP1 but not EP3
receptor. These observations provide evidence for a previously unrecognized role of EP3
receptor in hypertension and renal inflammation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ANOVA Analysis of variance
CD cluster of differentiation
COX cyclooxygenase
DC dendritic cell
DOCA deoxycorticosterone acetate
EP E prostanoid
ICV intracerebroventricular
isoL G isolevuglandin
L-NAME N®-nitro-L-arginine methyl ester hydrochloride
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OVLT organum vasculosum of the laminae terminalis
PGE> prostaglandin E,
PVN paraventricular nucleus
ROS reactive oxygen species
SFO subfornical organ
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Novelty and Significance
What is new:

We identify a previously unknown role of central EP3 receptors in modulating immune
activation and hypertension.

What isrelevant:

These findings provide new insight into understanding how the central nervous system
regulates inflammation in hypertension.

Summary:

EP3 receptors in the brain, likely in the organum vasculosum of the lateral terminalis, are
activated by PGE2 in hypertension and promote sympathetic outflow that in turn
increases reactive oxygen species production in peripheral tissues, particularly the kidney.
These events promote formation of isolevuglandin adducts, which seem to act as
neoantigens in dendritic cells. Genetic deletion or ShRNA mediated local knockdown of
EP3 in the circumventricular organs prevents these effects and lowers blood pressure.
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Figure 1:

Effects of EP3 deficiency on L-NAME/high salt induced hypertension and autonomic
function. Wild type and EP3~/~ mice received 0.5 mg/mL L-NAME (LN) in the drinking
water, followed by a 2-week washout (WO) and subsequently a 4% high-salt diet. Systolic
blood pressure (BP), diastolic BP and heart rate (panels A) were measured by telemetry.
Power spectral analysis of blood pressure and heart rate variabilities at night time are shown
in B and C. Spot urine was collected at the end of high salt treatment, and urinary
norepinephrine (NE) was determined by HPLC as shown in D. Blood pressure and heart rate
data were analyzed by area under the curve followed with t test, data from the power spectral
analysis and urinary norepinephrine were analyzed with 2-way ANOVA and Bonferroni
post-hoc multiple comparisons. n=5 to 9 in each group. *P<0.05, **P<0.01.
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Figure 2:

Effects of EP3 deficiency on renal oxidative stress and renal fibrosis in response to L-
NAME/high salt (LN/HS) induced hypertension. DHE fluorescence was visualized at 530
nm to 560 nm and relative fluorescence intensity was quantified in (A) and (B). Collagen
was identified using Masson’s trichrome blue stain and quantified in (C) and (D). Data were
analyzed using 2-way ANOVA and post-hoc multiple comparisons. *P<0.05, **P<0.01, n=
4 to 8 in each group. Black lines denote 100 pm.
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Figure 3:
Effects of EP3 deficiency on renal leukocyte and T-cell infiltration. Mice underwent L-
NAME/high salt (LN/HS) protocol as in figure 1. Flow cytometry gating strategy of kidneys
are shown in (A). Live singlet cells were gated for total leukocytes (CD45%), monocytes/
macrophages (F4/80%), total T cells (CD3*), CD4* and CD8" T cells. Representative
<1—> intracellular staining for IFN-y and IL-17A in CD3* T cells from wild type and EP3~/~
o mice, as well as respective fluorescence-minus-one (FMO) controls are shown in (B). Mean
S data are shown in (C). Data were analyzed using 2-way ANOVA followed by Bonferroni
post-hoc test, n=5 to 12 in each group. *P<0.05, <0.01.
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Figure 4:
Effects of EP3 deficiency on dendritic cell activation and isoLG adduct formation in L-

NAME/high salt (LN/HS) induced hypertension. DCs were gated after exclusion of
macrophages, and expression of costimulatory molecules CD86, and intracellular isoLG-
protein adducts were measured. Representative results are shown in (A), and mean data are
shown in (B) and (C). Fluorescence minus one controls (FMO) were shown in black dashed
lines. Data were analyzed using 2-way ANOVA. *P<0.05, n=4 to 6 in each group.
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Figure5:
Role of central EP3 receptors in L-NAME/high salt induced hypertension. Punch biopsies of

the subfornical organ (SFO), organum vasculosum laminae terminalis (OVLT),
paraventricular nucleus (PVN) and cortex were collected from mice after normal salt (NS),
L-NAME only (LN), and L-NAME/high salt (LN/HS). Gene expression of COX-1, COX-2,
and PGE; receptors (EP1-EP4) was determined by real time PCR shown in (A). Beta-actin
was used as control gene to calculate ACt, n=3 to 9 in each group. Knockdown EP3 receptor
was accomplished by ICV injection of 107 lentivirus vectors encoding shRNAs targeting
EP3 gene or scrambled control sequences. After recovery from surgery, mice were subjected
to L-NAME/high salt protocol, and systolic blood pressure (BP), diastolic BP and heart rate
were recorded using telemetry shown in (B). Data were analyzed by area under the curve
followed with t test. Power spectra analyses (PSA) of blood pressure and heart rate
variability (BPV and HRV) are shown in panel (C). After animals were sacrificed, EP3
receptor mRNA levels in OVLT, SFO, PVN, and cortex were determined by real time PCR
shown in (D). Data were analyzed by multiple t tests, *P<0.05, **P<0.01, n=7 in both
groups.
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Figure6:
Role of central EP3 receptors in L-NAME/high salt induced renal inflammation. IsoLG

adducts in splenic DCs were quantified by flow cytometry shown in (A). Total leukocytes
(CD45%), total T lymphocytes (CD3%), monocytes/macrophages (F4/80%), and CD4* and
CD8* T cell subsets in the kidney were quantified by flow cytometry shown in from panel B
to E. Data were analyzed by student t tests. P<0.05, **P<0.01, n=7 in both groups.

Hypertension. Author manuscript; available in PMC 2020 December 01.



	Abstract
	Graphical Abstract
	INTRODUCTION
	METHODS
	Animals:
	Flow cytometry:
	Primary culture of DCs:
	Real-time PCR:
	Confocal Microscopy:
	Immunohistochemistry:
	Statistics:

	RESULTS
	Role of EP3 Receptor in L-NAME/High Salt-induced Hypertension:
	Effects of EP3 Receptor Deficiency on Renal Injury:
	Effect of EP3 Receptor Deficiency on Renal Inflammation and T-Cell Activation in L-NAME/High Salt-induced Hypertension:
	Effect of EP3 Receptors on Dendritic Cell Activation in L-NAME/High Salt-induced Hypertension:
	Effect of EP3 Receptors in the Central Nervous System in L-NAME/High Salt-induced Hypertension:
	Direct Effects of PGE2 on IsoLG formation in Dendritic Cells:

	DISCUSSION
	Perspectives
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Figure 5:
	Figure 6:

