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Sympathetic Innervation Promotes Bone
Marrow Homing of Hypertension-specific CD8*
Effector Memory T Cells

PrimaryAuthor.AuthorBlock:Liang Xiao, Hana A
Itani, Jason D Foss, David G Harrison, Vanderbilt
Univ Medical Ctr, Nashville, TN

We have recently identified a critical role of
hypertension-specific effector memory T
lymphocytes (Tem cells) in the blood pressure
elevation and renal dysfunction caused by
repeated hypertensive stimuli. Formed during
an initial immune challenge, Tem cells reside in
the bone marrow (BM) in a quiescent state for
prolonged periods, and can be reactivated upon
re-exposure to the hypertensive stimulus.
Hypertension is associated with increased
sympathetic outflow. We therefore
hypothesized that sympathetic nerves regulate
accumulation and reactivation of hypertension-
specific Tem cells in the BM. We performed
unilateral superior cervical ganglionectomy
(SCGx) in wild-type C57BL/6 mice, causing
selectively sympathectomy of the forelimb on
the surgical side. After recovery, mice received
Ang Il infusion for two weeks. To determine the
changes of T cells in the BM that were specific
to hypertension, 5x10° BM cells were isolated
from either the SCGx or control limbs, loaded
with proliferation marker CFSE, and co-cultured
with 0.5x108 splenic dendritic cells isolated
from another Ang ll-infused mouse. We found
30% less CD8" T cell proliferation in the SCGx
BM compared to control side (1.8+0.1 vs.
2.620.3x10%), but no difference in CD4* T cells.
To further study the effect of sympathetic

nerves on BM T cell homing, 1x107 pan T cells
were isolated from CD45.2" wild-type mice after
Ang Il infusion and adoptively transferred to
CD45.1 mice that had previously undergone
unilateral SCGx. Flow cytometry indicated that 7
days after transfer, 25% fewer CD8* Tem cells
from the hypertensive donors homed to the
SCGx BM compared to the innervated BM
(27.842.6 vs. 20.8+2.5 per 10° total BM cells).
This effect was specific for hypertension as
homing of OT-I Tem cells, which are responsive
to ovalbumin, was not influenced by
sympathectomy. Further adoptive transfer
studies using mice lacking beta 2 adrenergic
receptors (B2AR) indicate that $2AR in the bone
marrow niche, rather than T cell B2AR is critical
for Tem cell homing. These data define a novel
role of sympathetic nerves in regulation of
memory T cell trafficking, and this likely
contributes to the predisposition to
hypertension and end-organ damage for
prolonged periods following an initial episode of
hypertension.
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Neuropilinl: New Splenic Mechanisms
Mediating the Guidance of Neural Cues in
Immune Cells Relevant for Hypertension
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Sapienza Univ/IRCCS Neuromed, Pozzilli, Italy;



Marialuisa Perrotta, Maria Piacenti, Roberta
lacobucci, Giuseppe Cifelli, IRCCS Neuromed,
Pozzilli, Italy; Giuseppe Lembo, Sapienza
Univ/IRCCS Neuromed, Pozzilli, Italy

Investigation of immune mechanisms involved
in hypertension (HTN) is one of the most
emerging research area in the field. On this
note, we found that hypertensive hits activate
nervous system in splenic marginal zone (MZ2)
that represents the boundary between
lymphoid white pulp and innate red pulp. The
fact that both innate and adaptive immunity
contribute to HTN strongly suggests that
neuroimmune mechanisms couple myeloid and
lymphoid cells in transducing hypertensive hits
into increased blood pressure (BP). We
previously showed that Placental Growth Factor
(PIGF), a VEGF homolog, released in the splenic
MZ upon Angiotensin Il (Angll), mediates this
interaction. Here we dissect the downstream
pathway conveying nervous outflow into
immune activation. PIGF is expected to act
through its major receptor VEGFR1, its only
known tyrosine kinase receptor. First we found
that it is mainly expressed in splenic innate
immune cells and vasculature, both in basal
conditions and upon Angll. To test VEGFR1 in
HTN, we challenged transgenic mice with
defective VEGFR1 signaling (FIt1-TK) with Angll.
To our surprise, they raised BP upon 28-days
Angll as WT mice did (SBP: FIt1-TK 139+2; WT
138+2; ***p< 0.001), thus suggesting the
existence of alternative pathways. PIGF may
also act on a co-receptor, Neuropilinl (Nrpl),
known to enhance responses to ligands. In
addition, Nrp1 has unique functions in neurons
guidance during development and in the
maturation of dendritic cells from monocytes.
We found Nrpl basally expressed and strongly
increased upon Angll, especially in MZ
macrophages. To test the hypothesis that
PIGF/Nrp1 pathway could mediate a
neuroimmune activation of dendritic cells
relevant for HTN, we selectively deleted the

’

receptor in myeloid lineage, generating
Nrp1ff:LysM-Cre transgenic mice. After
assessing Nrpldeletion in splenic
monocyte/macrophages by FACS, we infused
Angll and found a protection from T cells
costimulation and egression from the spleen.
More important, they were protected from HTN
(SBP: Nrp1™f:LysM-Cre* 140+3; Nrp1™:LysM-
Cre’ 105+2; ***p< 0.001). Our data indicate a
crucial role of Nrp1 in HTN, mediating non-
canonical PIGF signaling in innate immunity that
serves as a guidance of nerves priming adaptive
immune responses.
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Role of Transient Receptor Potential Ankyrin 1
in Monocyte Activation and Hypertensive
Kidney Injury

PrimaryAuthor.AuthorBlock:Shuangtao Ma,
Michigan State Univ, East Lansing, MI; Kecheng
He, Shujie Wei, Chengdu Military General Hosp,
Chengdu, China; Peijian Wang, Chengdu
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China; Donna H. Wang, Michigan State Univ,
East Lansing, Ml

It has been shown that monocyte activation and
infiltration occur during the development of
hypertensive kidney disease, a condition newly
recognized as an inflammatory disorder.
Indeed, monocytosis is linked to chronic kidney
disease. Transient receptor potential ankyrin 1
(TRPA1), a Ca**-permeable non-selective cation
channel, has been shown to be an oxidative



stress sensor that regulates neurogenic
inflammation due to its abundant expression in
sensory nerves. With the use of gPCR and
immunostaining, we identified that the TRPA1 is
also expressed in human and murine
monocytes. The gene expression of TRPA1 is
decreased in peripheral monocytes in
hypertensive patients compared to
normotensive subjects (-6-fold, p<0.05) and in
kidney tissues in angiotensin 1l (1000ng/kg/min,
s.c., 14 days)-induced hypertensive compared
to control mice (-9-fold, p<0.01). The
differentiation of human monocytic leukemia
cells (THP-1) into macrophages induced by
phorbol 12-myristate 13-acetate (PMA, 100nM,
48h) was accompanied with decreases in TRPA1
expression (-8-fold, p<0.05) and increases in
pro-inflammatory cytokines, including
interleukin (IL)-1B (+705-fold, p<0.01),
monocyte chemotactic protein (MCP)-1 (+16-
fold, p<0.01), and CD36 (+7-fold, p<0.01).
Treatment with supercinnamaldehyde (SCA), a
TRPA1 agonist, decreased the expression of IL-
1B (-12-fold, p<0.01), MCP-1 (-3.5-fold, p<0.01),
and CD36 (-2-fold, p<0.05) in THP-1-derived
macrophages, whereas these effects were
abolished by pre-treatment with the selective
TRPA1 antagonist, HC-030031 (HC).
Additionally, HC promoted the proliferation of
THP-1 cells while SCA suppressed THP-1 cell
growth and variability. SCA induced the
apoptosis of THP-1 cells (Annexin V positive
cells: 8.5+1.4% vs. 30.1+£2.4%, p<0.01), which
can be blocked by HC (30.1+2.4% vs. 15.611.9%,
p<0.01). These results show that TRPA1
activation inhibits monocyte activation and
differentiation, and that suppressed expression
of TRPA1 occurs in monocytes and kidneys in
hypertensive patients and animals, respectively.
These findings indicate that impaired
expression and function of TRPA1 may
contribute to monocytosis and pro-
inflammatory state during hypertension,
leading to hypertension related kidney injury.
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Plasma Zonulin, Along With a Unique Gut
Microbiome Profile, Are Potential Predictors of
Systolic Blood Pressure in Humans

PrimaryAuthor.AuthorBlock:Seungbum Kim,
Ruby Goel, Yanfei Qi, Elaine M Richards,
Mohammed Mohammed, Eileen M Handberg,
Carl J Pepine, Mohan K Raizada, Univ of Florida,
Gainesville, FL

Objectives: We have previously shown that gut
pathophysiology and dysbiosis are closely
associated with hypertension (HTN) in animal
models. However, whether this association also
occurs in human HTN is unknown. To address
this knowledge gap, we tested two hypotheses.
1. Hypertensive patients (HTN) have gut barrier
dysfunction. 2. Prediction of blood pressure will
be possible from circulating markers of gut
health and gut microbiome composition. Design
and Method: Plasma and fecal samples were
collected from HTN (n=22, mean SBP
155.84+3.4mmHg) and reference subjects
without HTN (REF) (n=18, mean SBP
121.14+1.5mmHg) (see ClinicalTrials.gov,
NCT02188381 for protocol). Gut microbiomes
were analyzed using shotgun metagenomic
sequencing and Qiime. Plasma analytes were
measured by ELISA. Results: Plasma intestinal
fatty acid binding protein (REF;1.2 + 0.1 ng/ml,
HTN;1.9 £ 0.2 ng/ml, p=0.0097) and
lipopolysaccharide (REF; 39.0 9.5 pg/ml, HTN;
98.0 + 26.2 pg/ml, p=0.0423) were increased in
HTN, suggesting increased intestinal
inflammation and permeability. Additionally,



the soluble form of zonulin (regulator of gut
tight junction proteins) was markedly elevated
in the plasma of HTN (REF; 28.4 £ 2.0 ng/ml,
HTN; 42.6 * 2.7 ng/ml, P=0.0002) further
supporting gut barrier dysfunction. Plasma
zonulin was correlated with SBP (R?=0.5301,
p<0.0001). Two models predicting SBP were
built using stepwise linear regression analysis of
microbiome shotgun metagenomics data and
circulating markers of gut health. The first
model used plasma zonulin as a single
predictor, and the second zonulin plus butyrate
producing bacteria (adjusted R? values of 0.506
and 0.554 respectively, p<0.001 for both). Our
first model was validated by prediction of SBP in
a separate validation cohort (n=36) from
zonulin plasma levels (R?=0.4608, p<0.0001).
Conclusions: Markers of increased gut
permeability, particularly zonulin, and
abundance of butyrate producing bacteria
predicted SBP. These results support the
hypothesis that gut barrier dysfunction and gut
microbiome composition are directly linked
with HTN in humans.
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Loss of Interleukin 21 Protects Against
Hypertension and Associated Inflammation
and End Organ Damage

PrimaryAuthor.AuthorBlock:Bethany L Dale,
Vanderbilt Univ, Dept of Molecular Physiology
and Biophysics, Nashville, TN; Arvind Pandey,
Fanny Laroumanie, Hana Itani, Liang Xiao,
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T cell derived cytokines such as interferon
gamma (IFNy) and interleukin 17A (IL17A) are
upregulated by and can promote angiotensin Il-
induced hypertension and end-organ damage.
Interleukin 21 (IL21) is produced primarily by T
follicular helper (Tfh) cells and has the potential
to promote IL17A and IFNy production from T
effector cells while inhibiting T regulatory cells.
IL21 is also a potent activator of germinal center
(GC) B cells. Thus, we hypothesize that IL21
promotes hypertension and hypertensive end-
organ damage through its effect on T cell
polarization and GC B cell activation. The data
indicate that indeed I1L217 mice exhibit a 30
mmHg reduction in blood pressure in response
to 4 weeks of angiotensin Il (Ang Il) infusion
compared to age-matched wild type (WT) mice
(p=0.0275). IL21 mRNA expression increases 1.5
fold in splenic T cells in response to Ang Il
infusion (p=0.015). Moreover, Tfh cells and GC B
cells are increased in the aortas of WT mice
after Ang Il infusion (p=0.0136 and p=0.0067,
respectively). Further, IL17A production from
splenic CD4+ T cells and IFNy production from
splenic CD8+ T cells was reduced in IL217" mice
compared to WT mice (p=0.0025 and p=0.0237,
respectively) following Ang Il infusion. Renal
function was assessed by measuring
albuminuria. WT mice developed 2-fold more
albuminuria compared to IL217- mice in
response to Ang Il infusion (p=0.0349). Lastly,
Ang Il infusion impaired endothelium-
dependent relaxation to acetylcholine in
mesenteric vessels from WT mice (52.9% vs
17.5%; p=<0.0001). IL217- mice demonstrated
moderately impaired endothelium-dependent



relaxation at baseline (34.9%) but interestingly,
there was no further impairment in these
vessels following Ang Il infusion. Taken
together, these studies suggest that IL21 and
the Tfh cell-GC B cell axis may play a key role in
hypertension and hypertensive end-organ
damage.
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Hypertension is Accompanied With Over
Activity of the Adaptive Immune System

PrimaryAuthor.AuthorBlock:Tuantuan Zhao,
Xiao Z Shen, Zhejiang Univ, Hangzhou, Zhejiang,
China; Kenneth E Bernstein, Cedars-Sinai
Medical Ctr, Los Angeles, CA

Adaptive immune response plays an important
role in the pathogenesis of hypertension, but
how does hypertension influence on the
immune system is still poorly understood. To
understand this, we studied antigen presenting
cells (APCs) isolated from normotensive and
experimental hypertensive mice induced by
angiotensin Il (490 ng/kg/min, 2 weeks). The
APCs were loaded with ovalbumin(OVA) or its
MHC class | epitope SIINFEKL (SKL) for 3h. Then,
splenocytes from OT-I mice, containing OVA-
specific, CD8" T cells (OT-I cells), were added for
4h. Significantly more activated T cells
expressing surface marker CD69 and cytokine
IFN-y were detected by flow cytometry when
stimulated with APCs from hypertensive mice

than equivalent cells from normotensive mice
(P<0.05). Thus, in vitro, APCs derived from
hypertensive mice more effectively present
antigen to T cells. To study antigen presentation
in vivo, we immunized Angll and sham treated
mice with OVA and adjuvant. Consistently more
OVA-specific CD8* T cells were induced in the
blood (2.7 £ 0.23% vs. 1.2 £ 0.47%, P<0.05) and
the spleen (1.51 £ 0.17% vs. 2.62 £ 0.31%,
P<0.05) of Angll mice vs sham when measured
by flow using an H-2k®-SKL tetramer. We also
evaluated the APC and T cell activation signals
before and after hypertension. Flow analysis
showed that splenic DCs divided from Angl|
treated mice resulted in a substantially
increased surface expression of co-stimulatory
factor CD86 compare with DCs from
normotensive controls (MFI: 131+7.8 vs.
9745.3). RIP-mOVA mice were used to study if
hypertension affects APC cross-presentation of
self-antigens. This transgenic mouse line
expresses membrane-bound OVA in pancreatic
islet B cells. When OT-I cells (5x10°) are injected
into RIP-mOVA mice, they activate by cross-
presentation of OVA and cause insulitis and
diabetes. RIP-mOVA mice were made
hypertensive with either Angll or L-NAME (1.5
mg/ml, 4 weeks). When OT-I cells were i.v.
infused into RIP-mOVA mice, the hypertensive
mice had more OT-I cells infiltration into the
pancreas (Angll 75%, L-NAME 73%, control 13%)
and developed severer diabetes (Blood glucose:
Angll 331, L-NAME 315, control 168 mg/dl). In
conclusion, high blood pressure itself is
associated with over activity of the adaptive
immune system.
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Obstructive Sleep Apnea Induced Hypertension
Involves Gut Dysbiosis and Neuroinflammation

PrimaryAuthor.AuthorBlock:David J. Durgan,
Bhanu P. Ganesh, James W. Nelson, Robert M.
Bryan, Baylor Coll of Med, Houston, TX

Obstructive sleep apnea (OSA) is an
independent risk factor for systemic
hypertension, and the most common underlying
cause of resistant hypertension. The
importance of a healthy gut microbiota on host
physiology is becoming increasingly evident. We
have shown that gut dysbiosis plays a causal
role in the development of OSA-induced
hypertension. The mechanisms linking gut
dysbiosis to hypertension are unknown. We
tested the hypothesis that OSA-induced
dysbiosis leads to gut barrier dysfunction,
systemic inflammation, and neuroinflammation,
which is linked to hypertension. We exposed
rats to 2 weeks of sham or OSA (60 apneas/hr).
OSA led to a >100-fold increase in TNFa
expression in the cecum wall (n=5, p<0.001),
and decreased goblet cells/crypt (8.4 vs 11.4;
n=6, p<0.05). Consistent with gut barrier
dysfunction and bacterial translocation, we
found bacterial 16S rRNA in adipose tissue, as
well as a 4-fold increase in adipose IL-6 mRNA
expression following OSA (n=4-7, p<0.05). Flow
cytometric analysis revealed a decrease in the
percentage of T-reg cells in the brain of OSA vs.
sham rats (0.08% vs. 0.25%; n=3, p<0.05). In
addition, the percentage of activated microglia
was increased following OSA (20% vs. 10%; n=3,
p<0.05). Next, we treated sham and OSA rats
with a prebiotic (20% resistant starch diet) or
probiotic (C. butyricum; 10° CFU gavage every
three days) to increase short chain fatty acids,
important in maintaining gut barrier integrity
and regulating immune responses. Pre- and
probiotic prevented OSA-induced loss of goblet
cells and TNFa expression in the cecum.

Compared to control rats, pre- and probiotic
increased the percentage of T-reg cells in the
brain of OSA rats by 10- and 5-fold, respectively
(n=3-6, p<0.05 for each). Additionally, pre- and
probiotic prevented OSA-induced activation of
microglia (n=3-6). Importantly, pre- and
probiotic prevented OSA-induced hypertension
(prebiotic sham=158.5 vs. 0SA=160.3 mmHg,
probiotic sham=147.4 vs. 0SA=145.6 mmHg;
n=6-7, NS). These data demonstrate a causal
role for gut dysbiosis in the development of
hypertension that involves gut barrier
disruption, bacterial translocation, and
neuroinflammation. Manipulation of the gut
microbiota may serve as a novel therapy in the
prevention of hypertension.
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Leptin Treatment Attenuates Vascular
Dysfunction and Inflammation in Mouse
Model(s) of Acquired Lipodystrophy via
Reducing Nox1-derived Ros

PrimaryAuthor.AuthorBlock:Thiago Bruder-
Nascimento, Weiqin Chen, David Stepp, EricJ
Belin de Chantemele, Augusta Univ, Augusta,
GA

Although extremely efficient at suppressing HIV
replication, highly active antiretroviral therapy
(HAART) induces lipodystrophy, a metabolic
disorder characterized by an abnormal adipose
tissue distribution, reduced leptin levels and
vascular dysfunction. Leptin replacement
therapy (LRT) is currently used to improve
metabolic function in patients suffering from



congenital lipodystrophy. Here, we analyzed
whether LRT restores vascular function and
inflammation in mice treated with the
antiretroviral agent, ritonavir (Rit). Four weeks
of Rit reduced body weight [control (C):
28.4+0.5 vs. Rit: 24.4+0.2g*, *P<0.05] and fat
mass (C: 101 vs. Rit: 6.5+1 %*) confirming that
it induces lipodystrophy. Rit impaired aortic
endothelial function [Relaxation to
acetylcholine: C: 7414 vs. Rit: 21+15%%*),
increased ROS producing enzymes (NOX1 and
NOXA1), induced vascular inflammation
(increased IL-1B, MCP-1, GATA Binding Protein 3
and INF-y gene expression) and increased
TBARS levels. ROS scavenging via tempol or
GKT137117, (Nox1/4 inhibitor) pre-incubation
blunted endothelial dysfunction. LRT
(10ug/day/7 days, osmotic mini-pump), at the
end of the 3-week Rit, restored endothelial
function, reduced Nox1 and NOXA1 gene
expression and vascular inflammation. NOX1
deficiency in Nox1 KO mice protected mice from
Rit-induced endothelial dysfunction and
vascular inflammation. Increasing endothelial
leptin sensitivity via specific deletion of protein
tyrosine phosphatase 1B (Ptp1b) in endothelial
cells (Ptp1b-/-EC mice) protected mice from Rit-
induced endothelial dysfunction and reduced
Nox1 and NOXA1 gene expression, and vascular
inflammation. To address the relevance of these
observations to other forms of acquired
lipodystrophy, experiments were repeated in
mice in which lipodystrophy was induced at 8
week of age, by the deletion of Bscl2, a gene
involved in adipocyte maturation. Bscl2 deletion
reduced fat mass, and induced endothelial
dysfunction via ROS-mediated mechanisms.
Again, LRT reverted endothelial dysfunction by
downregulating Nox1 expression. All together,
these data presents leptin as a key regulator of
endothelial oxidative stress level and as a
potential avenue for the treatment vascular
disease.
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Mitochondria-targeting Overexpression of AT,
Receptors Inhibits Intracellular Angiotensin IlI-
induced Respiratory and Glycolytic Stress
Responses in Mouse Proximal Tubule Cells

PrimaryAuthor.AuthorBlock:Xiao C Li, Jia L
Zhuo, Univ of Mississippi Medical Ctr, Jackson,
MS

Angiotensin Il (ANG Il) plays an important role
in mitochondrial dysfunction associated with
cardiovascular, hypertensive and kidney
diseases, but it is not known whether
extracellular or intracellular ANG Il mediates
this effect via activation of cell surface or
mitochondrial receptors. As a proof of concept
study, we overexpressed an intracellular cyan
fluorescent ANG Il fusion protein, mito-ANG I,
with or without a GFP-tagged full length AT,
receptor, mito-ATR, selectively in the
mitochondria of mouse proximal tubule (mPCT)
cells. The mitochondrial respiratory and
glycolytic stress responses were measured using
Seahorse XF Cell Mito and XF Glycolysis Stress
Test Kits, respectively. Live cell fluorescent
imaging confirmed the expression and
colocalization of mito-ANG Il and mito-AT2R
with a mitochondrial marker MitoTracker®.
Overexpression of mito-ANG |l for 48 h
significantly increased mitochondrial oxygen
consumption rate (OCR) by 30% (Control: 239.4
+9.2 vs. mito-ANG II: 310.4 £ 12.6 pmol/min;
p<0.01, n=5) and extracellular acidification rate
(ECAR) by 33% (Control: 6.3 £ 0.3 vs. mito-ANG



II: 8.1 £ 0.5 mpH/min; p<0.01, n=5). The effects
of mito-ANG Il on OCR and ECAR responses
were associated with significant increases in
phosphorylated MAP kinase ERK1/2, Na*/K*-
ATPase, and mitochondrial redox carries,
Complex | (NADH coenzyme Q reductase),
Complex Il (succinate dehydrogenase), Complex
[l (cytochrome bc; complex) and Complex IV
(cytochrome c oxidase) (p<0.01, n=6). The mito-
ANG ll-induced OCR and ECAR responses were
blocked by the AT, blocker losartan (10 uM,
p<0.01, n=5), but not by the AT, receptor
blocker PD123319 (10 uM, n.s., n=5). However,
concurrent overexpression of mito-AT;R with
mito-ANG Il in the mitochondria of mPCT cells
significantly attenuated the effects of mito-ANG
I on OCR and ECAR responses (p<0.01, n=6),
while the effects of mito-AT,R overexpression
were completely blocked by PD123319 (p<0.01,
n=5). Taken together, our results provide strong
evidence that activation of mitochondrial AT
receptors by intracellular ANG Il stimulates,
whereas activation of mitochondrial AT,
receptors by intracellular ANG Il inhibits,
mitochondrial respiratory and glycolytic
responses in mouse proximal tubule cells.
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Renal Proximal Tubule-derived Angiotensin
Converting Enzyme 2 (ACE2) in Blood Pressure
Regulation
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Angiotensin Converting Enzyme 2 (ACE2) is a
carboxypeptidase that metabolizes angiotensin
Il (Angll) to Angl-7, playing a critical role in
blood pressure (BP) regulation. Previous studies
from our lab demonstrated that loss of ACE2
resulted in enhanced susceptibility to Angll
hypertension and this was associated with
elevated renal Angll levels. ACE2 is highly
expressed in kidney, particularly in proximal
tubule epithelia, and kidney cross-transplant
experiments performed by our group revealed a
novel mechanism by which ACE2 may be
functioning to regulate BP. However, the exact
cellular sources and sites of action where ACE2
regulates BP remain unclear. The objective of
this study is to assess proximal tubule-derived
ACE2 in BP regulation by studying a new mouse
model generated in our laboratory: proximal
tubule-specific ACE2 knock-out mice (referred
to as ACE2 PTKO mice). ACE2 PTKO mice were
generated by crossing the Ace2-lo¥/flox
conditional mouse line with the
phosphoenolpyruvate carboxykinase (PEPCK)-
Cre mouse (V. Haase, Vanderbilt). ACE2 PTKO
mice and their littermate control mice were
inbred 129/SvEv, co-caged, and only males were
studied. ACE2 PTKO mice exhibited reduced
ACE2 mRNA and protein in renal cortex
compared to controls (Ace2 mRNA relative
expression: 0.47 £0.1vs. 1.08 £ 0.1, N=3 vs 3,
P<0.05; relative ACE2 protein expression: 0.38 £
0.04 vs.1.15+0.12, N=3 vs 3, P<0.01).
Measured with radiotelemetry, there were no
differences in BPs between ACE2 PTKO mice
and control mice (119 + 1 vs 117 £ 2 mmHg,
N=16 vs 16, p=NS) at baseline. However, ACE2
PTKO mice exhibited an enhanced hypertensive
response during the first week of Angll infusion
compared to control mice (139.9 + 4.8 vs 152.8
+ 3.7 mmHg at day 7, N=16 vs 16, P=0.038).
Furthermore, the ACE2 KO kidneys accumulated
significantly higher renal Angll than control
kidneys, measured at day4 (897+104 vs
5361115 fmol/g, P<0.05). Our data demonstrate
that proximal tubule-derived ACE2 plays a



critical role in BP regulation during Angl|
infusion. The enhanced hypertensive response
in ACE2KO mice is consistent with their intra-
renal Angll levels, suggesting that that proximal
tubule-derived ACE2 regulates BP via
metabolizing Angll within the kidney.
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ACE2 Gene Transfer Ameliorates Dysfunctions
in Hematopoietic Stem/Progenitor Cells of
Diabetic Patients
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Hematopoietic stem/progenitor cells (HS/PCs)
have the propensity of ischemic vascular repair,
and this innate vasoprotective function is
impaired in diabetes. Angiotensin-converting
enzyme (ACE) and ACE-2 are primary enzymes
of the cardiovascular-detrimental and
protective axes of the renin-angiotensin system,
respectively. In this study, we tested the
hypothesis that diabetic dysfunction in HS/PCs
is due to ACE2/ACE-imbalance, and that
increasing ACE2 expression will restore the
vasoreparative potential. Lineage- (Lin") or

CD34* cells were isolated from the peripheral
blood mononuclear cells (MNCs) of nondiabetic
subjects (ND), and type 1 or type 2 diabetic (DB)
patients (male or female, age 48-76 years,
HbA1C 6.5-11.2). ACE and ACE2 activities were
measured in lysates of MNCs, Lin" and CD34*
cells by enzyme-selective fluorogenic substrates
and inhibitors. Lentiviral ACE2 (LV-ACE2) gene
transfer was carried out by spinoculation.
Reparative function of Lin™ cells was evaluated
in Foxn1™ mice undergoing hind limb ischemia
(HLI). Lin cells with or without ACE2-
overexpression were administered (i.m) in the
peri-ischemic region, and the blood flow
recovery was monitored. Circulating Lin™ or
CD34" cells are lower in DB (Lin™ ((2+0.2)x10%,
P<0.04) and CD34" ((0.6+0.1)x10°%, P<0.02), n=8)
compared to ND group (Lin" (25+4)x10°% CD34*
(2+0.4)x103 per 10® MNCs, n=8). This was
associated with decrease in ACE2 and increase
in ACE activity, resulting in 4.5-fold decrease in
ACE2/ACE ratio in DB-CD34" cells (0.4+0.07 vs
ND 1.840.2, P<0.01, n=6). This was negatively
correlated with HbA1C (r>=0.89, P<0.01).
Administration of ND-Lin™ cells has no effect on
the blood flow recovery of mice following HLI.
In contrast, administration of DB-Lin" cells
decreased this recovery (48+6%, n=5, P<0.001
vs ND-Lin" 105£7%). However, treatment with
ACE2-overexpressing DB-Lin™ cells robustly
enhanced blood flow recovery (112+8%, n=4,
P<0.001 vs DB). These observations suggest that
ACE2/ACE imbalance is correlated with diabetic
vasoreparative dysfunction in HS/PCs, and that
increasing ACE2 expression reverses the
dysfunction. ACE2 gene transfer is a promising
approach for enhancing vascularization
outcomes of cell-based therapies in diabetic
individuals.
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Vascular Smooth Muscle ADAM17 Contributes
to Angiotensin ll-induced Abdominal Aortic
Aneurysm Formation but Not Hypertension in
Mice

PrimaryAuthor.AuthorBlock:Tatsuo Kawai,
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Eguchi, Temple Univ Sch of Med, Philadelphia,
PA

Over activation of the renin angiotensin Il
(Angll) system has been implicated in
abdominal aortic aneurysm (AAA). However,
the precise molecular mechanism(s) by which
Angll promotes AAA remain insufficiently
understood, which hinders pharmacological
treatment. At a past AHA conference, we
reported critical roles for the metalloprotease,
ADAM17, and downstream EGFR
transactivation, in the development of Angll-
induced AAA in mice treated with a lysyl
oxidase inhibitor beta-aminopropionitrile
(BAPN). Specifically, we demonstrated that in
the mouse Angll-induced AAA was attenuated
by either deletion of ADAM17 in VSMC or
treatment with an EGFR inhibitor erlotinib. To
better understand the clinical relevance of
these findings, we studied the effect of an
ADAM17 inhibitory antibody (A9B8), which
recognizes both human and mouse ADAM17.
Eight-week-old male C57BL6 mice were given
Angll 1000 ng/kg/min via osmotic minipumps
for 4 consecutive weeks and BAPN 150
mg/kg/day in drinking water for the initial 2
weeks. Additionally, mice were given 10
mg/kg/day A9BS8 or control human IgG2 i.p.
injection at day 1, 7, 14 and 21. As an index for
AAA formation, abdominal aortic internal

diameter was measured by ultrasound at day O,
14, 21 and 28. Aortic external diameter was also
measurement at day 28. Angll/BAPN treated
mice given control IgG2 have a mortality rate of
46.2% due to aortic rupture/dissection.
Mortality rate in mice given A9B8 was reduced
to 23.1% (n=13). Surviving 1gG2 treated mice
developed AAA with max external/internal
diameter (mm) of 2.554+0.43/1.79+0.34 (age
matched control mice values were
1.10+0.13/1.0140.09; p<0.01; n=6). Following
A9B8 treatment, aortic maximal
external/internal diameter (mm) were reduced
to 1.84+0.32/1.45+0.32 (p<0.05 vs 1gG2; n=6).
Pathologically, less extravascular fibrosis,
medial layer disruption, and matrix deposition
were observed. Interestingly, both groups
treated with All/BAPN/A9BS or All/BAPN/IgG2
developed hypertension as assessed by
telemetry (MAP mmHg: 18145 vs 174+7; n=5).
In conclusion, immunomodulation of ADAM17
function appears to be a potential therapeutic
target to slow AAA development and rupture.
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The Molecular Program of Renin"“" Cells
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Mice homozygous for the Renlc gene
disruption (Renic”") display structural and
functional defects characterized by a poorly
developed renal medulla, urine concentration
failure, polydipsia, polyuria, hydronephrosis,
renal failure and anemia. Underlying this
complex phenotype, mice exhibit unique renal
vascular abnormalities, including concentric
arteriolar hypertrophy. Using lineage and
promoter activity tracking, we showed that
renin™ cells contribute directly to blood vessel
thickening and distribute throughout renal
arterial trees. We hypothesize that renin™" cells
synthesize factors that lead to arterial
thickening and maintain an active molecular
memory of the renin phenotype.

To test this hypothesis, we performed RNA-seq
of YFP sorted single cells from kidneys of Renic
-+ Ren1c-YFP (KO) and Renic**; Renlc-YFP
(wildtype, WT) adult mice. We captured
individual cells using a microfluidic C1 system
and sequenced cDNA from cellular mRNA. We
also performed ATAC-seq of KO cells to identify
open chromatin regions available for
transcription factor binding.

KO and WT cell populations were distinct, with
the average Euclidean distance between
genotypes 1.9x greater than within genotypes.
Differential expression analysis revealed that
KO cells upregulated 1395 genes and
downregulated 364 compared to WT (log fold
change > 1, p < 0.05). Among the upregulated
genes were 107 potentially secreted proteins
and 64 putative transcription factors. Secreted
protein genes were enriched for GO terms such
as angiogenesis and cell proliferation (p < 0.01),
suggesting a possible cause of arteriolar
abnormalities in KO kidneys. We identified
several upregulated transcription factors,
including Foxp1, Statl, and KLF family genes,
that had predicted binding motifs in open
chromatin regions, such as upstream the Renl
gene (p < 1.0E-10). These factors are key
candidates for regulating the molecular
memory of the renin cell.

This study shows that over activation of the
renin program due to lack of renin causes
expression of a distinct suite of genes that may
be responsible for vascular pathologies
observed in KO mice. These data also provide
insight into how the cell regulates the renin cell
program in response to chronic stimuli that
jeopardize homeostasis.
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B1 Integrin is Essential for Kidney Structure,
Function and Vascular Development

PrimaryAuthor.AuthorBlock:Tahagod
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Sequeira-Lopez, Univ of Virginia, Charlottesville,
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Integrins are the largest family of cell adhesion
molecules. B1-Integrin (Itgb1) is the most
abundantly expressed B subunit and is present
in almost every cell type. Previous studies
showed that Itgb1 is required for normal
development of the ureteric bud and podocytes
and for the function of the proximal tubule.
However, its role in the kidney vasculature has
not been explored. Renin cells are crucial for
blood pressure homeostasis and for normal
nephrovascular development. The mechanisms
involved in their morphogenetic functions are
not well understood. We found that ltgb1 is
highly expressed in renin expressing cells
throughout development. Therefore, to study



the role of Itgh1 in renin cells we generated a
conditional deletion (cKO) of Itgbl in cells of the
renin lineage by crossing floxed Itgb1 mice with
mice expressing cre recombinase driven by the
renin locus. Itgh1 cKO mice were smaller in size
(20.32 £4.35 g vs 29.55 + 7.39 g, p=0.016), had
smaller kidney to body weight ratio (0.92 + 0.30
vs 1.31 £ 0.30, p=0.017), hypotension (MABP
82.33 £ 4.00 mmHg vs 92.55 £ 7.72 mmHg,
p=0.02), anemia (hemoglobin 11.26 + 1.48 g/dL
vs 15.07 £ 1.31 d/dL, p=0.003; hematocrit 40.39
+5.48% vs 53.8 £ 4.21%, p=0.002), renal failure
(BUN 71.44 +32.81 mg/dLvs 29.4 + 7.67mg/dL,
p=0.004), and lower plasma renin levels
(6664.58 + 3251.92 vs 43357.09 + 17032.63
pg/ml, p=0.001). Mutants also developed
hyposthenuria (urine osmolality 452 + 138.98
mOsm/kg vs 1460.5 + 482.09 mOsm/kg,
p<0.02). Histological analysis revealed excessive
collagen deposition in the interstitium and peri-
glomerular areas; fibrocystic glomeruli; tubular
dilatation and protein casts in the tubules.
Immunostaining for renin and a-smooth muscle
actin showed a marked decrease in renin
protein expression and abundant a-smooth
muscle actin expression in the interstitium.
Microdissection of the renal arterial tree
combined with renin immunostaining
confirmed the marked decrease in renin and
evidenced the overall vascular abnormalities
including fewer and shorter arterial and
arteriolar branches. Overall, this study shows
that B1-Integrin in cells of the renin lineage is
crucial for renin expression, morphogenesis of
the renal vasculature and maintenance of the
normal kidney architecture and function.
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Ctcf is Required for Renin Expression and
Maintenance of the Structural Integrity of the
Kidney
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Renin is crucial for the regulation of blood
pressure and fluid electrolyte homeostasis. The
transcriptional machinery that regulates renin
expression and thus determines the identity of
renin cells is not completely understood.
CCCTC-binding factor (Ctcf), is an important
chromatin organizer of genes that confer cell
identity and tissue-specificity. Because Ctcf
binds to several sites in the neighborhood of
the renin locus, we hypothesized that Ctcf may
regulate renin expression. To test this
hypothesis, we generated mice with conditional
deletion of Ctcf in cells of the renin lineage (Ctcf
cKO). Ctcf cKO mice showed fewer renin-
positive cells as shown by immunostaining, and
a 70% reduction of renin mRNA levels when
compared to control mice (0.292 + 0.246 vs
1.003 + 0.097, p<0.001). In addition, plasma
renin levels were significantly decreased in Ctcf
cKO versus control mice (15276.544 + 6778.735
pg/ml vs 62321.62 + 21881.99 pg/ml, p<0.001).
Consistent with reduced renin levels, Ctcf cKO
mice had lower mean arterial pressures (60.09 +
3.12 mmHg vs 75.07 + 3.06 mmHg, p<0.001).
The kidney/body weight ratio in Ctcf cKO mice
was markedly reduced (1.05 £ 0.228 % vs 1.29 +
0.074 %, p<0.05), indicating a more pronounced
effect in kidney than in somatic growth (20.09 +
1.47 gvs 22.95 + 2.95 g, p<0.05). Masson’s
trichrome staining revealed interstitial fibrosis
coinciding with cortical depressions in Ctcf cKO
kidneys. Moreover, PAS staining of Ctcf cKO



kidneys showed dilated tubules with
intraluminal casts, and areas with crowded
sclerotic and crescent glomeruli surrounded by
disorganized packed cells. Finally, Ctcf cKO mice
exhibited renal failure evidenced by increased
BUN (44.29 +17.62 mg/dL vs 26 + 3.39 mg/dL,
p<0.05), and inability to concentrate their urine
(448 + 85.57 mOsm/kg vs 1519.33 + 382.39
mOsm/kg, p<0.001). In summary, deletion of
Ctcf in cells from the renin lineage leads to
decreased endowment of renin-expressing cells
accompanied by decreased circulating renin,
hypotension, severe morphological
abnormalities of the kidney and ultimately renal
failure. We conclude that Ctcf is necessary for
the appropriate expression of renin, control of
renin cell number and structural integrity of the
kidney.
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Combined AT, Receptor Stimulation/ AT,
Receptor Blockade Does Not Cause Renal
Dysfunction
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Melbourne, Australia

Combined ACE inhibition and angiotensin type 1
receptor (AT:R) blockade (dual RAS) blockade)
causes renal failure which limits their combined
use. Angiotensin type 2 receptor (AT2R)
stimulation evokes renoprotective effects but

potential adverse renal effects in drug
combination are not known. We examined the
effects of the AT,R agonist compound 21 (C21)
combined with either candesartan cilexetil or
perindopril on renal function in a preclinical
model that is predictive of clinical outcome.
Adult (~25 week-old) male SHR were placed on
a normal salt (0.35%, n=8) or a low salt (LS;
0.05%) diet for 17 days with rats on a LS diet
randomised to receive one of the following
treatments for the final 10 days: untreated
(n=8); C21 (0.3mg/kg/d s.c., n=5); candesartan
(2 mg/kg/d, n=6); perindopril (0.5mg/kg/d,
n=5); C21+candesartan (n=8); C21+perindopril
(n=5); or candesartan+perindopril (dual RAS
blockade, n=7). Systolic arterial pressure (SBP)
was measured via tail cuff at days 0, 7 and 17.
At the end of the treatment, renal function was
assessed by measuring plasma creatinine, urea,
K+ and glomerular filtration rate (GFR) in
conscious rats via transdermal assessment of
elimination half-life kinetics of FITC-sinistrin (3-
5mg/100g i.v.). Candesartan (-43+10 mmHg) or
perindopril (-49+12 mmHg) reduced SBP to a
similar extent alone or combined with C21,
whereas dual RAS blockade markedly reduced
SBP (-115+14 mmHg; P<0.01 versus all groups).
Plasma creatinine (424 +65 umol/L), urea (>50
mmol/L cut-off) and K+ (5.94 +0.82 mmol/L)
levels were all significantly elevated by dual RAS
blockade compared with untreated SHR on
normal diet (creatinine 39 +2 pmol/L; urea
7.08+0.22 mmol/L; K+ 4.23+0.13 mmol/L; all
P<0.01) or LS diet (creatinine 29 +2 umol/L;
urea 5.2+0.57 mmol/L; K+ 4.29+0.17 mmol/L; all
P<0.01), whereas plasma measurements for
C21+candesartan and C21+perindopril were
similar to control groups. Estimated GFR in LS
group (1.18+0.06 ml/min/100g BW) was similar
to other groups except during dual RAS
blockade where GFR was markedly impaired
(0.32+0.10 ml/min/100g BW; P<0.01 versus LS).
Collectively, these data suggest that, unlike dual
RAS blockade, an AT,R agonist combined with



either ACE inhibition or AT1R blockade is not
likely to cause renal dysfunction.
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Mitoprotection Attenuates Myocardial
Vascular Impairment and Decreases Coronary
Retention of Endothelial Progenitor Cells in
Swine Metabolic Syndrome
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Introduction: The metabolic syndrome (MetS)
leads to cardiac vascular injury, which may
reflect in increased retention of endothelial
progenitor cells (EPC). Coronary endothelial cell
(EC) mitochondria partly regulate vascular
function and structure. We hypothesized that
chronic mitoprotection would preserve EC
mitochondria and attenuate coronary vascular
injury and dysfunction in swine MetS. Methods:
Pigs were studied after 16 weeks of diet-
induced MetS, MetS treated for the last 4
weeks with the mitochondria-targeted peptide
elamipretide (ELAM, 0.1mg/kg SC g.d), and lean
controls (n=6 each). Coronary artery and sinus
blood samples were collected. EC mitochondrial
density (electron microscopy), endothelial nitric
oxide (eNOS) immunoreactivity (staining),
myocardial microvascular density (3D micro-
CT), and coronary endothelial function (organ
bath) were assessed ex-vivo. The number and
arteriovenous gradient of CD34+/KDR+ EPC was
calculated by FACS (a negative gradient

indicating EPC retention). Results: MetS and
MetS+ELAM pigs developed similar MetS
(obesity, hyperlipidemia, insulin resistance, and
hypertension). EC mitochondrial density
decreased in MetS compared to lean, but
normalized in MetS+ELAM. ELAM also improved
eNOS immunoreactivity, subendocardial
microvascular density, and coronary endothelial
function. ELAM-induced vasculoprotection was
reflected in decreased coronary retention of
EPCs. Conclusions: These observations
underscore the role of mitochondria in
regulating the cardiac circulation in
experimental MetS, and the benefits of
mitoprotection to preserve EC myocardial
microvascular integrity.

MotS MotS+ELAM
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Neuronal (Pro)renin Receptor Deletion
Prevents High-fat Diet Induced High Blood

Pressure and Type Il Diabetes
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We recently reported that the (pro)renin
receptor (PRR) is a key component of the brain
renin-angiotensin system, mediating the
majority of Ang Il formation, and plays a pivotal
role in the development of hypertension. Its
importance in obesity-related metabolic
syndrome is, however, unknown. We
hypothesize that brain PRR plays a regulatory
role in high-fat diet (HFD) induced metabolic
syndrome. To test our hypothesis, neuron-
specific PRR knockout (PRRKO) mice and
wildtype (WT) littermates were fed with either
HFD (60% calories from fat) or normal fat chow
(NFD, 10% calories from fat) with matching
calories for 16 weeks. Weekly body weight (BW)
and monthly fasting blood glucose (FBG)
measurements were recorded and end point
glucose tolerance (GTT) and insulin sensitivity
tests (IST) were performed. Blood pressure (BP)
was recorded using radiotelemetry in conscious
free moving mice. We observed no difference in
BW or food intake between genotypes in either
HFD or NFD. The baseline BP and heart rate
(HR) were similar between PRRKO and WT mice;
however, following 16 weeks HFD the BP
(10146 vs. 111+3 mmHg, P=0.035) and HR
(536+12 vs. 578+4 BPM, P=0.046) were
significantly lower in PRRKO compared with WT
mice. Interestingly, neuronal PRR deletion
attenuated the elevation of FBG (127.12+10.46
vs. 167.77+16.57 mg/dl, P=0.039) induced by
HFD. Glucose tolerance was significantly
improved in PRRKO compared with WT
following 16 weeks of HFD (AUC: 205574894 vs.
29994+2976, P=0.006), while there was no
difference in the IST between the groups. We
also found that HFD mice had higher levels of
plasma (pro)renin (9.95+1.83 vs. 2.74+ 0.47
ng/ml, P=0.005) and brain angiotensin Il
(656.8+94.9 vs. 375.3+32.0 pg/g, P=0.02), as
well as higher cardiac (AHR to propranolol: -

15046 vs. -82+15 bpm , P=0.0054) and
vasomotor (ABP to chlorisondamine: -44+3 vs. -
2243 mmHg, P=0.0004) sympathetic tone,
suggesting that the HFD-induced rise in BP is
sympathetically mediated and associated with
elevation of brain angiotensin Il. Our data
indicates that PRR deletion in the neurons
protects against glucose intolerance and BP
elevation in HFD mice with no effect on insulin
sensitivity or body weight. We conclude that
neuronal PRR plays a role in the development of
obesity-related metabolic syndrome.
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Effect of CPAP on Blood Pressure and Central
Sympathetic Outflow in Diabetic Patients with
OSA, Resistant HTN, and CKD
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Introduction: Central sympathetic hyperactivity
as assessed by muscle sympathetic nerve
activity recordings is thought to play a crucial
role in the development and maintenance of
hypertension (HTN) in patients with obstructive
sleep apnea (OSA). Decreases in daytime and
nocturnal blood pressure (BP) in response to
treatment with continuous positive airway
pressure (CPAP) are paralleled by decreases in
muscle sympathetic nerve activity (MSNA).
Patients with chronic kidney disease (CKD) have
high MSNA. Bilateral nephrectomy, but not



renal transplantation normalizes MSNA
indicating central sympathoexcitatory effects by
renal afferents. The objective of this study was
to assess to what extent is HTN driven by
central sympathetic hyperactivity in patients
with diabetic CKD, OSA, and resistant HTN.
Thirteen patients (age 62.2+7.4 years) with
diabetic CKD, resistant HTN defined as SBP on
24-hr ABPM above 135 mmHg while on 3 or
more BP lowering drugs (including diuretic) with
OSA, were randomized to therapeutic CPAP or
non-therapeutic CPAP for one months. 24-hr
ABPM, plasma catecholamines, aldosterone,
and renin, and MSNA were assessed before and
1 months after randomization. Our results show
(Table) that in contrast to sham CPAP,
therapeutic CPAP decreased daytime and
nighttime BP. In contrast, neither therapeutic
nor sham CPAP caused any changes in MSNA
and plasma catecholamines. In conclusion,
decreases in BP in response to CPAP in patients
with in diabetic CKD, despite maintained high
MSNA, indicate other mechanism contributing
to HTN in these patients as well as other central
sympathoexcitatory pathways activated.
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Heterozygote Knockout of TMEM16B in
Intestinal Vagal Afferents Causes

Cholecystokinin Insensitivity and Obesity in
Male but Not Female Mice
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Cholecystokinin (CCK) is a well-known satiety
peptide that inhibits food intake. The CCK
induced satiety signal in intestinal vagal
afferents is attenuated in mice on a High Fat
Diet (HFD). We have shown that down
regulation of a Ca**-activated CI- channel (CaCC)
downstream of CCK receptors is responsible for
the neuronal insensitivity to CCK. We also found
that the CaCC subunit Ano2/TMEM16B is
essential for the CCK-induced current in nodose
neurons. In this study we tested the hypothesis
that reduction of this subunit in vivo contributes
to weight gain. One allele of the
Ano2/TMEM16B was knocked out in sensory
neurons by crossing the ano2"" mice with
Nav1.8Cre mice to generate the
Nav1.8Cre;ano2"* mice. The Cre negative
littermates were used as control. We found that
CCK-induced suppression of food intake is
eliminated in male Nav1.8Cre;ano2"“t mice.
Food intake measured over 4 hours was
1.21+0.11g (n=5) in male wild type (wt) mice
injected with saline and was reduced to
0.77%0.18 g (n=7, p<0.05) in mice injected with
CCK-8 (3ug/kg). Those values were 0.63+0.15 g
(n=6) in saline injected and 0.91%0.13 g (n=7,
p>0.05) in CCK injected male Nav1.8Cre;ano2/*t
mice. However, the CCK injection did not affect
food intake in either female wt or
Nav1.8Cre;ano2™"t mice. The male
Nav1.8/ano2"* mice were on the average 5.5¢g
heavier than wt mice at 40 weeks of age
(39.8+1.4 g, n=13 vs 34.3t1.4 g, n=14, p<0.01).
Body weight of females was significantly lower
than in males but was not different between wt
and Nav1.8Cre;ano2"" mice (30.4+1.0 g, n=14
vs 28.5+£1.0 g, n=11, p=0.20 respectively). Single
cell mRNA level of Ano2 and CCK-induced
TMEM16 currents in nodose neurons were
reduced significantly in male Nav1.8Cre;ano2"/*t
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mice compared to Cre negative controls, but
such changes were not seen in female mice. We
conclude that heterozygote knockout of
Ano2/TMEM16B specifically in sensory neurons
causes neuronal insensitivity to CCK and
excessive weight gain in male but not female
mice. Reduction of this subunit may contribute
to the HFD induced obesity. The reason for the
phenotype and allele expression variability
between sexes is unclear.
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Role of Central Nervous System Suppressor of
Cytokine Signaling 3 (socs3) in Regulating
Metabolic and Cardiovascular Function in
Obesity
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Suppressor of cytokine signaling 3 (SOCS3), a
negative regulator of leptin signaling, is
upregulated in obesity and may contribute to
development of leptin resistance. We
determined whether deletion of SOCS3 in the
entire central nervous system (CNS) would
protect mice from adverse metabolic and
cardiovascular effects of a high fat diet (HFD).
SOCS3flovflox/Nestin-cre mice were generated by
breeding SOCS3o/flox with Nestin-Cre mice.
Male and female mice with CNS deletion of
SOCS3 (SOCS3fox/flox/Nestin-Cre, n=5-10) or
control (SOCS3°/flox =6-10) were fed a HFD
plus sucrose from 6 until 22 weeks of age. Mean
arterial pressure (MAP) and heart rate (HR)

were recorded by telemetry and oxygen
consumption (VO3) was monitored by indirect
calorimetry in 22-week-old mice. Compared to
control mice, SOCS3fox/flox/Nestin-Cre mice were
lighter (male: 34+3 vs. 4543 and female: 27+1
vs. 3742 g) and had elevated VO, (94412 vs.
696 ml/kg/min) but there were no significant
differences in food intake (male: 3.3+0.7 vs.
3.840.5 and female: 3.0+0.6 vs. 3.0+0.5 g/day)
or plasma glucose (male: 1488 vs. 198+31 and
female 149+12 vs. 164+12 mg/dl). Male
SOCS3flox/flox/Nestin-Cre mice had similar MAP
(11542 vs. 1161 mmHg) but higher HR (65743
vs. 59243 bpm) compared to control mice.
However, female SOCS3Mo¥flox/Nestin-cre mice
had higher MAP (121+1 vs. 108+1 mmHg) and
HR (655%2 vs. 60615 bpm) compared to control
mice. No significant differences were observed
in glucose tolerance in SOCS3°/flo*/Nestin-Cre
vs. control mice (AUC: 391436 vs. 429+54 mg/dL
x 120 min in males and 459170 vs. 37251
mg/dL x 120 min in females). These results
indicate that CNS SOCS3 deletion reduced body
weight and increased energy expenditure and
HR but did not improve glucose tolerance in
male or female mice fed a HFD. However, HFD
significantly increased BP in female
SOCS3flovflox/Nestin-Cre mice compared to
control mice fed a HFD, suggesting a sex
difference in the role of CNS SOCS3 signaling in
BP regulation in obesity. (NHLBI
PO1HL51971and NIGMS P20GM104357)
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mTORC1 is Required for the Cardiovascular but
Not the Metabolic Actions of Leptin



PrimaryAuthor.AuthorBlock:Balyssa Bell,
Donald Morgan, Kamal Rahmouni, Univ of lowa,
lowa City, IA

Obesity represents a major risk factor for the
development of hypertension, and
inappropriate leptin action has been implicated
as an essential mediator of obesity-associated
hypertension. Leptin plays a critical role in
energy homeostasis, acting through the brain to
stimulate energy expenditure and suppress
food intake. Leptin also increases sympathetic
outflow to a variety of target organs, including
those involved in blood pressure regulation.
Here, we investigate the role of mTORC1 as a
potential mediator of leptin’s cardiovascular
and metabolic actions. For this, we generated
conditional knockout mice that lack the critical
mTORC1 subunit, Raptor, specifically in leptin
receptor (LRb) expressing cells (LRb¢/Rap//f).
LRb¢¢/Rap™ displayed similar body weight,
food intake and body composition as compared
to littermate controls when fed a normal chow
diet (body weight=29.6+0.8 g vs 31.0+0.8g at 14
weeks of age). Control and LRb¢/Rap™™ mice
also developed diet-induced obesity to a similar
extent when fed either a 45% high-fat
(37.2+3.1g g vs 40.9+2.2) or high-fat/high-
sucrose diet (35.4+1.1g vs 35.2+2.7g).
Additionally, fasting blood glucose
(77.3+6.7mg/dL vs. 71.8+4.3mg/dL) as well as
insulin (AUC=7788 +1013, n=3 vs. 89641884,
n=4) and glucose (AUC=39750+2075, n=3 vs.
44259+1948, n=4) tolerance in high fat/high-
sucrose diet fed mice were not changed in
LRbc¢/Rap™™ mice as compared to littermate
controls. Conversely, while baseline mean
arterial pressure (MAP) was comparable
between LRb¢/Rap"" mice (108+9 mmHg) and
controls (103+7 mmHg), intracerebroventricular
administration of leptin significantly increased
MAP in control mice (30+14 mmHg), but not in
LRbc¢/Rap™ mice (1#9 mmHg, P<0.05 vs
controls). Consistent with this, LRb®¢/Rap//f
mice displayed a blunted renal sympathetic

nerve response to leptin (-4+15%, n=9 vs.
127+16%, n=9, P<0.05) but a preserved increase
in sympathetic outflow to brown adipose tissue
(109+27%, n=5 vs. 173+52%, n=4). Together,
our data indicate a critical role for mTORC1 in
mediating the cardiovascular but not the
metabolic effects of leptin.
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Inducible Deletion of Adipocyte Prorenin
Receptor Reverses Obesity Related
Hypertension

PrimaryAuthor.AuthorBlock:Eva Gatineau,
Dianne Cohn, Ming Gong, Frédérique
Yiannikouris, Univ of Kentucky, Lexington, KY

Obesity contributes to approximatively 2.5
million deaths every year and is associated with
life threatening conditions including
hypertension. Recently, we found that
constitutive deletion of adipocyte (pro)renin-
receptor (PRR) prevented high-fat diet-induced
obesity through a drastic decrease in fat mass.
However, adipocyte PRR deficient mice were
characterized by a fatty liver and by an elevated
systolic blood pressure (SBP), classic features of
models of lipodystrophy. The purpose of this
study was to investigate whether the
temporally-controlled deletion of adipocyte PRR
in obese mice reverses obesity related
hypertension. After 18 weeks of high fat diet,
inducible adipocyte-PRR deficient (PRRT) and
control (PRR"Y) male mice (n=7-11 mice/ group)



were injected intraperitoneally with tamoxifen
(TMX) for 5 consecutive days. Body weight,
body composition and blood pressure,
measured by radiotelemetry in a subgroup of
mice (n=2-4 mice/ group), were recorded
before and after TMX injection. The inducible
deletion of adipocyte PRR in PRRER™ mice
decreased significantly body weights (PRR™?,
46.6 + 1.3 g; PRRERT, 42,1 + 1.4 g, P<0.05) and fat
mass (PRR™,15.8 + 1.0 g; PRRE"",8.1+0.7 g,
P<0.05) compared to control mice. PPARYy,
FABP4 and FAS mRNA levels were significantly
decreased by 68% (6.8 out 10), 80% (8 out 10)
and 68% (6.8 out 10) respectively in white
adipose tissues of PRRERT mice suggesting that
PRR positively regulated adipogenesis and lipid
metabolism in adipose tissue. In addition, the
inducible deletion of adipocyte PRR in PRRERT
mice decreased significantly SBP compared to
control mice (PRR™, -4.3 +3.2 g; PRR®"", -10.2 +
2.4 g, P<0.05). Interestingly, adipocyte
angiotensinogen mRNA abundance was
significantly decreased in adipose tissue of
PRRER" mice fed a standard diet suggesting that
the decrease in blood pressure might be
mediated by a local renin angiotensin system
(RAS). The measurement of local (liver, kidney,
adipose tissue and brain) and systemic RAS in
HF-fed mice is under investigation. Taken
together, our results highlight a new signaling
pathway in which PRR regulates adipogenesis,
lipid metabolism and blood pressure. PRR could
represent a new potential therapeutic target for
obesity and hypertension.
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Angiotensin-(1-7) Attenuates Diet-induced
Obesity in Mice by Browning White Adipose
Tissue to Enhance Energy Expenditure

PrimaryAuthor.AuthorBlock:Traci A Czyzyk,
Timothy K Cooper, Sarah S Bingaman, Amy C
Arnold, Penn State Coll of Med, Hershey, PA

Overactivation of the renin-angiotensin (Ang)
system, and in particular Ang Il, contributes to
obesity-induced insulin resistance via multiple
mechanisms. Obesity is also associated with
deficiency of Ang-(1-7), a beneficial hormone
that opposes Ang Il actions. In this study, we
tested the hypothesis that Ang-(1-7) could
prevent development of diet-induced obesity in
mice. To test this hypothesis, adult male
C57BL/6J mice received 12-week Ang-(1-7) (400
ng/kg/min; n=7) or saline (n=6) infusion via
subcutaneous osmotic mini-pumps. Mice were
placed on 60% high fat diet (HFD) immediately
following mini-pump implantation. Body
composition, energy balance, and insulin
sensitivity were measured during the last week
of treatment. Ang-(1-7) attenuated HFD-
induced weight gain (39.7+1.3 vs. 43.910.7 g
saline; p=0.023) and adiposity (32+1 vs. 29+1%
saline; p=0.050). This weight-reducing effect
was due to enhanced average energy
expenditure [0.55+0.02 vs. 0.42+0.06 kcal/hour
saline, p=0.038], with no changes in locomotor
activity or food intake. Ang-(1-7) attenuated
HFD-induced hyperinsulinemia (1.4+0.4 vs.
5.3%1.6-ng/mL saline; p=0.032) and improved
the ability of intraperitoneal insulin to decrease
blood glucose levels (20% reduction in area
under the curve vs. saline; p=0.015), consistent
with insulin-sensitizing effects. Given effects of
Ang-(1-7) on energy expenditure, we performed
blinded histological and semi-quantitative real-
time PCR analysis of brown and white adipose
tissue. Ang-(1-7) reduced HFD-induced lipid
droplet accumulation in brown adipose, but did



not improve thermogenesis markers (e.g.
uncoupling protein-1). Ang-(1-7) improved
inflammation in visceral white adipose (mean
number crown-like structures: 3+1 vs. 812
saline; p=0.046). Ang-(1-7) reduced adipocyte
size and increased gene expression of the
browning marker PRDM16 (1.740.2 vs. 1.1+0.1;
p=0.024) in subcutaneous white adipose. These
data suggest that Ang-(1-7) attenuates diet-
induced obesity in mice by enhancing energy
expenditure, in part by browning of white
adipose tissue. These overall findings provide
rationale for targeting Ang-(1-7) to prevent
development of obesity and related pathology
such as insulin resistance and adipose
inflammation.
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Lacking of Gamma Delta T Cells Exaggerate
Cardiac Dysfunction in Angiotensin ll-induced
Hypertension in Balb/cByJ Mice

PrimaryAuthor.AuthorBlock:Tang-Dong Liao,
Jiang Xu, Oscar A Carretero, Henry Ford Hosp,
Detroit, Ml

Gamma Delta T lymphocytes are important
innate immune component which express y6 T
cell receptor (TCR). These cells are capable of
spontaneous secretion of IL-17 and IFN gamma
proinflammatory cytokines. Recently, new
evidence suggests that the innate and adaptive
immune system is involved in the hypertension
and end-organ damage. We tested the

hypothesis whether deficiency in y6 TCR has a
beneficial effect on cardiac function in
Angiotension Il (Ang Il)-induced hypertension.
Male Balb/cByj wild-type (WT) and Tcryé
knockout (Tcryd-/-) mice were infused with
vehicle or Ang |l at dosage of 400ng/kg/min for
4 weeks. Our results showed Systolic blood
pressure (SBP) was increased significantly after
1 week of Ang Il infusion, and the increase was
sustained 4 weeks in WT mice, however in
Tcry8-/- mice, SBP dropped significantly at 4
weeks compared to WT (tablel).
Echocardiography data showed that ejection
fraction (EF) and shortening fraction (SF) were
decreased significantly after Ang Il infusion;
these effects were exacerbated in Tcry8-/- mice
given Ang Il. Also both mass and chamber
dimension increased greater in Tcryd-/- mice
given Ang Il compared to WT (tablel). The
results indicated Tcryd-/- mice given Ang Il
develop eccentric hypertrophy. We conclude
that lacking of y& T cells has a detrimental effect
on cardiac function in Ang ll-induced
hypertension in Balb/cByJ mice.

tablel:
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Early-onset Preeclampsia is Associated With
Left Ventricular Concentric Remodeling at 1-
month Post-partum Follow-up
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Preeclampsia (PE) is associated with persistent
cardiac abnormalities and a high cardiovascular
risk during the woman life. Early onset PE
presenting before the 34™ gestational week is a
more severe form of disease, but its relevance
on cardiac abnormalities is unknown. The aim
of this study was to assess cardiac structure and
function in women with PE without preexistent
hypertension. One month after delivery, the
clinical and echocardiographic variables of 65
preeclamptic women (age 3616 y), 37% of
which with early PE, was compared with a
group of 30 normotensive (age 3716 y), 16
hypertensive (age 4015 y) nonpregnant women,
and 6 women with normal pregnancy (age 3615
y) who were matched for age and height.
Despite comparable antihypertensive
treatment, women with early PE had lower 24-
hour average systolic and diastolic blood
pressure than those with late PE (12511 Vs
136+15). Left ventricle (LV) relative wall
thickness was significantly greater in women
with early PE (0.36+0.06) than in those with late
PE (0.31+0.07; p<0.05) and normotensive
(0.30+0.06; p<0.05) women, but not
hypertensive women (figure). Women with
early and late PE had comparably greater LV
mass and worse diastolic function as assessed
by the E/A ratio (PE 1.6+0.4 Vs 1.840.4 P<0.01)
and isovolumic relaxation time (PE 96128 Vs
73112 msec, P<0.001) than normotensive
women. In conclusion, women with early onset
PE have more pronounced LV concentric
remodeling than women with late onset PE.
This observation could account for the greater
cardiovascular risk of these patients and might

prompt the use of antihypertensive drugs
specifically acting on LV remodeling.
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ProANP 31-67 and Renal Function in Heart
Failure
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Larry Mahan, Madeleine Pharmaceuticals,
Madison, WI

The physiologic interplay between heart and
kidney is best understood in the context of
heart failure (HF). Two-thirds of HF patients
suffer from cardiorenal syndrome (CRS) - heart
failure with renal insufficiency wherein both
organs contribute to their reciprocal decline.
Four peptides are released from an atrial
natriuretic prohormone in response to atrial-
ventricular wall stress in HF. One in particular, a
well characterized 28 a.a cyclic peptide from
the C-terminus termed ANP elicits systemic
vasodilation via cGMP release and was
developed as Natrecor® to treat acute HF.
Limited preclinical data exists regarding the
remaining three N-terminal peptides although
all three have been explored for clinical utility in
a limited series of Phase 1 and 2a clinical trials
in the U.S. and in Australia. We have examined
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a 37 a.a. linear peptide, mid-sequence in the
prohormone termed proANP 31-67 (MP3167) to
better understand its role in CRS. MP3167 is
unique among the four as it has the longest
half-life of all in humans (1-1/2 hours vs.
minutes), is highly acidic (pl=3.2; -5 net charge),
appears resistant to degradation by neprilysin
and has been reported to act through PGE2
although the tissue source in humans is
unknown. We show for the first time that
MP3167 elicits a 3-fold increase in PGE2 release
over basal levels predominantly in human renal
medullary tissue (from 2401 + 97.2 to 8437 +
62.9 pg/ml, N=3, p<0.001). The positive control,
beta hydroxyl butyric acid (BOH) also increased
PGe2 (from 2401 + 97.2 to 7749 +120 pg/ml,
N=3, p<0.01). In 3D cultured cells isolated from
digested tissue, we also observed an increase in
MP3167 stimulated PGE2 (From 41.1+1.3 to
62.9 + 3.19 pg/ml, N=3, p<0.05). The PGE2
signal co-localizes with cells stained by L1-CAM
antibody implicating collecting tubules/ducts at
the cortical-medullary interface. As the receptor
and second messenger pathway for MP3167 is
unknown, we have isolated L1-CAM positive
cells and created immortalized cell lines of
human origin. Initial findings reiterate MP3167
stimulated PGE2 release, reaching a maximum
by ~10 min. These human studies will enable
better understanding of MP3167 as a regulator
of renal function and the paracrine actions of
PGE2 in rebalancing heart and renal function in
CRS associated HF.
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Endothelial Nogo-B Controls Sphingolipid de
novo Biosynthesis to Impact Coronary Artery
Atherosclerosis

PrimaryAuthor.AuthorBlock:Yi Zhang, Linda
Sasset, Ren Xu, Matthew Blake Greenblatt,
Annarita Di Lorenzo, Weill Cornell Medical Coll,
New York, NY

Coronary artery disease is a leading cause of
myocardial infarction (Ml) worldwide.
Alterations in sphingolipid levels have been
linked to atherosclerosis although specific
molecular mechanisms are poorly understood.
Recently, we discovered that endothelial Nogo-
B, a membrane protein of the ER, regulates
vascular functions by inhibiting serine
palmitoyltransferase (SPT), the rate-limiting
enzyme of the de novo sphingolipid
biosynthesis. Mice lacking Nogo-B are resistant
to hypertension and heart failure. Here, we
employed a novel model of coronary
atherosclerotic lesions induced by
hypercholesterolemia and hypertension, well-
known risk factors for atherosclerosis. To this
aim, transverse aortic constriction (TAC) surgery
was performed in mice lacking endothelial
Nogo-B in ApoE” background and ApoE”" mice



as control. ApoE” mice developed coronary
atherosclerotic lesions within 6 weeks following
TAC, (without the need of long-term high-
cholesterol diet) and ~70% of the mice died of
Ml at 6-week post-TAC. On the contrary, mice
lacking Nogo-B specifically in endothelial cells
were markedly resistant to the development of
coronary atherosclerotic lesions and Ml (~20%).
Mechanistically, in the absence of endothelial
Nogo-B, the biosynthesis of sphingolipids,
particularly S1P, is upregulated, protecting the
endothelium from hypertension and
hypercholesterolemia-triggered vascular
inflammation and atherogenesis. This study
identifies an important and novel role of
endothelial Nogo-B-dependent regulation of
sphingolipid de novo biosynthesis in the
coronary atherosclerosis, a primary cause of
myocardial infarction.
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Nox5 is a Pro-contractile Nox Isoform -
Implications in Vascular Contraction and
Cardiac Fibrosis

PrimaryAuthor.AuthorBlock:Augusto C
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The functional significance of Nox5 is unknown.
Considering the fact that Nox5 is closely
associated with changes in [Ca?'] and that it

generates ROS, both of which are important in
contraction, we questioned whether Nox5 plays
a role in pro-contractile signaling and whether it
influences vascular function. We generated
humanised Nox5 mice with Nox5 expressed in a
VSMC-specific manner (Nox5+SM22+). Vascular
contraction was measured by myography. ROS
production was assessed by HPLC, amplex red
and ELISA. Protein levels were evaluated by
immunoblotting. Fibrosis was assessed by Picro
Sirius red staining and polarized microscopy.
Contraction to U46619 was increased in
Nox5+/SM22+ mice (5.8+0.3 mN vs WT: 4.2+0.2
mN, p<0.05), an effect blocked by a NAC (ROS
scavenger), calmidazolium (calmodulin
inhibitor), dantrolene (ryanodine receptor Ca%
channel inhibitors) and CDN1163 (SERCA
channel activator). ONOO" levels were increased
in vessels from Nox5+/SM22+ (5.8+0.9 vs WT
3.4140.1 AU/mg, p<0.05). ZIPK is an important
regulator of MYPT1 inactivation. In vessels from
Nox5+/SM22+ mice, ZIPK activation was
increased (58.6+3.64 vs 27.73+7.64 AU, p<0.05).
VSMC-Nox5 exhibited increased cardiac levels
of superoxide (WT: 606.3+78.5 vs 1456.0+184.8
nmol/mg of protein), H202 (WT: 11.1+1.3 vs
23.88%5.1 uM/ug of protein) lipid peroxidation
(WT: 0.70£0.09 vs 1.18+0.18 nmol/ pg of
protein), cardiac fibrosis (WT: 3.46+1.71 vs
4.39+0.04 AU), p38 MAPK activation
(WT:0.9840.04 vs 1.61+0.12 AU) and fibronectin
expression (WT:1.23+0.07 vs 2.31+0.29 AU)
(p<0.05). Moreover, peroxiredoxin oxidation
was increased (WT: 1.43+0.4 vs 6.28+2.0 AU,
p<0.05). In VSMCs, downregulation of Nox5, but
not Nox1,2,4, by siRNA was associated with
reduced phosphorylation of MLC20 and MYPT1.
In conclusion, our results demonstrate that
Nox5 regulates vascular contraction through
processes that involve , ROS, calmodulin,
ryanodine and ER-Ca?* channels. Nox5 may be
an important regulator of the contractile
machinery in VSMCs. In addition, VSMC-Nox5
induces oxidative stress in the heart, leading to
fibrosis. Our study defines a novel role for Nox5



as a pro-contractile Nox isoform that may have
important implications in conditions associated
with vascular hypercontractility.
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Angiotensin llI-induced Hypertension and
Cardiac Hypertrophy are Mediated
Differentially by TLR3- and TLR4-dependent
Pathways
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The innate immune system plays a key role in
onset and maintenance of hypertension. We
showed that the toll-like receptor (TLR) adaptor
protein TRIF (toll interleukin receptor domain-
containing adaptor-inducing interferon-b), but
not MyD88 (myeloid differentiation 88), is
required for angiotensin Il (Ang Il) induced
hypertension in mice. TRIF transduces signals
from TLR3 and TLR4, to induce inflammatory
gene expression. In this study, we sought to
determine which TLR is responsible for TRIF-
mediated hypertensive effects of Ang Il. We
used a TLR4 deficient mice (TLR4-del) that have
TLR4 gene deleted and the wild type (WT)
control strain (C57BL/10). We also used a TLR3-
knockout mice (TLR3ko) that have the exon 1 of
the TIr3 gene deleted. Saline or Ang Il (1000
ng/kg/min) was infused subcutaneously for 3
weeks using mini-osmotic pumps and systolic
blood pressure (SBP) was measured by tail cuff.
Ang Il increased peak SBP in WT (from 108 + 1.3
mmHg to 136.0 + 12.7 mmHg, n= 3) and TLR4-

del (from 115.6 + 2.7 mmHg to 154.4 + 3.3
mmHg, n=3) mice. In contrast, peak SBP was not
increased significantly with Ang Il infusion in
TLR3ko mice (from 111.3 +4.5t0122.2 +18.6
mmHg, n=6) nor was it increased in WT mice
after selective inhibition of TLR3 signaling with
CU CPT 4a. Thus, the TLR3/TRIF, but not TLR4,
pathway is essential for Ang Il hypertension. In
parallel with the pressure responses to Ang I,
renal expression of Nox4 was significantly
decreased in TLR3ko mice but was unchanged in
TLR4-del and WT mice.

In contrast to Ang ll-induced hypertension,
Angll-induced cardiac hypertrophy, measured
as heart weight to body weight ratio, after 3
weeks of Ang Il infusion was reduced in both
TLR4-del (5.38 £ 0.19 mg/g) and TLR3ko (4.99
0.15 mg/g) compared to WT (7.14 £ 0.49 mg/g).
Thus, cardiac hypertrophy is abrogated in TLR4-
del despite a robust pressor response to Ang .
The cardiac pro-inflammatory gene expression
of tumor necrosis factor alpha (Tnfa), NADPH
oxidase 4 (Nox4), and matrix metalloproteinase
9 (Mmp9) was increased in WT heart but
attenuated in both TLR4-del and TLR3ko hearts.
The results indicate a selective dependence of
Ang Il hypertension on TLR3/TRIF pathway
whereas Ang lI-induced cardiac hypertrophy
depends on both TLR3 and TLR4, likely through
the common TRIF adaptor protein.
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Diastolic Blood Pressure, Coronary Artery
Calcium, and Cardiac Outcomes in the Multi-
ethnic Study of Atherosclerosis
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Diastolic blood pressure (BP) has a J-curve
relationship with coronary heart disease and
death. Because this association is thought to
reflect reduced coronary perfusion at low
diastolic BP, our objective was to test whether
the J-curve is most pronounced among persons
with coronary artery calcium. Among 6,811
participants from the Multi-Ethnic Study of
Atherosclerosis, we used Cox models to
examine if diastolic BP category is associated
with coronary heart disease events, stroke, and
mortality. Analyses were conducted in the
sample overall and after stratification by
coronary artery calcium score. In multivariable-
adjusted analyses, compared with diastolic BP
of 80 to 89 mmHg (reference), persons with
diastolic BP <60 mmHg had increased risk of
coronary heart disease events (HR 1.69 [95%
confidence interval 1.02-2.79]) and all-cause
mortality (HR 1.48 [95% confidence interval
1.10-2.00]), but not stroke. After stratification,
associations of diastolic BP <60 mmHg with
events were present only among participants
with coronary artery calcium >0. Diastolic BP
<60 mmHg was not associated with events
when coronary artery calcium was zero. We
also found no interaction in the association
between low diastolic BP and events based on
race. In conclusion, diastolic blood pressure <60

mmHg was associated with increased risk of
coronary heart disease events and all-cause
mortality in the sample overall, but this
association appeared strongest among
individuals with elevated CAC; suggesting that
added caution may be needed when pursuing
intensive BP treatment targets among persons
with subclinical atherosclerosis.
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Acute Inhibition of HDACs After MI Leads to
Suppression of Angiogenesis

PrimaryAuthor.AuthorBlock:Sudhakar -
Veeranki, Suresh C Tyagi, Univ of Louisville,
Louisville, KY

Aim: Although histone deacetylase inhibitors
(HDACI) confer protection after myocardial
injury (MI), the changes in the profiles of the
angiogenic regulators are unknown after the
usage of clinically approved HDAC inhibitors.
Methods: All the mice underwent permanent
LAD ligation. The mice were treated with
Belinostat (PXD101), a clinically approved
HDACI, for a period of 3 days at a dose of 100
mg/kg, I.P., daily after the creation of MI. Mice
were sacrificed after 72 hrs of Ml and the
ischemic and non-ischemic portions of heart
tissue were collected. Relative levels of 53
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angiogenesis-related proteins were quantified
by using angiogenic arrays. Heart function was
evaluated before and after 72 hrs of Ml injury.
Markers of inflammatory cells (macrophages
and neutrophils) and endothelial progenitor
cells (EPCs) were assayed in the ischemic
tissues. Levels of different cytokines were
measured in the plasma. Results: Belinostat
(PXD101) treatment failed to ameliorate heart
function after the 72 hrs of treatment. There
were specific changes in the levels of EPC
chemokines such as CXCL1 and MCP1 after the
treatment. Further assaying of various
endothelial markers revealed diminished
endothelial migration and differentiation in the
ischemic tissues after the treatment, which was
coincided with reduced macrophage presence.
The transcriptional ability of the two major
regulators of CXCL1 and MCP1, STAT3 and
NFkB, was suppressed. Reduced IL-6 signaling
was found to be the major cause behind the
low inflammatory profile, diminished
inflammatory cell presence and declined EPC
presence. Conclusions: Acute inhibition of
HDACs through Belinostat (PXD101) led to
lower inflammatory profile and
neoangiogenesis after MI. Our study
underscored the complex role of HDACi in the
regulation of myocardial angiogenic responses
after Ml injury and suggested careful
reexamination before their translational use. It
was also noted that the timing of HDACi use
after the Ml is crucial in the successful
translation of HDACi into the clinic.
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Depressor Mechanisms of Nicotinamide in a
Murine Model of Preeclampsia

PrimaryAuthor.AuthorBlock:Tomofumi
Fushima, Hiroshi Sato, Sadayoshi Ito, Nobuyuki
Takahashi, Tohoku Univ, Sendai, Japan

Introduction: We have reported that
upregulation of the endothelin (ET) system
plays a pivotal role in a mouse model of
preeclampsia. Because ETA receptor
antagonists are teratogenic, we cannot use
them to treat pregnant women. Nicotinamide
(Nam) inhibits ADP ribosyl cyclase (ADPRC),
diminishes a release of Ca?* from intracellular
stores, and dilates vessels constricted by ET. We
have recently reported that Nam ameliorates
the high BP induced by excessive sFlt-1. Nam
also shows beneficial effects on pregnancy
maintenance and fetal growth. Objective: The
aim of the present study is to clarify the
depressor mechanisms of Nam. Methods: We
measured tail-cuff BP before and 5 days after
administering 1x10° pfu sFlt-1 in non-pregnant
WT mice and mice lacking CD38, the major form
of ADPRC. We next measured SBP using
radiotelemetry to investigate effects of Nam
500 mg/kg BW by using DAB (2,2'-
dihydroxyazobenzene, a specific inhibitor of
ADPRC) 0.1 mmol/kg BW, CrMP (chromium
mesoporphyrin, a specific inhibitor of heme
oxygenase) 2 umol/kg, or fasudil (a Rho kinase
inhibitor) 40 mg/kg. Results: Lack of CD38
prevented sFlt-1 induced hypertension (WT
106.0 £ 2.1 mmHg, CD38-/- 105.0 + 2.1 mmHg,
WT sFlt-1 126.3 + 2.0 mmHg, CD38-/- sFlt-1
110.2 + 1.2 mmHg), and diminished the
decrease in SBP by Nam. DAB transiently
decreased SBP, whereas Nam has a depressor
effect lasting more than an hour. Pretreatment
with CrMP for 30 min reversed the hypotensive
effect of Nam within 60min. Both Nam and
fasudil decreased elevated BP by sFlt-1, and the



combination of them additively decreased BP
(sFlt-1 145.9 £ 3.6 mmHg, sFlt-1+Nam 122.9 +
7.1 mmHg, sFlt-1+fasudil 93.6 £ 9.7 mmHg, sFlt-
1+Nam+fasudil 81.9 + 8.9 mmHg). Conclusions:
Nam decreases BP in mice by inhibiting ADPRC
and by increasing the production of HO-1.
Fasudil explains why depressor effect of Nam is
smaller than that of inhibiting ETAR. However,
because fasudil is teratogenic, Nam is a
promising drug to treat hypertension in
preeclampsia.
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Remote Patient Monitoring for Postpartum
Hypertension: A Pilot Study

PrimaryAuthor.AuthorBlock:Kara K Hoppe, Julia
B Zella, Univ of Wisconsin-Madison, Madison,
WI; Nicole A Thomas, UnityPoint Health-
Meriter, Madison, WI; Heather M Johnson, Univ
of Wisconsin-Madison, Madison, WI

Background: Postpartum hypertension is a
leading indication for hospital readmission and
maternal mortality. Objective: To conduct a
pilot intervention to establish the feasibility of
telehealth monitoring/treatment after hospital
discharge for women with or at risk of
developing severe postpartum hypertension
(SBP>150 or DBP>105 mmHg). Methods: This
prospective intervention at a Midwestern
academic group practice included adult women
with a hypertension-related diagnosis in the
antenatal and/or postpartum period. Prior to
discharge, patients received a tablet computer
and blue tooth equipment (scale, blood
pressure, oxygen saturation and heart rate

monitor) to transmit home vital signs daily to a
nurse. Patients had a nurse telehealth visit 48
hours and 7 days post-discharge. A nurse-driven
outpatient treatment algorithm was developed
and utilized for initiation and/or cessation of
antihypertensive medications. Study follow-up
was 6 weeks postpartum, followed by transfer
to routine clinical care. Results: Among the 121
women with a hypertension-related disorder of
pregnancy; 32 of the intended 55 have been
enrolled to date (26%). [HJ2] Among the study
patients, 6/32 (19%) were discharged on
antihypertensive medication, of which 4/6
(67%) required an increase in the dose after
discharge. After discharge, 10/32 (31%)
required antihypertensive initiation after
discharge due to development of severe
hypertension. Overall, postpartum blood
pressures became severe on day 4.9 (mean SBP
was 158mmHg and DBP was 96mmHg). Among
enrolled participants, there were two
emergency room visits, however no hospital
readmissions; 3/32 (9%) discontinued the study
prior to study completion due to social
situations. Conclusions: The preliminary results
of our pilot intervention demonstrate feasibility
and patient acceptability with telehealth
monitoring for postpartum hypertension-
related disorders. Furthermore, we
demonstrated important temporal trends in the
natural history of postpartum hypertension
from discharge through 6 weeks postpartum
which will guide larger clinical trials. Telehealth
monitoring is a promising outpatient treatment
strategy for postpartum hypertension to reduce
readmissions and decrease maternal morbidity.
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Fetal Growth Restriction is Associated with
Spontaneous Gestational Hypertension in
African Green Monkeys

PrimaryAuthor.AuthorBlock:Chelsea C Weaver,
Univ of Kentucky, Lexington, KY; Justin L Grobe,
Mark K Santillan, Univ of lowa, lowa City, IA;
Jeffrey L Osborn, Univ of Kentucky, Lexington,
KY

Hypertensive pregnancy disorders, including
gestational hypertension (GH) and preeclampsia
(PE), are a major cause of worldwide maternal
and fetal mortality. The only treatment for PE is
delivery of the infant and placenta. Elucidating
the cause of GH and PE is critical for improving
diagnosis and therapy. This study provides the
pregnant African Green Monkey (AGM;
Chlorocebus aethiops sabeus) as the first known
nonhuman model of spontaneous GH with
pathophysiological characteristics of PE. Here,
maternal blood pressures, water balance, renal
electrolyte excretion, and fetal birth weight are
characterized in AGMs. Following ketamine
sedation (15 mg/kgi.m.), systolic blood
pressures (SBP) were obtained in AGMs using
forearm plethysmography. Animals were
defined as normotensive (NT; SBP < 120
mmHg), hypertensive (HT; SBP > 140 mmHg), or
GH (SBP increased from non-HT to 215 mmHg in
3" trimester). Nonpregnant SBP for NT AGMs
was 98.7 £ 3.7 mmHg (n = 18), for HT AGMs was
154.7 £ 5.7 mmHg (n = 6), and for GH AGMs was
111.3 £ 6.1 mmHg (n = 7). Third trimester SBP
for NT AGMs was 102.9 + 4.0 mmHg (n = 13),
and for GH AGMs was 146.3 + 4.6 mmHg (n = 7).
SBP decreased by 5.2 + 8.1 mmHg in NT
pregnancies (n = 5) and increased 35.0 + 8.1
mmHg in GH pregnancies (n = 6).There were no
differences in water intake or 24-hour urinary
Na*/K* excretions among AGMs regardless of
group. Infant birth weight was lower in GH
AGMs than that of NT AGMs (GH 233.1+27.0 g,

n=>5;NT314.5+16.7 g, n = 7; p<0.05). These
data show GH in the AGM is associated with
fetal growth restriction, decreased late
pregnancy SBP in controls, and increased SBP in
GH, similar to human pregnancies. Future
studies include examination of renal glomerular
structure, placental histopathology and
transcriptomics, protein excretions, and plasma
PE biomarkers to further establish this animal as
a spontaneous model of GH and possibly PE.
The AGM, having diverged from the human
lineage approximately 29 million years ago, has
close genetic homology to humans. This
evolutionary history has led to a shared organ
physiology, circadian rhythmicity, upright
posture, and complex familial and behavior
systems with humans, making it a highly
translational animal model of hypertensive
pregnancy disorders critical to cardiovascular
research.
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Regulation of sFlt-1 Splicing by U2AF and JMJD

PrimaryAuthor.AuthorBlock:Adrian C Eddy,
Heather Chapman, Eric M George, Univ of MS
Medical Ctr, Jackson, MS

Preeclampsia (PE) is a gestational disorder
defined by new-onset hypertension and
maternal endothelial dysfunction. Though its



origins are unclear, placental ischemia is
thought to be the central cause. In response,
the placenta releases pathogenic factors, such
as the anti-angiogenic soluble form of the VEGF
receptor Flt-1 (sFlt-1), into the maternal
circulation. sFlt-1 is a soluble splice variant of
the VEGF receptor Flt-1, acting as a VEGF sink in
the circulation. The regulation of sFlt-1 splicing
is not completely understood, but it is proposed
that the splicing factor U2AF65 promotes
splicing, while JMJD6 opposes it by degrading
U2AF65. Here, we test the hypothesis that
decreased expression of U2AF65 will decrease
sFlt-1 release, while decreased JMJD6 will
increase sFlt-1 release. Using immortalized
placental trophoblasts (BeWo), siRNA was used
to knock down the expression of U2AF65,
confirmed by RT-gPCR (1.014 + 0.12 vs 0.379 +
0.131; p<0.05). After transfection, cells were
incubated at 8% and 1% oxygen for 24 hours,
mimicking the conditions found in the healthy
and ischemic placenta respectively. As
hypothesized, U2AF65 knockdown caused a
52% decrease in released sFlt-1 compared to
controls in hypoxia (56.8 + 9.4 pg/mLvs 118.9 +
9.2 pg/mL; p<0.05). siRNA successfully reduced
JMDJ6 mRNA (1.008 + 0.09 vs 0.3698 + 0.04;
p<0.05) and demonstrated undetectable
protein levels. Unexpectedly, this resulted in a
33.8% decrease (342.7 + 35.8 pg/mLvs 517.8 +
15.4 pg/mL; p<0.005) in the amount of sFlt-1
release from cells in hypoxia and a 49%
decrease (246.2 + 23.6 pg/mLvs 482.8 + 39.4
pg/mL; p<0.001) in normoxia compared to their
respective controls. We also measured both
U2AF65 and JMID6 in the placentas of control
rats and those that had chronic placental
ischemia due to the Reduced Uterine Perfusion
Pressure (RUPP) procedure. RUPP placentas
showed a 61.6% increase in U2AF65 compared
to controls (161.6 + 11.6 AU vs 100 + 9.8 AU;
p<0.005) and a 121% increase in JMJD6 in RUPP
placentas (221.1 + 30.4 AU vs 100 + 40.9 AU; p=
0.0549). Based on these data, we speculate that
both JMJD6 and U2AF65 are crucial for the

production of sFlt-1 by affecting alternative
splicing. Targeting these factors could prove a
useful approach for reducing sFlt-1 production
in the preeclampsia patient.
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Exaggerated Placental Ischemia-induced
Hypertension in Endothelin Receptor Type B
(ETB)-deficient Pregnant Rats s Independent of
Increased sFlt-1 or ROS Levels

PrimaryAuthor.AuthorBlock:Frank T Spradley, U
of Mississippi Medical Ctr, Jackson, MS

While the pathogenesis of preeclampsia is not
fully understood, studies implicate placental
ischemia. Reduced uterine perfusion pressure
(RUPP)-induced placental ischemia/hypoxia in
animal models stimulates release of factors like
antiangiogenic sFlt-1 into the maternal
circulation increasing vascular-renal ET-1. ET-1
promotes hypertension via reactive oxygen
species (ROS). Blockade of vasoconstrictive ETA
abolishes RUPP hypertension. Deficiency of
vasodilatory ETB in rats leads to increased blood
pressure in pregnancy. While ETB deficiency
markedly enhances RUPP hypertension, it is
unknown if there is exaggerated RUPP-induced
sFlt-1, ET-1 or ROS levels in ETB-def rats. The
hypothesis was tested that placental
ischemia/hypoxia-induced release of sFlt-1 and
circulating ET-1 and ROS are greater in ETB-def
rats. Eighteen-week-old ETB-def and transgenic
(Tg) control pregnant rats were generated with
Wistar Hannover males. RUPP or Sham



surgeries were on gestational day 14 and
assessment of plasmas and placentas at day 19.
RUPP increased placental sFlt-1 (pg/mg)
similarly in RUPP ETB-def (781+113, N=5) vs
Sham ETB-def (573454, N=12) and RUPP Tg
(631+62, N=5) vs Sham Tg (547+31, N=12)
(P<0.05). In placental explant cultures, acute
hypoxia (48 h 1% 02 vs normoxia 6% 02)
stimulated a comparable release of sFlt-1
(pg/mg) in Sham ETB-def (25774135 vs
2070+78) and Sham Tg (3208+318 vs 2553+107)
(P<0.05). Unexpectedly, plasma sFlt-1 (pg/mL)
was lower in RUPP ETB-def (153+48) vs Sham
ETB-def (476£125) and RUPP Tg (238+32) vs
Sham Tg (463+102) (P<0.05). Plasma ET-1
(fmol/L) was exaggerated in RUPP ETB-def
(954+70) and greater in Sham ETB-def (735+43)
vs RUPP Tg (122+14) or Sham Tg (142141)
(P<0.05). Plasma H202 (umol/L) was not
exaggerated in RUPP ETB-def (5.4+1.2) or RUPP
Tg (4.0%0.5) but was greater (P<0.05) in Sham
ETB-def (6.2+0.3) vs Sham Tg (3.6+0.3). In
conclusion, these data suggest in 1) normal
pregnancy, ETB is crucial for blood pressure
control by regulating bioavailable ET-1 to
prevent ROS production and 2) placental
ischemia, ETB reduces excess ET-1 to buffer
hypertension independently of sFit-1 or ROS.
These data support ETB physiology as important
in controlling blood pressure in pregnancy and
its loss in mediating hypertension in
preeclampsia.
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MiR-210 Overexpression Induces sFlt1
Production and Contributes to Preeclampsia-
like Symptoms in Pregnant Mice

PrimaryAuthor.AuthorBlock:Valorie L. Chiasson,
Kelsey R. Bounds, Lu J. Pan, Rachel M.
Engelbrecht, Baylor Scott & White HL, Temple,
TX; Piyali Chatterjee, Baylor Scott & White
HL/Texas A&M HSC, Temple, TX

Preeclampsia (PE) is an obstetric complication
that is diagnosed by hypertension and
proteinuria at or after 20 weeks of gestation. PE
is a multifactorial disease, but it is widely
accepted that impaired proangiogenic factors
such as vascular endothelial growth factor
(VEGF), placental growth factor (PIGF) and
antiangiogenic factor such as soluble FMS-like
tyrosine kinase-1 (sFlt1) or VEGF receptor-1
balance during pregnancy is linked to PE. sFlt1,
a splice variant of Flt1 binds to either VEGF or
PIGF and blocks their action. In addition,
placental angiogenesis is known to be regulated
by specific miRNAs that are typically
dysregulated during PE highlighting the
importance of these miRNAs in pregnancy
disorders. miR-210 is upregulated in placentas
and serum/plasma of PE women and is also
known to modulate angiogenic pathways.
Therefore, we hypothesized that miR-210
overexpression contributes to the development
of PE-like symptoms by altering the
angiogenic/antiangiogenic pathway. To this
end, we demonstrate increased systolic blood
pressure (SBP: miR-210 TGP =115+ 2 mm Hg
vs. WT P =95 + 2 mm Hg, p<0.05), endothelial
dysfunction and proteinuria in pregnant miR-
210 TG mice as compared to control WT mice.
Placental sFlt-1 levels increased and PIGF levels
decreased in miR-210 TG mice as determined by
immunoblotting. Immunohistochemistry (IHC)
analysis demonstrated an increase in sFltl and a
decrease in PIGF immunoreactivity in miR-210



TG placentas. Pregnant miR-210 TG mice
exhibited increased serum levels of sFlt-1 as
well as decreased PIGF as compared to
pregnant WT mice. Furthermore,
immunohistological analysis of stained human
placental sections revealed an increase in sFlt-1
and a decrease in PIGF in pregnant miR-210 TG
as compared to pregnant WT mice. To
determine the placental etiology, human
cytotrophoblasts (CTBs) overexpressing miR-
210 demonstrated a decrease in PIGF while
inhibition of miR-210 in CTBs using anti-miR-210
oligos increased the PIGF expression as
determined by immunoblotting. These data
taken together suggest that miR-210 modulates
the angiogenic/antiangiogenic pathway and
contributes to PE-like features in mice. Thus,
targeting miR-210 by delivering anti-miR-210
oligos may prevent PE-like symptoms in
pregnant women.
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Blockade of Macula Densa NOS1 Decreases
GFR and Promotes the Development of
Hypertension During Pregnancy

PrimaryAuthor.AuthorBlock:Jin Wei, Jie Zhang,
Univ of South Florida, Tampa, FL; Suttira
Intapad, Tulane Univ Sch of Med, New Orleans,
LA; Lei Wang, Shan Jiang, Univ of South Florida,
Tampa, FL; Joey Granger, Univ of Mississippi
Medical Ctr, Jackson, MS; Ruisheng Liu, Univ of
South Florida, Tampa, FL

We hypothesized that neuronal nitric oxide
synthesis (NOS1) B in the macula densa

promotes the renal hemodynamic changes
during normal pregnancy and inhibition of
macula densa NOS1 induces hypertension
during pregnancy. First, we measured the
protein levels of NOS1p in the renal cortex,
which increased by 11.5+1.7 folds in pregnant
mice (n=5) compared with virgin mice (n=7,
p<0.01 vs virgin), while there was no change in
NOS1a. Then, in isolated and perfused
juxtaglomerular apparatus, we measured
tubuloglomerular feedback (TGF)-induced NO
generation by the macula densa, which
increased by 66.7+6.1% in pregnant mice (n=5)
compared with the virgin mice (n=5, p<0.01 vs
virgin). We next measured TGF in vivo using
micropuncture, which was 3.6£0.3 mmHg in
mice at day 19 of pregnancy (n=3) and 5.5+0.7
mmHg in virgin mice (n=7, p<0.05 vs virgin). To
determine the significance of the macula densa
NOS1, we measured glomerular filtration rate
(GFR) and mean arterial pressure (MAP) with
telemetry in macula densa specific NOS1
knockout (KO) mice (NKCC2¢¢; NOS1fo¥/flox) and
WT (NOS1fe¥/fX) mice. In the WT mice, GFR
raised by 25.7+£1.1% while the MAP decreased
by 6.1£2.7 mmHg at day 18 of pregnancy (n=7,
p<0.01). The elevations in GFR were largely
blunted in KO mice with only a 13.7£2.8%
increase while MAP gradually rose by 28.2+3.3
mmHg above basal level at day 18 of pregnancy
(n=5, p<0.05 vs baseline). Finally, we examined
macula densa NOS1 in a mouse model of
preeclampsia, a reduced uterine perfusion
pressure (RUPP) model. At day 19 of pregnancy,
the protein levels of NOS1B decreased
71.4+9.6% (n=5), NO generation reduced
26.7+5.8% (n=5) and TGF in vivo increased
41.61£12.2% (n=3) in RUPP mice, compared with
normal pregnant mice (p<0.05). Moreover, the
MAP or GFR was no significant different
between the pregnant KO mice with RUPP and
the pregnant KO mice. In conclusion,
upregulated macula densa NOS1f blunts TGF
response and promotes elevation of GFR during
normal pregnancy. In contrast, downregulation



of NOS1p in the macula densa enhances the
TGF response, decreases GFR and promotes
hypertension during pregnancy. These results
suggest that inhibition of macula densa NOS13
could be an important mechanism mediating
the decrease in GFR and elevation in MAP in
preeclampsia.
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Low Soluble Fms-like Tyrosine Kinase-1,
Endoglin, and Endothelin-1 Levels in Women
With Confirmed or Suspected Preeclampsia
Using Proton Pump Inhibitors

PrimaryAuthor.AuthorBlock:Alexander H
Danser, Langeza Saleh, Willy Visser, Anton H
van den Meiracker, ERASMUS MC, Rotterdam,
Netherlands

Preeclamptic patients display elevated
placenta-derived soluble Fms-like tyrosine
kinase-1 (sFlt-1) and endoglin levels, and
decreased placental growth factor (PIGF) levels.
Proton pump inhibitors (PPIs) decrease
trophoblast sFlt-1 and endoglin secretion in
vitro. PPls are used during pregnancy, to
combat reflux disease. Here we investigated
whether PPIs affect sFlt-1 in women with
confirmed/suspected preeclampsia, making use
of a prospective cohort study involving 430
women. Of these women, 40 took PPls (6
esomeprazole, 32 omeprazole and 2
pantoprazole) for 8-45 (median 29) days before
sFlt-1 measurement. Measurements were only
made once, at study entry between weeks 20-
41 (median 33 weeks). PPl use associated with
lower sFlt-1 levels, with no change in PIGF

levels, both when compared to all non-PPI
users, and to 80 gestational age-matched
controls selected from the non-PPI users. No
sFIt-1/PIGF alterations were observed in women
using ferrous fumarate or macrogol, while, as
expected, women using antihypertensive
medication displayed higher sFlt-1 levels and/or
lower PIGF levels. The PPl use-associated
decrease in sFlt-1 was independent of the
application of antihypertensive drugs and also
occurred when restricting our analysis to
patients with hypertensive disease of pregnancy
at study entry. PPl users displayed more cases
with preexisting proteinuria, less gestational
hypertension, and a lower number of neonatal
sepsis cases. Finally, their plasma endoglin and
endothelin-1 levels were lower, while sFlt-1
levels correlated positively with both. In
conclusion, PPl use associates with low sFlt-1,
endoglin, and endothelin-1 levels, warranting
prospective trials to investigate the therapeutic
potential of PPIs in preeclampsia.
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New Evidence for G Protein-coupled Estrogen
Receptor as a Natriuretic Factor

PrimaryAuthor.AuthorBlock:Eman Y Gohar,
ljeoma E Obi, Carmen De Miguel, Jennifer S
Pollock, David M Pollock, Univ of Alabama at
Birmingham, Birmingham, AL

Premenopausal women have a lower risk of
cardiovascular and renal diseases compared to



age-matched men. This protection includes
fewer salt-dependent complications. We have
shown that female rats have a more robust
natriuretic capacity compared to males in
response to increased dietary salt. The novel
estrogen receptor, G protein-coupled estrogen
receptor (GPER), is a membrane-bound
receptor linked to acute signaling pathways.
GPER activation elicits protective effects
throughout the cardiovascular system.
However, its role in sodium handling is not
defined. We hypothesized that activation of
GPER in the renal medulla stimulates sodium
excretion. In female Sprague Dawley (SD) rats,
isosmotic saline was infused into the renal
medullary interstitium (500 pl/h) during a 60-80
min equilibration period and 20 min baseline
urine collection period. This was followed by
infusion of the GPER agonist G1 (50
pmol/kg/min) or vehicle into the renal medulla
for two further 20 min periods. Compared with
vehicle, G1 significantly increased urinary
sodium excretion and urine flow (from 0.5 £ 0.1
t0 0.9 £ 0.2 pmol/min and from 5.3+1.1 to
8.3+1.6 ul/min, respectively, n=6, p<0.05).
Urinary potassium excretion and mean arterial
pressure remained unchanged during the
experiments (0.5 + 0.1 vs. 0.4 = 0.1 umol/min
and 108.6 £ 3.4 vs. 107.2 £ 5.1 mmHg,
respectively, n=6). Immunohistochemical
analysis of GPER revealed more predominant
staining in both inner and outer renal medulla
in female SD rats, compared to males. GPER
appears to be predominantly expressed in
interstitial cells. These data reveal that renal
medullary GPER plays an important role in renal
sodium handling and may account for the
enhanced ability to handle increased dietary
salt in females.
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Evidence of Angiotensin Il (Angll)-dependent
Obesity-induced Hypertension in Female Mice
Exposed to Postnatal Neglect
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Analia S Loria, Univ of Kentucky, Lexington, KY

Previously, we have shown that female mice
subjected to maternal separation with early
weaning (MSEW), a model of postnatal neglect,
display exacerbated diet-induced obesity and
high blood pressure (BP) compared with control
mice. Female MSEW mice show activated renin-
angiotensin system components, including
increased plasma renin activity and adipose
tissue-derived angiotensinogen secretion. The
goal of this study was to test whether
augmented obesity-induced hypertension in
female MSEW mice is Angll-dependent. Mouse
MSEW was achieved by repeated, daily
separations from the dam and 4-day early
weaning. Normally reared controls (C) were
weaned at postnatal day 21. Each experimental
group of female weanlings was comprised of 6
mice each and derived from 3 different litters,
that were placed on high fat diet (HFD, 60% kcal
from fat). After 18 weeks, mice were implanted
with radiotelemetry for BP measurement. At
week 20, average 24-hr systolic blood pressure
(SBP) was 13442 mmHg in MSEW mice and
12612 in C (P<0.05). No significant changes in
mean arterial pressure, diastolic blood pressure
or heart rate were observed between groups.
Next, we also determined the BP sensitivity to
the acute administration of Angll (1, 10 and 50
ug/kg, s.c.). Angll-induced BP changes, assessed



by BP area under the curve, were similar
between MSEW and C mice at all doses (50
ug/kg dose:145+10 vs. 132+15 mmHgx30 min,
respectively). Chronic enalapril treatment (2.5
mg/kg/day, drinking water, 7 days) was
conducted to block endogenous Angll synthesis.
Enalapril reduced SBP 15+2 mmHg in MSEW
mice but only 6+1 mmHg in C mice (p<0.05).
The BP response to acute Angll doses increased
similarly in MSEW and C enalapril-treated mice,
(50 ug/kg dose: 200£13 vs. 207+22 mmHgx30
min, respectively). In addition, BP and HR
responses to acute injections (i.p) of
mecamylamine (5 mg/kg), propranolol (5
mg/kg) or atropine (1 mg/kg) were similar
between untreated MSEW and C mice,
suggesting that exacerbated BP in female
MSEW mice is independent of sympathetic or
parasympathetic dysfunction. Taken together,
these data provide evidence that increased BP
in female MSEW mice results from elevated
circulating Angll rather than enhanced Angll
sensitivity or sympathetic nerve activity.
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Influence of Sex, Hormones and Age on
Cerebrovascular Function: Role of Large
Conductance Potassium Channel Subunits
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UMMC, Jackson, MS

Although adult females are protected, the
cerebrovascular disease is greater in aged post-
menopause females than in age matched males,

but the role of vascular function and large
conductance potassium (BK) channel is not
clear. We hypothesize that “compared to adult
males, cerebral vasculature of intact adult
female rats displays an attenuated myogenic
response and greater intrinsic tone due to
differential expression and function of BK
channel subunits. Aging or menopause
exaggerates myogenic response, diminishes
intrinsic tone and thus, vasodilatory capacity in
females more than males due to a reduction in
the BK subunit function.” Our results suggest
that middle cerebral arteries (MCA) of intact
adult females had attenuated myogenic
response compared to adult males and
ovariectomy (OVX) females (% change in
diameter: 1618, -25+4 and -49+7). Development
of intrinsic tone was greater in intact adult
females than adult males and OVX females (%
intrinsic tone: 47+5, 27+4 and 15+5). The ratio
of BK 1 to a subunits was less in intact adult
females than adult males and OVX females
(0.4+0.07, 210.3 and 0.6%0.1). Spontaneous
transient outward currents (STOC) were higher
in smooth muscle cells of intact adult females
compared to adult males (pA: 204127 and
128+7). While aging exaggerated the myogenic
response in females, it had no effect in males
(fold change 4+1 Vs 0.8+0.5). However, intrinsic
tone was decreased in aged females but
increased in aged males (% change -43+9 Vs 37+
6). Aging decreased the amplitude of STOCs but
with a greater magnitude of effect in females
(fold change females: -4.9+1; males: -0.8+0.2).
While aging increased BKa subunit, it decreased
B1 subunit protein (B1 change: females -52+8;
males -37£13). Acute activation of BKa subunit
by NS1619, while had no effect in intact adult
females (-5£3%), it dilated the MCA of adult
males (3219%). However, acute activation of
BKB1 by estradiol while relaxed MCA of adult
females (35£7%) and males (22+2%), it had less
effect in OVX females (-7+8%) and aged females
(4£9%). In conclusion, a higher incidence of
cerebrovascular disease in aged and



menopause female may be due to sex-specific
changes in vascular properties and BK channels
that could result in diminished estradiol-
mediated vasodilation.

Disclosures:M.R. Pabbidi: None. M.
Kuppusamy: None. T. Pareek: None. B.T.
Alexander: None. A.D. Newsome: None.

Funding: Yes
Funding Component: National Center

044

Sex Differences in Relative Contributions of
Hemodynamic Parameters to Blood Pressure:
A Population-based Study of Adolescents and
Middle-aged Adults
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Hypertension is a leading cause of death. Sex
differences in blood pressure (BP) and
hypertension prevalence emerge during
adolescence and remain throughout
reproductive age. Sex differences in BP-
underlying hemodynamics, i.e., in the relative
contributions of stroke volume (SV), total
peripheral resistance (TPR) and heart rate (HR)
to BP, have not been investigated in these age
categories in a population-based setting. We
studied a cohort of 1,347 individuals, including
911 adolescents (12-18 years, 52 % female) and
426 young to middle-aged adults (36-65 years,
56 % female). Beat-by-beat systolic BP (SBP)

and diastolic BP (DBP), together with HR, SV,
and TPR, were measured with a Finometer
throughout a 52-min protocol; the protocol was
intended to “mimic” daily-life activities, such as
changes in posture and mental stress. It is well
established that BP during regular daily
activities (ambulatory BP monitoring) is a better
predictor of target-organ damage than standard
office BP. The relative contributions of HR, SV
and TPR to SBP and DBP were determined by
decomposing the model-explained variance into
non-negative contributions. The relative
contributions of SV, TPR and HR to SBP and DBP
showed marked sex differences in young and
middle-aged adults. The main determinant of
higher SBP was SV in females (55 [50-60] % in
females vs. only 35 [30-40] % in males),
whereas it was TPR in males (47 [41-52] % in
males vs. only 30 [26-34] % in females). The
main determinant of higher DBP was TPR in
both sexes, but its contribution was higher in
males than females (58 [52-63] % vs. 41 [36-45]
%, respectively). These sex differences were
seen across most of the 52-min protocol, being
most prominent during standing and least
evident during mental stress. Similar sex
differences were observed in adolescents, but
they were less pronounced, being significant
only during standing. The present population-
based study of adolescents and young to
middle-aged adults, suggest that marked sex
differences exist in BP-underlying
hemodynamics, with BP being driven mainly by
SV in females and by TPR in males. These results
underscore the need for sex-specific treatments
of hypertension (not recommended currently),
which affects 3-5 % of adolescents and 23-58%
of young to middle-aged adults.
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The Enhanced Pressor Response to Angll in
Aged Females is Attenuated by Estrogen
Replacement via an AT.R-mediated
Mechanism

PrimaryAuthor.AuthorBlock:Giannie Barsha,
Katrina M Mirabito Colafella, Tracey Gaspari,
Iresha Spizzo, Lucinda M Hilliard, Robert E
Widdop, Chrishan S Samuel, Kate M Denton,
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Loss of estrogen (E,) following menopause
contributes to the sharp rise in cardiovascular
risk with age. E; is postulated to play a
protective role against hypertension and end-
organ damage by counterbalancing the pressor
actions of the RAS and enhancing the depressor
RAS pathways. The aim was to determine
whether E; replacement in aged females can
lower arterial pressure and improve endothelial
function via an AT,R-mediated mechanism.
MAP was measured via telemetry in ovary-
intact adult (4-month old), aged (17-month old)
and aged+E; (3 pg/day sc) FVB/N female mice,
which were co-treated with vehicle, Angll (600
ng/kg/min sc) or Angll+PD (PD123319, AT,R
antagonist; 3 mg/kg/day sc). On day 21 of
treatment, endothelium-dependent relaxation
in response to acetylcholine was assessed in
aortic vessels. Cardiac and renal, tissue fibrosis
and gene expression of E; receptors and RAS
components were also analysed. Basal MAP was
lower in E;-treated aged mice (90+1 mmHg,
n=20) relative to adult (94+1 mmHg, n=10) and
aged controls (94+1 mmHg; n=21, both P<0.05).
Similar to previous studies, the Angll pressor
response was enhanced in aged compared to
adult females (Figure). E, treatment reduced
the Angll pressor response in aged females

(Figure). Moreover, the attenuated pressor
response observed in the aged E;+Angll group
was abolished by co-infusion with PD (Figure).
Endothelial function was markedly impaired
with age (~23% reduced maximal vasodilation,
P=0.03) and worsened by Angll infusion (~38%,
P=0.001), however E; did not significantly
improve the response in any group. In
conclusion, E; replacement may reinstate
cardio-protection in aged females via an AT;R-
mediated mechanism.

Figure: Absoluln 24h MAP
n response 1o
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Chronic Estrogen Replacement Prevents the
Increase in Blood Pressure in Female IUGR
Offspring at 12 Months of Age
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Low birth weight (LBW) is associated with an
earlier age at menopause and a greater
prevalence of hypertension in women in later
life. Using a rodent model of LBW induced by
placental insufficiency, previous studies from
our lab indicate that intrauterine growth
restriction (IUGR) programs a significant
increase in blood pressure (BP) by 12 months of
age in female IUGR offspring. Female IUGR are
also acyclic by 12 months of age, or 6 months
prior to control indicative of early reproductive
senescence. The mechanisms involved in
menopause related cardiovascular risk are not
clear. Furthermore, the link between birth
weight and the greater prevalence for
hypertension in LBW women in later life is not
known. Female IUGR exhibit a shift in the
testosterone to estradiol ratio at 12 months of
age. Thus, this study tested the hypothesis that
a loss of estradiol (E2) contributes to the
increase in BP in female IUGR offspring that
develops by 12 months of age. Female rats
received vehicle or 17B-Estradiol valerate
minipellets (1.5mg for 60-day release) for 6
weeks starting at 12 months of age with BP
measured in conscious, chronically catheterized
rats following treatment (2way ANOVA; Tukey’s
multiple comparison). BP was significantly
increased in vehicle-treated IUGR relative to
vehicle-treated Control (*, p<0.05); an increase
that was abolished by chronic E2 in IUGR (**,
p<0.05). Uterine weight, a crude marker of E2,
was significantly increased by chronic E2 in both
Control and IUGR E2-treated offspring (**,
p<0.05). Therefore, this study indicates that E2
withdrawal after early reproductive senescence
contributes to the increase in BP that develops
in later life in female IUGR offspring.
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Clinical Outcomes by Race and Ethnicity in the
Systolic Blood Pressure Intervention Trials
(SPRINT): A Randomized Control Trial
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Background: Lowering systolic blood pressure
(SBP) reduces cardiovascular disease morbidity
and mortality; however, appropriate SBP
targets, especially by race/ethnicity remain
uncertain.

Methods and Results: We examined the effects
of an intensive SBP goal (<120 mm Hg)
compared to the current recommendation (<
140 mmHg) on cardiovascular disease (CVD)
outcomes in racial-ethnic groups in SPRINT
(Systolic Blood Pressure Intervention Trial).
High-risk non-diabetic patients with
hypertension (N =9,361; 30% Black; 11%
Hispanic), 50 years and older were enrolled at
102 clinical sites across the U.S. and Puerto
Rico. Primary outcome was a composite of the
first occurrence of a myocardial infarction,
acute coronary syndrome, stroke,
decompensated heart failure, or CVD death.
Average t SD post-baseline SBP across
race/ethnic groups ranged from 134.7+0.1 to
135.5+£0.2 mmHg in the standard arm compared
t0 119.9+0.4 to 122.6+0.2 in the intensive arm.
Intensive vs. standard arm hazard ratios [HRs]
(95% Cl) for the primary outcome were 0.70
(0.57-0.86), 0.71 (0.51-0.98), 0.62 (0.33-1.15) in
Non-Hispanic Whites, Non-Hispanic Blacks, and
Hispanics respectively. CVD mortality HRs were
0.49 (0.29-0.81), 0.77 (0.37-1.57), and 0.17
(0.01-1.08) with all-cause mortality HRs 0.61
(0.47-0.80), 0.92 (0.63-1.35), and 1.58 (0.73-
3.62). Tests for interaction were not statistically
significant after adjustment for multiple
comparisons.

Conclusion: Regardless of racial/ethnic origin,
there are cardiovascular benefits from treating

to a SBP target of < 120 mmHg compared to
<140 mmHg.
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Systolic and Diastolic Ambulatory Blood
Pressure Affect Target Organ Damage
Differently in Adolescents: The SHIP AHOY
Study
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Hypertensive target organ damage (TOD) is
associated with increased risk for CV events.
Ambulatory BP (ABP) measures are more
strongly related to TOD than casual BP in adults
but data in youth are lacking. Our objective was
to determine which ABP parameters associated
with TOD in adolescents. We evaluated casual
BP (mean of 6 measures by auscultation), ABP
(Spacelabs OnTrak), anthropometrics, labs,
LVM, pulse wave velocity (PWV), diastolic
function (E/E’ ratio), and systolic function
(global longitudinal strain, GLS) in 132
adolescents (mean 15.8+1.4 yrs, 66% white,



57% male). Day, night and 24H SBP and DBP
index (mean/95%™ %ile for sex and height) and
loads (%readings above the 95 %ile) were
defined according to sex and height-specific
pediatric cut-points. General linear models
were used to determine independent
associations between ABP and TOD. Only
systolic ABP means and loads were associated
with LVMI and diastolic function, while both
systolic and diastolic ABP means and loads were
associated with PWV. There was a weak
association between systolic and diastolic loads
and GLS. In multiple regression analysis (full
model: demographics, age, BMI, HR, ABP,
metabolic profile, CRP) day SBP index was the
strongest predictor of LVMI (B=15.2, R? 0.4,
p=0.006) and E/E’ (B=5.2, R? 0.23, all p=0.007),
while day DBP index was the strongest
predictor of PWV (B=3.0, R? 0.37, p<0.0001).
Day DBP load was the sole independent ABP
predictor of GLS (B=0.05, R? 0.25, p=0.02). We
conclude that during adolescence, systolic and
diastolic ABP parameters are differentially
associated with TOD: SBP predicted LVMI, while
DBP predicted PWV. ABP parameters may be
used to evaluate risk for BP-related TOD.
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Prevention of Glomerular Hyperfiltration by
Enhancement of Tubuloglomerular Feedback
Response Induces Hypertension and
Exacerbates Diabetic Kidney Injury
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The mechanism underlying the higher
prevalence of hypertension in diabetes remains
unclear. We hypothesized that blunted
tubuloglomerular feedback (TGF) mediated by
the neuronal nitric oxide synthesis (NOS1) B in
the macula densa promotes glomerular
hyperfiltration in diabetes, whereas inadequate
NOS1B in the macula densa restricts glomerular
hyperfiltration, induces hypertension and
exacerbates diabetic kidney injury. First, we
measured the protein levels of NOS1p in the
renal cortex, which was 6.5+1.2 fold higher in
db/db mice than in db/+ mice (n=5, p<0.01).
Then, in isolated and perfused juxtaglomerular
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apparatus, we measured TGF-induced NO
generation by the macula densa, which was
115.4+9.8 Units/min in db/+ mice and
161.5%12.7 Units/min in db/db mice (n=5,
p<0.01). We next measured TGF in vivo using
micropuncture, which was 3.7£0.4 mmHg in
db/db mice and 5.3+0.3 mmHg in db/+ mice
(n=5, p<0.05). Then we developed a macula
densa specific NOS1 knockout db/db mouse line
(KO) (Leprd®/dd; NKCC2¢"¢; NOS1lox/flox),
Littermate db/db (Lepr®/¢®; NOS1fox/flox) and
db/+ (Lepr®/*; NOS1%o¥/flX) mice serve as
diabetic and non-diabetic controls. Glomerular
filtration rate (GFR) was 236+18 pl/min in db/+
mice, and significantly increased to 37512 and
284+11 pl/min in the db/db and KO mice (n=4-
5, p<0.01). Telemetric mean arterial pressure
(MAP) was 97.1+3.5 and 103.6%5.2 mmHg in
db/+ and db/db mice, and significantly raised to
124.4+8.1 mmHg in the KO mice (n=4-5,
p<0.01). Proteinuria increased by 70 and 120
folds in the db/db and KO mice compared with
db/+ mice (n=4, p<0.01). The kidney histology
was assessed with light and transmission
electron microscopy in the mice at age of 24
weeks. The diabetic kidney injury score was
0.37£0.16 in the db/+ mice, and significantly
increased to 1.1440.2 and 2.370.67 in the
db/db and KO mice (n=5, p<0.01). In conclusion,
upregulation of the macula densa NOS1 blunts
TGF response and promotes elevation of GFR in
diabetes. Contrary to popular belief about
glomerular hyperfiltration in diabetes, our data
suggest that directly limiting the increase in GFR
by enhancement of TGF response is
detrimental, which induces hypertension and
exacerbates diabetic kidney injury.
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TLR4 Antagonism Prevents Early Left
Ventricular Hypertrophy and Dysfunction
Associated With Neonatal Hyperoxia Exposure
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OBIJECTIVE: Preterm birth is associated with
proinflammatory conditions early in life. Our lab
has shown in rats that transient neonatal
exposure to high O,, an established model of
prematurity-related conditions, leads to early
CV inflammation and remodeling. TLR4 signaling
is a critical link between inflammation and the
pathogenesis of CVD. Whether programmed
innate immune activation, via TLR4 signaling,
impacts long term CVD is unknown. In our rat
model of prematurity we investigated whether
neonatal TLR4 antagonism will prevent the
development of CV dysfunction. METHODS:
Male Sprague-Dawley pups were kept with their
mother in 80% O, or room-air from day (P)3 to
10 of life. At P10, cardiac TLR4 protein
expression was assessed. In other experiments,
pups were treated i.p. with TLR4 antagonist
LPSRS (100 ug/kg) or vehicle (0.9% NaCl) at P3,
P6 and P9 (concomitant to O, exposure; n=6-
9/group, max 3 animals/group/liter). At 4, 7 and
12 wks, body weights were measured and left
ventricular (LV) echocardiography was
performed under isoflurane using VEVO 3100
(VisualSonics). At 12 wks, central mean BP was
measured under isoflurane by catheterism
(BIOPAC, n=4-6). Comparisons were made using
T-test or one-way ANOVA. RESULTS: At P10,
cardiac TLR4 protein expression was increased



~2 fold in O,-exposed pups compared to room-
air controls (P<0.05). At 4 wks, body weight in
vehicle- or LPSRS-treated O,-exposed animals
(10142 g and 106+2 g) was lower compared to
room-air vehicles (11742 g, P<0.01). Compared
to room-air vehicles, vehicle- but not LPSRS-
treated O,-exposed animals exhibited increased
LV mass index (3.8+0.1 and 3.4+0.1 vs 3.3+0.1
mg/g, P<0.05 for O,-exposed vehicles vs
controls), reduced ejection fraction (7442 and
7942 vs 82+1 %, P<0.05) and fractional
shortening (43+2 and 48+2 vs 5212 %, P<0.01),
reduced cardiac output index (0.43+0.02 and
0.48+0.02 vs 0.56+0.03 ml/min/g, P<0.01), and
decreased mitral E/A ratio (1.3+0.1 and 1.740.1
vs 1.7+0.1 mg/g, P<0.01). Findings were similar
at 7 and 12 wks. At 12 wks, mean BP was higher
in vehicle- but not LPSRS-treated O;-exposed
animals, compared to controls (95+4 and 89+4
vs 814 mmHg, P<0.05). CONCLUSION: TLR4
antagonism prevents BP rise and LV
hypertrophy and dysfunction associated to
neonatal exposure to hyperoxia.

Disclosures:M. Mian: None. Y. He: None. R.
Fernandes: None. M. Bertagnolli: None. A.
Cloutier: None. T. Luu: None. A. Nuyt: None.

Funding: No
Funding Component:

051

Influence of Sex and Obesity on the Effect of
Preterm Birth on the Renin-angiotensin System
in Adolescents
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Background:

Preterm birth increases the risk of
cardiovascular disease, but the underlying
mechanisms are not known. Prematurity may
induce programming effects that differentially
influence the renin-angiotensin (Ang) system
(RAS), particularly suppression of the beneficial
Ang-(1-7) axis. Patient factors such as sex and
obesity may influence the degree of RAS
programming. Therefore, we hypothesize that
preterm birth is associated with alterations in
the RAS in adolescence in a sex and adiposity-
dependent manner.

Methods:

We evaluated a cohort of 175 adolescents born
preterm and 51 term controls at age 14 years.
We recorded systolic and diastolic BP z-scores,
measured Ang Il and Ang-(1-7) levels in plasma
and urine, and calculated the peptide ratios. We
applied generalized linear models to estimate
the association between preterm birth and the
RAS, adjusting for race, socioeconomic status,
and maternal hypertension and smoking; the
models were stratified by sex and
overweight/obesity (body mass index >85™" %ile
for age and sex).

Results:

Mean systolic and diastolic BP z-scores were
higher among those born preterm (p<0.001 and
p=0.03, respectively). Relative to term birth,
preterm birth was associated with an increased
plasma ratio of Ang Il to Ang-(1-7) (6: 4.42, 95%
Cl 1.52 to 7.32), decreased Ang Il (8: -5.16
pmol/L, -10.28 to -0.04), decreased Ang-(1-7)
(B:-5.38 pmol/L, -8.66 to -2.09), and a
decreased urinary ratio of Ang Il to Ang-(1-7) (6:
-0.13, -0.26 to -0.003). In stratified analyses,
female sex (8: -7.14 pmol/L, -11.03 to -3.24) and
overweight/obesity (8: -8.21 pmol/L, -12.51 to -
3.91) were associated with greater reductions in
plasma Ang-(1-7). Overweight/obesity was
associated with a greater increase in the ratio of
plasma Ang Il to Ang-(1-7) (8: +6.13, 0.58 to
11.68).

Conclusions:



Circulating Ang-(1-7) was lower relative to Ang Il
in adolescents born preterm. This suggests fetal
RAS programming may contribute to the
increased risk of cardiovascular disease in those
born preterm. We note an important influence
of sex in that the decrease in Ang-(1-7) is
intensified in girls. Moreover, obesity may
confer a second physiologic insult through a
higher Ang II/Ang-(1-7) that exacerbates the risk
of cardiovascular disease, including
hypertension.
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Chronic Angiotensin Type 2 Receptor
Stimulation Abolishes the Sex-difference in
Ang ll-induced Hypertension
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Arterial pressure is age and sex dependent. The
angiotensin type 2 receptor (AT,R) plays a
greater role in the regulation of arterial
pressure and renal function in adult females
than age-matched males and aging females. In
the present study, we investigated the effect of
chronic AT;R stimulation using the AT,R agonist,
compound 21 (C21), to attenuate the
hypertensive effects of Angll. Mean arterial
pressure (MAP) was measured via
radiotelemetry in 14 week old male and female
mice treated with vehicle, Angll (36 pg/kg/hr),
C21 (18 pg/kg/hr), Angll+C21 or Angll+C21 plus
PD123319 (ATR antagonist; 125 pg/kg/hr) for
21 days. At the end of the treatment, renal
excretory function, angiotensin receptor
expression and sodium transporter profiles
were assessed. In agreement with previous
studies, the pressor response to Angll was
greater in male than female mice (3543 vs 2014
mmHg respectively, P<0.05). There was no
effect of C21 treatment alone on MAP nor did
C21 alter the pressor response to Angll in
females. However, in males, C21 blunted the
pressor response to Angll such that MAP was
similar between Angll+C21 males, Angll females
and Angll+C21 females (1842, 2014 and 174
mmHg on day 21, respectively). Co-infusion of



PD123319 restored the normal pressor
response to Angll in males. Conversely, in
females, treatment with Angll+PD123319 or
Angll+C21+PD123319 enhanced the pressor
response to Angll by ~20 mmHg, to a level seen
in Angll males. The renal AT,R/AT:R ratio was
greater in female than male mice and was not
affected by treatment. Vehicle treated females
had lower proximal versus distal Na+
transporter abundance than males. Angll-
treatment increased NCC in both sexes, while
proximal and loop transporters (NHE, NHE3-P,
NaPi2 and NKCC2) decreased in males only.
Treatment with C21 alone did not significantly
affect sodium transporters. In males,
Angll+C21treatment increased distal
transporters and this effect was reversed by
PD123319. Conversely, in females, C21 blunted
the Angll effect on sodium transporters
(claudin-2, NKCC-P, NCC-P and ENaC). Our novel
data demonstrate that chronic AT;R stimulation
attenuates Angll-induced hypertension in adult
males, but not females. Thus, AT,R agonists
may be a novel antihypertensive therapy for
males and ageing females.
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Urinary Extracellular Messenger RNA
Transcripts as Biomarkers of Mineralocorticoid
Receptor Activity
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Objectives: Mineralocorticoid receptor (MR)
activation regulates sodium homeostasis &
blood pressure. Our objective was to identify a
non-invasive biomarker of MR activation in
humans.

Background: MR is a ligand-activated
transcription factor that alters expression of
target genes in the distal renal tubule, as shown
in cell & animal models. Renal tubular cells
secrete extracellular vesicles which carry RNA
into urine. Whether human urinary extracellular
mRNA reflects changes in gene expression in
the renal tubule & thus might provide insight
into MR activation is unknown.

Methods: Pre-hypertensive participants
consumed a low-sodium diet followed by
sodium loading. We designed gPCR assays for
MR gene targets & control genes not expected
to respond to MR activation. Using samples
collected during low-sodium diet & after
sodium infusion, we assayed plasma renin
activity (PRA), serum aldosterone, urinary
sodium & urinary MR-responsive & control
extracellular mRNA.

Results: Eighteen participants’ low-sodium & 17
participants’ sodium-loaded urine samples were
available. PRA & serum aldosterone were higher
(P<0.001) & urinary sodium excretion was lower
(P<0.001) during low-sodium diet. Four of 14
target gene qPCR assays (29%) changed after
sodium loading, including assays for SCNN1A,
SCNN1G & TSC22D3 (P=0.006 to 0.01), whereas
an assay for SGK1 approached significance
(P=0.07). In contrast, only 1 out of 10 control
gene assays (for NR3C2, encoding MR itself) was
significantly different after sodium loading
(P=0.003). Log serum aldosterone inversely
associated with C; values for 7 of 14 target gene
assays (including assays for SCNN1A, SCNN1G,
SGK1 & TSC22D3 [r=-0.46 to -0.52, P=0.003 to



0.048]) & for control gene assays for NR3C2 &
UMOD. C; values for 6 of 14 target gene qPCR
assays associated with log urinary
sodium/creatinine ratio including assays for
SCNN1A, SCNN1G, SGK1 & TSC22D3 associated
with log urinary sodium/creatinine ratio ([r=
0.36 to 0.52, P=0.003 to 0.048]) but not with
control gene assays.

Conclusions: Perturbations in human endocrine
physiology can be detected as changes in
urinary extracellular mRNA. Our findings
suggest a new strategy to screen for
mineralocorticoid excess & to assess
pharmacologic or dietary changes in MR
activity.
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Visinin Like Protein 1 Regulation of
Aldosterone Biosynthesis
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Visinin-Like Protein-1(Vsnl1) is a member of the
EF-hand calcium sensor proteins. Its mRNA was
found to be upregulated in aldosterone-
producing adenomas and to be expressed in the
zona glomerulosa (ZG) of the rat and human
adrenal. We studied the expression pattern of
Vsnll and its co-localization with the CYP11B2
enzyme and ZG marker DIkl (ZOG) using double
and triple immunofluorescence in adrenal
glands of rats on normal, high and low sodium
diets and the effect of Vsnl1 on calcium
mobilization and aldosterone biosynthesis in
the human adrenocarcinoma cell line, the
HAC15 cell. In rat adrenals, Vsnl1l was expressed
only in ZG, in the same cells as DIk1, in both
functional and undifferentiated ZG cells.
CYP11B2 co-localized with Vsnll in nearly all ZG
cells of rats on a low sodium diet. Co-expression
of CYP11B2 with Vsnl1 in adrenals of rats on
normal and high sodium diets was significantly
less. HAC15 were transduced with a lentivirus
carrying Vsnll or an empty virus. Three days
later cells were incubated with vehicle, A-ll 10



nM, Forskolin 10uM, or potassium 16 mM.
Aldosterone and cortisol were measured after
24 hr. Basal secretion of aldosterone was not
increased; cortisol was. Aldosterone and
cortisol secretion were greater after A-ll,
forskolin or potassium stimulation in cells
overexpressing Vsnll. Intracellular calcium
measured by Fluo-4 AM dye and proliferation
were increased by Vsnll overexpression. HAC15
cells were transduced with 2 different shRNA
for Vsnll1. Aldosterone synthesis was reduced in
HAC15 cells transduced with the shRNA for
Vsnll stimulated with A-Il. Vsnl1 has a
myristoylation consensus sequence at the N-
terminal domain. Site directed mutagenesis of
Vsnll at the 2 position (G2A) resulted in a
significant decrease in the aldosterone response
to A-ll. In summary, the calcium sensor protein
Vsnll is ZG specific and detected in both
steroidogenically active and inactive cells, as
well as undifferentiated cells in the subcapsular
area of the rat adrenal. Vsnll expression and
activity in HAC15 cell correlate positively with
calcium mobilization, proliferation and
aldosterone synthesis.
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Systemic Effect of Renal 11B-HSD2 Deficiency
on Blood Pressure Regulation
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Background:

Renal mechanism of 11B-HSD2 deficiency for
developing hypertension is to be evaluated
because vascular mechanism associated with
sympathetic nervous activity was prevailing in
global Hsd11b2 knockout (KO) mice although
brain-specific KO mice needed high salt intake
to develop hypertension. We have
demonstrated the importance of renal 11B-
HSD2 deficiency on developing hypertension by
using kidney-specific Hsd11b2 knockout
(Hsd11b2%P7-; KS-KO) mice (Hypertension, in
press) and have continued the analysis of the
systemic effect of renal 11B3-HSD2 deficiency.
Method:

Blood pressure (BP) and heart rate (HR) was
measured by using 24h telemetry. Amiloride (25
mg/L) and hydrochlorothiazide (HCTZ, 300
mg/L) were administered through drinking
water. Pellet containing MR antagonist
spironolactone (MRA; 50 mg/KgBW/day) was
administered subcutaneously. Corticosterone
concentration was determined by ELISA. Data
are presented as mean+SE.

Result:

Systolic and diastolic BPs of KS-KO mice were
significantly higher, although the HR was lower,
than those of WT mice: SBP, 142.4+1.0 vs
122.4+0.8 mmHg; DBP, 103.9£0.8 vs 94.41+0.8
mmHg; HR, 492.5+2.7 vs 555.4+2.4 (n=7). Mean
BP was decreased to the level of WT mice by
reducing dietary sodium content from 0.3 % to
0.01 %. Plasma [K*] was significantly lower in
KS-KO mice: 2.9+0.2 vs 4.2+0.2 mEq/L (n=5).
Renal membrane expressions of NCC, T53-
phosphorylated NCC (pNCC), cleaved ENaCa
and full-length ENaCa were upregulated in KS-



KO mice. Correction of plasma [K*] of KS-KO
mice by using high KCl diet or amiloride
downregulated the renal membrane expression
of pNCC and decreased the MBP to the level of
WT mice as well as chronic HCTZ-treated KS-KO
mice. Subcutaneous administration of MRA
decreased MBP of KS-KO mice and the renal
membrane expressions of pNCC and cleaved
ENaCa. Diurnal variation of plasma
corticosterone concentration was diminished in
KS-KO mice and the urinary excretion of
corticosterone was higher compared to that in
WT mice.

Conclusion: Renal 11B-HSD2 deficiency is
sufficient in developing hypertension via MR
activation induced by excessive corticosterone,
the systemic effect of which are also suggested.
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Differential Roles of GRK2 and GRKS5 in Cardiac
Aldosterone Signaling Suggest GRK5-Mediated
Cardio-protection Against Mineralocorticoids
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Background: Aldosterone (Aldo) contributes
significantly to the morbidity & mortality of
heart failure (HF). In the heart, Aldo binds the
mineralocorticoid receptor (MR) to exert
damaging effects, e.g. fibrosis, apoptosis,

oxidative stress, etc. Additionally, Aldo can
activate the G protein-coupled estrogen
receptor (GPER), which may have beneficial,
anti-apoptotic effects for cardiomyocytes, e.g.
in ischemia/reperfusion injury. GRK2 and GRK5
are the most abundant G protein-coupled
receptor (GPCR)-kinases (GRKs) in the heart and
both phosphorylate GPCRs but also non-GPCR
substrates. The human MR is known to undergo
inhibitory phosphorylation at Ser-843, inside its
ligand binding domain, which blocks its
transcriptional activity. Hypothesis: In the heart,
GRKS5 phosphorylates and inhibits the MR,
whereas GRK2 phosphorylates and desensitizes
GPER.

Methods: We used the cardiomyocyte cell line
H9c2 and isolated adult rat ventricular
myocytes (ARVMs). We performed co-
immunoprecipitation experiments for GRK
interactions with MR or GPER. We measured
MR phosphorylation via immunoblotting and
MR transcriptional activity via the luciferase
reporter assay. We also measured apoptosis
and oxidative stress in ARVMs.

Results: GRK5, but not GRK2, phosphorylates
the MR in H9c2 cardiomyocytes. Beta,-
adrenoceptor activation stimulates this non-
canonical effect of GRK5. In contrast, GRK2, but
not GRK5, phosphorylates and desensitizes
agonist-activated GPER. The GRK5-
phosphorylated MR is incapable of activating
gene transcription, since MR transcriptional
activity is markedly suppressed upon GRK5
overexpression. Conversely, CRISPR-mediated
GRKS5 gene deletion augments cardiac MR
transcriptional activity. Importantly, GRK5 is
necessary for the protective effects of the MR
antagonist drug eplerenone against Aldo-
induced apoptosis/oxidative stress in ARVMs.
Finally, beta,-adrenoceptor-stimulated GRK5
phosphorylates and inhibits the MR in ARVMs.
Conclusions: GRK5 blocks the cardio-toxic MR-
dependent effects of Aldo in the heart, whereas
GRK2 may hinder GPER’s cardio-protective
effects. Thus, cardiac GRK5 stimulation (e.g. via



beta,-adrenoceptor activation) enhances the
cardio-protection exerted by Aldo inhibitors in
HF.
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Background. Primary aldosteronism (PA) affects
~10% of hypertensive patients and has
unilateral and bilateral forms (30%:70%).
Unilateral PA is caused by aldosterone-
producing adenomas (APA), which express
CYP11B2 (aldosterone synthase) and frequently
harbor somatic mutations in aldosterone
regulating genes (KCNJ5>>CACNA1D). We
recently demonstrated that adrenals from
normotensive patients present with pockets of
cell expressing aldosterone synthase (CYP11B2).
These aldosterone-producing foci (APF) have
somatic gene mutations similar to those found
in APA (CACNA1D>>KCNJ5). Bilateral PA, which
is typically treated by mineralocorticoid
receptor (MR) blockade rather than surgery, is

termed idiopathic hyperaldosteronism (IHA). Its
pathobiology is largely unknown but has been
thought to be due to zona glomerulosa (ZG)
hyperplasia. Methods. We studied 11 IHA
patients (7 males, 4 females) who had unilateral
adrenalectomy. Immunohistochemistry for
CYP11B2 and next generation sequencing (NGS)
targeting genes found in APA were performed
on formalin fixed paraffin embedded adrenal
tissue. Results were compared to previously
described cohorts of 53 age-matched
normotensive patients (29 males, 24 females)
which were evaluated similarly. Results.
CYP11B2 expression was absent from
intervening ZG cells in 8/11 (73%) IHA adrenals,
but all adrenals harbored at least one APF. The
median number and size of APF per case were
significantly larger in IHA than normotensive
controls (6.1 vs 0 APF/cm? of adrenal cortex and
0.25 vs. 0.16 mm?, respectively; p<0.0001 and
p<0.006). In this IHA cohort, NGS identified
CACNA1D and KCNJ5 somatic mutations in
44/71 (62%) and 1/71 (1%) of APF, respectively.
Interpretations. Diffuse CYP11B2 expression in
adrenal ZG cells was only observed in 3/11 IHA
cases, arguing against ZG hyperplasia as the
major underlying pathobiology. Rather, we
demonstrated increased and enlarged APF in
IHA adrenals compared to normotensive
controls, supporting potential contribution to
the clinical manifestations of
hyperaldosteronism. The frequent occurrence
of aldosterone-dysregulating CACNA1D somatic
mutations in APF support CACNA1D as a
potential therapeutic target in IHA to
complement current MR blockade approaches.
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Deoxycorticosterone-induced Hypertension
Caused by Fluconazole
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Deoxycorticosterone (DOC), a steroid precursor
of aldosterone, constitutes an endogenous
mineralocorticoid receptor agonist. Exogenous
DOC produces a well-established animal model
of mineralocorticoid-induced salt-dependent
hypertension (HTN), but, except for rare cases
of congenital adrenal hyperplasia with pediatric
HTN due to CYP1161 (118 hydroxylase,
P450c118) deficiency, DOC is rarely considered
a cause of clinical hypertension (HTN). We
recently suspected DOC as the novel
mechanism of severe low-renin HTN (blood
pressure, BP 220/150 mmHg, plasma renin
activity 0.21 ng/mL/hour) that developed de
novo in a 47- year old African American man
with previously normal BP (118/74) during
treatment of disseminated coccidiodomycosis
with high-dose fluconazole, which blocks P450
enzymes in the fungal cell wall. To determine if
the fluconazole also inhibited human CYP11B1,
the adrenal P450 enzyme that converts DOC to
corticosterone, we performed a comprehensive

adrenal steroid panel on the patient’s serum
using mass spectrometry. During the HTN, his
serum [DOC] was 24-times the upper limit of
normal (354 vs. <15 ng/dL), while
corticosterone was low and aldosterone was
undetectable. Both the HTN and the high DOC
were caused by fluconazole, because they
normalized after treatment ended. We then
proved that fluconazole causes dose-dependent
inhibition of CYP11PB1 in vitro by transfecting a
mammalian (hamster V79) cell line with human
CYP11B1 and incubating the cells with DOC. The
observed IC50—10 uM— is certainly less than
the plasma [fluconazole] during oral high-dose
therapy. From these data, we conclude that
high-dose fluconazole inhibits DOC conversion
by human CYP11B1, causing in this adult patient
an acquired form of severe DOC-induced HTN.
Given the recent 10-fold increase in
coccidiodomycosis cases in the United States
and the marked propensity for disseminated
disease in African American patients, BP should
be monitored carefully during treatment with
high-dose fluconazole. Additional case finding
studies are warranted.
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miR-29 is Required for Normal Endothelium-
dependent Vasodilation and Protects Against
Hypertension
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MicroRNA miR-29 is down-regulated in Dahl
salt-sensitive (SS) rats compared to salt-
insensitive SS-138N rats. We investigated the
role of miR-29 in endothelial function and the
development of hypertension. Using TALENs
(Transcriptional Activator-Like Effector
Nucleases) we deleted 4 nucleotides from
Mir29b-1 gene in SS-138N rats. The targeted
mutation resulted in reduced abundance of
miR-29b-3p and the co-transcribed miR-29a-3p
in arteriolar endothelial cells. When stimulated
with acetylcholine to induce endothelium-
dependent vasodilation (EDVD), gluteal
arterioles from Mir29b-17" rats were only able
to dilate to an average 47% of maximum
diameter while wild-type littermates dilated to
77% (N=7 and 9, respectively, p<0.05). The
development of hypertension was significantly
exacerbated in Mir29b-17- compared to Mir29b-
1*/* littermates. Mean arterial blood pressure
was 129 + 2 mmHg in Mir29b-1** rats after 2
weeks of 4% NaCl diet and 140 £ 5 mmHg in
Mir29b-17rats (N=6, 10, respectively, p<0.05).
Gluteal arterioles from Mir29b-17 rats exhibited
significantly reduced nitric oxide (NO) levels
compared to Mir29b-1** littermates as
measured by DAF2-DA intensity (N=6, 11,
respectively). Mutation of the Mir29b-1 gene
resulted in preferential differential expression
of genes in arterioles related to the regulation
of NO levels including Lyplal. Lyplal is a direct
target of miR-29 and could abrogate the effect
of miR-29 in promoting NO production.
Reduction of LYPLA1 by transfection of pre-miR-
29b or a Lyplal siRNA resulted in a significant
increase in NO as measured by DAF2-DA in
cultured human dermal microvascular
endothelial cells. Taken together, we have
shown that targeted mutation of Mir29b-1
reduces EDVD and exacerbates the
development of hypertension. We have
identified a mechanism by which miR-29 affects

NO production. These findings indicate miR-29
is required for normal endothelial function in
rats and has therapeutic potential for
hypertension.
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Role of Mir-214 in the Regulation of
Perivascular Fibrosis in Angiotensin Il Induced
Hypertension
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Objective: Hypertension (HT) is associated with
perivascular inflammation and increased
vascular fibrosis. MicroRNAs (miR) are a novel
gene expression regulation mechanism and play
a pivotal role in a range of pathological
processes. The role and mechanism of miR214
in vascular fibrosis is unknown. Methods: 3-
month-old C57BL/6, miR214KO and wild-type
littermates were treated with angiotensin Il
(Angll, 490ng/kg/min; n=6-10) or control buffer
for 14 days. PVATs from C57BL/6 animals were
analysed using



TagMan_Rodent_microRNA_Arrays.
Histological studies, wire myography, lucigenin-
enhanced luminometry and cytometrical
analysis was conducted, followed by statistical
analysis with ANOVA or t-test. Data are
expressed as a mean+SEM. Results: Out of 381
miRs, 16 were significantly overexpressed in
C57BL/6 Angll animals, with only miR214
showing 8-fold induction (p<0.01) after
Bonferroni correction. Also, 3-fold elevation of
pri-miR-214 was observed. Interestingly,
hydralazine treatment prevented both these
changes (p<0.01). Angll infusion in miR214 KO
animals did not alter blood pressure when
compared to WT mice. Mir214 KOs exhibited
diminished peri-aortic fibrosis (4477942491 vs
78805+8696um, p<0.01), upon Angll
hypertension. This was associated with a
significantly reduced induction of COL1A1,
COL3A1 and TGFB1 mRNA expression in PVAT
and aortas (p<0.05). Vascular studies revealed
improved endothelial function (69+10 vs.
22+4%, p<0.01), protection against oxidative
stress (66+7 vs 118+19 RLU/sec/mg, p<0.001)
and NOX2 mRNA expression (1.9+0.2 vs1.1+0.1,
p<0.05) in Angll miR-214-KO aortas, while these
parameters were not altered in mesenteric
arteries. Recruitment of T cells into aortic PVAT
was abolished in KO HT animals in comparison
to control group (192165 vs. 6031164 cell/mg;
p<0.05). Angll HT was associated with 4-fold
increase of miR-214 expression in the
circulating peripheral blood T cells and 2-fold in
the spleen. Moreover, Angll infusion increased
TNFa mRNA expression in WT T cells (1+0.1 vs
1.610, p<0.01) whereas this effect was not seen
in miR214 KO T cells (0.940.3 vs 0.9+0.1).
Conclusions: MiR-214 plays a major role in
modulation of aortic fibrosis, vascular function,
oxidative stress and perivascular inflammation.
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Loss of Lymphocyte Adaptor Protein LNK
Promotes Acute Aortic Dissection
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Background: Acute aortic dissection (AD) is a
life-threatening vascular disease associated
with an inflammatory response. A
polymorphism in the gene SH2B3 that encodes
LNK has been associated with several
cardiovascular and autoimmune diseases in
humans. LNK is an adaptor protein expressed in
hematopoietic and endothelial cells that serves
as a brake to cellular proliferation and cytokine
production. We hypothesize that loss of LNK
promotes AD through an exacerbation of the
acute immune response.

Methods: Angiotensin Il (Ang II) was infused for
3 or 14 days into wild type (WT) and LNK”" mice.
Kaplan-Meier survival curves were generated.
After 3 days, the aortic remodeling was
accessed by standard histological staining
methods and microscopy. The aortic
inflammation was characterized by flow
cytometry and immunohistochemistry.

Results: Ang Il infusion induces a rapid and
drastic mortality in LNK7" mice compared to WT
mice (66% vs 8%, P<0.001). Necropsies revealed
that deaths are due to the development of AD
or rupture, localized primarily in the abdominal
aorta. Interestingly, during the phase that



precedes AD development (day 3 of Ang Il
infusion), the aortas of LNK”" mice show
significant remodeling with more elastin
fragmentation than WT mice (10.5 vs 4.6
breaks, P<0.01) and less adventitial collagen
deposition (3.3 vs 4.6 x10* um?, P=0.057).
Strikingly, collagen qualitative analysis reveals
thinner collagen fibers and several areas of
disruption and disorganization in the aorta of
LNK”* mice prior to AD development. In parallel,
the aorta of LNK7" mice show an increase in the
number of neutrophils and macrophages but
not in T cells compared to WT mice.
Conclusion: In our model, LNK seems to play a
key role in maintaining the aortic wall integrity.
Loss of LNK promotes acute inflammation and
matrix degradation, leading to the development
of AD. Targeting LNK could be a potential
therapeutic strategy for the management of
aortic dissection.
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Vascular Dysfunction and Hypertension are
Prevented by a Novel PPARy Target Gene,
RhoBTB1
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RhoBTB1 is a novel peroxisome proliferator-
activated receptor gamma (PPARYy) target gene

expressed in smooth muscle cells (SMC) which
may mediate some of the vascular protective
and antihypertensive benefits of PPARy. Here,
we tested the hypothesis that RhoBTB1 can
prevent angiotensin Il (ANG)-induced
hypertension. RhoBTB1 expression in aorta
from C57BL/6 mice was decreased by 54+9%
(n=16) in response to ANG infusion (490
ng/min/kg, 2 weeks). To test if RhoBTB1
expression is protective, we generated double
transgenic mice with tamoxifen-inducible, Cre-
dependent overexpression of RhoBTB1
specifically in SMC (S-RhoBTB1). S-RhoBTB1 and
non-transgenic (NT) mice were treated with
tamoxifen (Tx; 75 mg/kg, ip, 5 days) or vehicle
(corn oil) and then ANG was infused. Although
RhoBTB1 expression was decreased in ANG-
infused control mice (p<0.01, n=8-10), RhoBTB1
expression in Tx-treated S-RhoBTB1 mice
infused with ANG was restored to a level similar
to NT treated with saline (n=11).
Overexpression of RhoBTB1 did not alter
baseline blood pressure (BP) in the absence of
ANG (n=7-8). However, the increase in BP
induced by ANG was significantly attenuated by
RhoBTB1 restoration in S-RhoBTB1 mice with Tx
compared to ANG-infused control mice (either
NT with Tx, NT with corn oil, or S-RhoBTB1 with
corn oil) in which RhoBTB1 was not restored
(Systolic BP, 15945 in control mice vs 132+6
mmHg in S-RhoBTB1 mice with Tx, p<0.01, n=7-
8). We also observed increased heart weight in
ANG-infused control mice, which was prevented
in S-RhoBTB1 mice treated with Tx (p<0.05,
n=8). Thoracic aorta and basilar artery from
ANG-infused control mice exhibited impaired
acetylcholine-induced endothelial-dependent
relaxation (Aorta, 48+2%, p<0.01, n=6-8), which
was prevented by restoration of RhoBTB1 in
SMC (Aorta, 76+5%, p<0.01, n=6-8). Thoracic
aorta from ANG-infused control mice also
displayed decreased sodium nitroprusside-
induced endothelial-independent relaxation
with a right-shifted dose-response (76+9%,
p<0.01, n=8), which was also prevented in



tamoxifen-treated S-RhoBTB1 mice (95+10%,
p<0.01, n=8). We conclude that the novel
PPARYy target gene, RhoBTB1, functions in SMC
to specifically facilitate vasodilation and
mediates a protective anti-hypertensive effect.

Disclosures:M. Mukohda: None. S.C.
Ibeawuchi: None. C. Hu: None. K. Lu: None.
A.R. Nair: B. Research Grant (includes principal
investigator, collaborator, or consultant and
pending grants as well as grants already
received); Significant; AHA SFRN. L.N. Agbor:
None. J. Wu: None. F.W. Quelle: None. C.D.
Sigmund: B. Research Grant (includes principal
investigator, collaborator, or consultant and
pending grants as well as grants already
received); Significant; NIH and AHA.

Funding: Yes

Funding Component: Midwest Affiliate (lllinois,
Indiana, lowa, Kansas, Michigan, Minnesota,
Missouri, Nebraska, North Dakota, South
Dakota & Wisconsin)

063

Mechanical Stretch on Endothelial Cells
Promotes Monocyte Activation and
Differentiation into Immunogenic Dendritic
Cells via STAT3

PrimaryAuthor.AuthorBlock:Roxana Loperena,
Hana A Itani, Jose A Gomez, Noah Engel, Annet
Kirabo, David G Harrison, Vanderbilt Univ,
Nashville, TN

Mechanical stretch activates the endothelium
to produce reactive oxygen species and
expression of adhesion molecules and
cytokines. Human monocytes that traverse the
endothelium differentiate into dendritic cells
(DCs) upon exposure to a pro-inflammatory
state. We hypothesized that human endothelial
cells exposed to mechanical stretch will
promote conversion of human monocytes into

activated DCs. We co-cultured human aortic
endothelial cells (HAECs) with monocytes from
normotensive human donors and exposed the
endothelial cells to either normal (5%) or
hypertensive (10%) uniaxial cyclical stretch for
48 hours. Co-culturing monocytes with HAECs
exposed to 10% stretch showed a marked
increase in pro-inflammatory cytokines such as
IL-6, IL-23A and IL-1 compared to 5% stretch.
HAECs exposed to 10% stretch promoted
monocytes in culture to differentiate into DCs.
We have shown that DCs from hypertensive
mice accumulate isolevuglandins (IsoLGs) that
adduct to proteins and promote T cell
activation. Thus, we performed intracellular
staining and flow cytometry and found that
these monocytes significantly accumulate
higher levels of IsoLG-adducted proteins
compared to 5% stretch (69.7 + 5.8 vs 10.8
1.85, respectively). In addition, monocytes co-
cultured with endothelial cells exposed to 10%
stretch expressed phosphorylated STAT3
(pSTAT3), which was blocked by stattic, a STAT3
inhibitor. Similarly, monocytes co-cultured with
HAECs exposed to 10% stretch induced a 1,500-
fold and a 1,300-fold increase in CD4*and CD8*
T cell proliferation; while, inhibition of STAT3
prevented this T cell proliferation. To test if this
is due to cell-cell contact, we seeded monocytes
in a transwell with endothelial cells exposed to
either 5% or 10% stretch. We found that these
monocytes expressed DC markers, pSTAT3, and
accumulated IsoLG-peptides when exposed to
hypertensive mechanical stretch. In addition,
angiotensin Il (490ng/kg/min) infusion of
C57BI/6 mice increased pSTAT3 in monocytes,
macrophages, and DCs in the renal and vascular
tissue compared to sham controls. Thus, our
data indicate that endothelial cells exposed to
mechanical stretch cross-talk with monocytes to
promote differentiation into DCs known to be
immunogenic via STAT3.
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Transactivation of Egfr by Tgfp Induces
Hypertension by Increasing Arteriolar
Myogenic Response
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Emilinl (E1) is a protein of the extracellular
matrix regulating TGFB bioavailability through
proTGFp proteolysis. E1 KO mice are
hypertensive with increased TGF activation. As
E1l is expressed in vessels from embryonic life to
adulthood, is still unknown whether the E1 KO
phenotype results from a developmental defect
or lack of homeostatic role in the adult. To
dissect this issue, we used a conditional gene
targeting inactivating E1 in smooth muscle cells
(SMCs) of adult mice, by the use of E1flox/flox
and tamoxifen (TAM) inducible Cre
recombinase specific for SMCs. When E1fl/fl
mice carrying the Smmhc-CreERT2 were given
TAM blood pressure significantly increased
(SBP: 12342 vs basal condition 104+3;***p<
0.001) as well as myogenic tone (MT) of
resistance arteries (16.3+0.7 vs basal condition
11.4+0.1 % at 125 mmHg). How increased TGFf3
signaling in SMCs could determine an increased
MT is still unknown. Relevant to this, we found
that the higher TGFp signaling in E1 KO SMCs
stimulates heparin binding epidermal growth

factor (HB-EGF) and subsequent transactivation
of the EGF receptor, a mechanism typically
implied in potentiating MT. When mesenteric
resistance arteries from E1 were subjected to
step-increases in intraluminal pressure, EGFR
inhibition rescued the increased MT. At the
molecular level, TGFB-induced EGFR
transactivation resulted into the activation of
transient receptor potential classical type 6
(TRPC6) and melastatin type 4 (TRPM4)
channels. To put our data into translational
perspective, we measured MT of resistance
arteries isolated from hypertensive patients and
normotensive subjects, finding increased MT
(HT 16.440.7; NT 1140.4;***p< 0.001) and TGFB
signaling in the former group. By using a
neutralizing anti-TGFp or an anti-EGFR we found
a normalization of the increased MT (HT+anti-
TGFB 11+1.3; NT+anti-TGFB 11.2+1.2;***p<
0.001 and HT+anti-EGFR 940.6; NT+anti-EGFR
10.8+1.1;***p< 0.001), thus confirming the
relevance of TGFB-EGFR pathway in humans.
Taken together these data suggest that primary
increase of MT induced by TGFB-EGFR
transactivation can cause hypertension and that
higher TGFp signaling and MT are common
alterations of resistance arteries of
hypertensive patients.
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Induction of Human Endothelin-1
Overexpression for 3 Months Causes Blood
Pressure Rise and Renal Injury
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Introduction: Endothelium-derived endothelin
(ET)-1 has been implicated in hypertension and
renal disease but the mechanisms are complex
and remain unclear. We have shown that
tamoxifen-inducible endothelium-restricted
human ET-1 overexpressing (ieET-1) mice
exhibited BP rise after 3 weeks of induction in
an ET type A receptor (ETaR)-dependent
manner, in absence of renal injury. It is
unknown whether long-term exposure to ET-1
overexpression results in sustained BP elevation
and renal injury.

Methods: Adult male ieET-1 and control
tamoxifen-inducible endothelium-restricted Cre
recombinase (ieCre) mice were treated with
tamoxifen (1 mg/kg/day, SC) for 5 days and 2.5
months later were treated or not with an ETAR
blocker, atrasentan (10 mg/kg/day, PO) for 2
weeks. Blood pressure (BP) by telemetry, renal
artery flow (RAF) by ultrasonography, immune
cell infiltration by flow cytometry, kidney injury
molecule (KIM)-1 expression by
immunofluorescence, 24h urinary albumin by
ELISA and creatinine by alkaline picrate method
were determined at the end of the study.
Results: Induction of ET-1 overexpression for 3
months resulted in greater systolic BP (1354 vs
114+2 mmHg, P<0.001) and reduced RAF
(1.740.2 vs 3+0.3 mL/min, P<0.05). ieET-1 mice
presented increased myeloid (2125545294 vs
5146%1987 CD11b" cells/kidney, P<0.001) and
myeloid-derived suppressor cells (5332+1463 vs
1126507 CD11b*Gr-1* cells/kidney, P<0.01)
renal infiltration associated with greater
frequency of CD11b* (23.2+1.8 vs 7.5+1.6 % of

CDA45" cells, P<0.001) and non-immune renal
cells (CD457, 5.740.8 vs 3.2+0.6 % of CD45" cells,
P<0.001) expressing a pro-inflammatory maker,
CD36. Early renal injury was demonstrated in
ieET-1 by increased KIM-1 expression in
proximal tubules (4.0+0.7 vs 1.0£0.2 % of renal
cortex, P<0.05) and unchanged
albumin/creatinine ratio (327174 vs 173136
pug/mg, P=0.215). Atrasentan reversed or
reduced all of the above except the decreased
RAF (P<0.05).

Conclusions: Long-term exposure to endothelial
ET-1 overexpression caused sustained BP
elevation and renal injury via ETaR.
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Regulation of Nephron Afferent Arteriole

Resistance in Obesity: Role of Insulin and
Connecting Tubule Glomerular Feedback
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Introduction: In obesity, increased glomerular
capillary pressure (Psc) may participate in renal
damage.Pgc is controlled in part by afferent
arteriolar (Af-Art) resistance that in turn is
regulated by two renal intrinsic feedback
mechanisms, the vasoconstrictor Tubulo-
Glomerular Feedback (TGF), and vasodilator
Connecting Tubule Glomerular Feedback
(CTGF). CTGF is initiated by an increase in NaCl
transport by the epithelial sodium channel
(ENaC) in the connecting tubule (CNT).
Interestingly, obesity is strongly associated with
hyperinsulinemia and insulin is a potent ENaC
activator.

Hypothesis: In obesity, hyperinsulinemia
increases CTGF via activation of the ENaC, this
increase, in turn, contributes to TGF attenuation
leading to increased Pgc and renal damage.
Methods: /n vivo: In zucker obese rats (ZOR)
and zucker lean rats (ZLR), we measured TGF
and CTGF using renal micropuncture at 9-10
weeks of age. We quantify stop-flow pressure
(Pse) as an index of Pgc. We measured
proteinuria as a marker of renal damage in both
ZOR and ZLR.

In vitro: Microdissected rabbit Af-Arts and their
adherent CNTs were perfused with NaCl, insulin
or ENaC inhibitor (Benzamil; BZ) to investigate
the role of insulin on TGF and CTGF.

Results: In-vivo: Maximal TGF response was
significantly less in ZOR (6.11 + 0.75 mmHg) in
comparison to the ZLR (9.5 + 1.1 mmHg,
p<0.05). CTGF inhibition by BZ normalized the
TGF response in ZOR similar to ZLR (ZOR,
14.01+1.70 mmHg vs ZLR, 11.46+ 2.25 mmHg)
suggesting CTGF playing a key role in TGF
resetting in ZOR. Additionally, ZOR develops
proteinuria (mg/24h) at 12 weeks of age (ZOR;
24.85+3.02 vs ZLR; 7.21+1.09, p<0.05).

In-vitro microperfusion of NaCl in the CNT that
elicited a half-maximal response (ECsp, mmol/L)
of Af-Art dilation was 25.0+0.8; an addition of
insulin 107 mol/I to the CNT lumen decreased
the ECso to 8.11£0.8 (P<0.05) suggesting insulin
potentiates CTGF. BZ blocked the insulin-

mediated CTGF (Insulin ECso: 7.84£0.9 vs.
Insulin+BZ, ECso: 19.745.5; P<0.05).
Conclusion: /n-vivo: TGF is reset in ZOR due to
enhanced CTGF before they develop
proteinuria. In-vitro: Insulin increased CTGF
during microperfusion experiments.
Perspective: Insulin-induced increased in CTGF
may explain higher Pscand renal damage in
obesity.
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Genetic Complementation Establishes That a
K572Q Mutation in Gamma-adducin Plays a
Causal Role in Renal Microvascular Dysfunction
in FHH and MNS Rats
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The Fawn-Hooded hypertensive (FHH) rat is a
genetic model of hypertension-induced renal
disease. However, the causal genes and
pathways involved are unclear. We previously
reported that the transfer of a small region in
Chr. 1 of Brown-Norway (BN) rats which
contains 15 genes, including gamma-Adducin
(Add3), into the FHH background restores renal
microvascular function and attenuates the
development of proteinuria in FHH rats. Our
further work identified a K572Q mutation in
Add3 in FHH rats as a potential candidate
variant in the pathogenesis of renal disease. The
present study examined the role of Add3 in the
impaired myogenic response of the afferent
artery (Af-art) and autoregulation of renal blood
flow (RBF) using transgenic and KO rats. RBF



increased by 21.5 £ 3.0% in SD. Add3 KO rats
(n=7) when mean arterial pressure (MAP) was
increased from 100 to 150 mmHg. In contrast,
RBF only increased by 3.5 + 0.9% in wildtype SD
rats (n=13). The diameters of the renal Af-art
decreased by 12.9 + 0.8% in SD rats when
perfusion pressure was increased from 60 to
120 mmHg, but it increased in SD.Add3 KO rats.
The myogenic response of the Af-art in FHH rats
was markedly impaired and increased by 8 £
1.2% when the pressure was increased by from
60 t0120 mmHg. The myogenic response was
restored, and the diameters of the Af-art
decreased by 12 + 0.7% and 7 + 1.0% in FHH. 18N
congenic rats (n=27) and FHH.Add3 transgenic
rats that express wt-Add3. RBF increased by
35.1 + 3.0% when MAP was increased from 100
to 150 mmHg in FHH rats (n=15) versus 7.5 +
1.7% and 6.0+ 1.3% in FHH.1® or a F1 cross of
FHH and FHH.1®" rats (n=8) and FHH.Add3
transgenic rats. The myogenic response of Af-
art and autoregulation of RBF were also
impaired in MNS rats (n=6) that carry the same
K572Q mutation in Add3 as FHH rats. These
phenotypes were complemented in a F1 cross
of FHH and MNS rats (n=7), but the myogenic
response and autoregulation of RBF were
restored in an F1 cross of FHH and FHH.1®" rats
with one copy of wt-Add3. These results
indicate that the recessive K572Q mutation of
Add3 in FHH and MNS rats plays a causal role in
renal microvascular dysfunction, which may
contribute to the development of chronic
kidney disease induced by hypertension in
these models.
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Impact of Renal Outer Medullary Potassium
Channel Inhibition on Afferent Arteriolar Tone
in Rats With Type 1 Diabetes
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The bee venom toxin tertiapin Q (TPQ) evokes
tubuloglomerular feedback-independent
afferent arteriolar constriction in kidneys from
rats with streptozotocin-induced type 1
diabetes (STZ rats). Because TPQ inhibits both
Kirl.1 and Kir3.x channels, the contribution of
Kirl.1 (renal outer medullary potassium
channel; ROMK) to afferent arteriolar tone in
diabetes remains uncertain. To test the
hypothesis that Kirl.1 exerts a tonic dilator
influence on the afferent arteriole during
diabetes, we compared afferent arteriolar
responses to the novel, small molecule Kirl.1-
selective inhibitor Compound C (CmpdC) to
those evoked by TPQ. The ex vivo blood-
perfused juxtamedullary nephron technique
was used to monitor afferent arteriolar lumen
diameter before and during exposure to TPQ (1-
100 nM) or CmpdC (10 nM-10 uM). Neither
agent altered afferent arteriolar diameter in



kidneys from normal rats. In kidneys from STZ
rats (blood glucose concentration = 465 + 12
mg/dl), baseline afferent arteriolar diameter
averaged 22.9 + 0.6 um (n = 30). Both TPQ and
CmpdC evoked concentration-dependent
arteriolar constriction, with 100 nM TPQ
decreasing diameter by 2.5+ 0.6 um (n=6; P <
0.001 vs baseline) and 100 nM CmpdC reducing
diameter by 1.7 £ 0.6 um (n = 10; P = 0.004 vs
baseline; P =0.42 vs 100 nM TPQ). During
subsequent exposure to 10 uM CmpdC,
arteriolar diameter was 2.1 + 0.8 um below
baseline. The similar effects of the Kir1.1/3.x
inhibitor TPQ and the Kirl.1-selective inhibitor
CmpdC on arteriolar diameter in kidneys from
STZ rats support the contention that Kirl.1
exerts a tonic afferent arteriolar dilator
influence during type 1 diabetes. In follow-up
studies, the NKCC inhibitor furosemide (30-300
KM) administered via the bath did not alter
afferent arteriolar diameter in kidneys from STZ
rats; however, prior exposure to furosemide
prevented the vasoconstrictor response to 100
nM CmpdC (A diameter =-0.4+ 0.3 um; n = 8)
although the response to 100 nM TPQ remained
intact (A diameter =-2.6 £ 1.3 um; n = 6). The
differential impact of furosemide pretreatment
on arteriolar responses to TPQ and CmpdC
suggests a complex interplay between the
furosemide-sensitive vascular NKCC1 and
tubular NKCC2, and the TPQ- and CmpdC-
sensitive Kirl.1 expressed in both the
vasculature and tubule.
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Increased Stretch-induced O, Production in
Dahl Salt-sensitive Rats is Mediated by TRPV4



PrimaryAuthor.AuthorBlock:Fara Saez, Nancy J
Hong, Jeffrey L Garvin, Case Western Reserve
Univ, Cleveland, OH

Medullary Oy production is elevated in Dahl
salt-sensitive (SS) when compared to Dahl salt-
resistant rats (SR), and this is one of the main
contributors to salt-sensitive hypertension in
this model. In thick ascending limbs (TALs),
flow-induced O’ is caused by elevated ion
delivery and cellular stretch. Mechanical
stimulation by cellular stretch, in turn, leads to
increases in intracellular calcium (Cai). We
hypothesized that the elevated O, production
by SS TALs is due to greater stretch-induced
increases in Cai mediated by Transient Receptor
Potential Vanilloid (TRPV4). To test our
hypothesis, we measured O, and Cai in
isolated, perfused TALs using the ratiometric
dyes dihydroethidium and Fura2, respectively.
Stretch led to a greater increase in Cai in SS
(243451 nM; n=9) compared to SR (124427 nM;
n=10; p<0.05 vs. SS). The increase in Cai and the
difference between strains were blunted when
tubules were treated with RN1734, a TRPV4
inhibitor (SS: 59110 nM; SR: 24+3 nM; n=5 in
each group). TRPV4 facilitates Ca influx into the
cell. Thus we tested the effect of removing
extracellular Ca on the response to stretch.
When tubules were perfused and bathed with
in Ca-free solutions stretch-induced increases in
Cai and the difference between SS and SR TALs
were completed eliminated (SS: 10£6 nM; SR:
8+4 nM; n=5 in each group). Transfecting SS
TALs with an adenovirus expressing a TRPV4-
small hairpin RNA abolished the difference in
the stretch-induced Cai response between SS
and SR tubules (SS: 75+15nM; SR: 5628 nM;
n=4 for each group). Stretch-induced Oy
production was greater in SS TALs compared to
SR tubules (SS: 59110 AU/min; SR: 24+3
AU/min; p<0.02; n=5 for each group). The
increase in Oy production caused by stretch and
the difference between SS and SR TALs were
eliminated when tubules were treated with the

TRPV4 inhibitor RN1734 (SS: 157 AU/min; SR:
10+4 AU/min). Our results indicate that: 1)
stretch increases Cai in SS and SR TALs and this
is mediated by activation of TRPV4; 2) stretch
raises Cai more in SS than SR tubules; 3) stretch-
induced Oy production is elevated in SS TALs
compared to those from SR and this is due to
greater increases in Cai; and 4) differences in
TRPV4 activation likely explain, in part, both the
differences in stretch-induced Cai and Oy
production.
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Canonical Wnt Signaling Mediates Enhanced
Renal Afferent Arteriolar Reactive Oxygen
Species and Contractility in Diabetic Mice

PrimaryAuthor.AuthorBlock:En Yin Lai, Dept of
Physiology, Zhejiang Univ Sch of Med, Div of
Nephrology and Hypertension, and
Hypertension Ctr, Georgetown Univ,
Washington, DC; Suping Zhang, Qian Huang,
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Zhejiang Univ Sch of Med, Hangzhou, China;
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Charité-Univsmedizin Berlin, Berlin, Germany;
Lingli Li, Christopher S. Wilcox, Div of
Nephrology and Hypertension, and
Hypertension Ctr, Georgetown Univ,
Washington, DC

Background: Canonical Wnt signaling is
involved in oxidative stress and diabetes but its
role in diabetic renal microvascular dysfunction
is unclear. We tested the hypothesis that
enhanced canonical Wnt signaling in renal
afferent arterioles from diabetic mice increases



reactive oxygen species (ROS) and contractions
to endothelin-1 (ET-1). Methods: Diabetic or
control C57BI/6 mice received vehicle or
sulindac (40 mg-kg*-day?) to block canonical
Whnt signaling for 4 weeks. ET-1 contractions
were measured in diameter changes and H,0,
and Oy" by fluorescence microscopy. Arteriolar
protein expression and enzymatic activity were
examined by standard methods. Results:
Compared to control, diabetic mouse afferent
arteriole had significantly increased O, (+84%)
and H;0; (+91%) and enhanced sensitivity to ET-
1 at 108 mol-I"* (-72+4% versus -43+4%, P<0.05)
accompanied by significantly (P<0.005) reduced
protein expressions and activities for catalase
and superoxide dismutase 2 (SOD2). Incubation
of afferent arterioles from normal or diabetic
mice with PEG-SOD reduced responses to ET-1
whereas incubation with PEG-catalase reduced
sensitivity to ET-1 selectively in arterioles from
diabetic mice. The arteriolar protein
expressions for canonical Wnt signaling
indicated overactivation of this pathway in
diabetic mice (2.6-fold increase in p-GSK-
3B/GSK-3pB and 3.3-fold decrease in p-B-
catenin/B-catenin). Sulindac given to diabetic
mice normalized the canonical Wnt signaling
protein and arteriolar 0,7, H,0,and ET-1
contractions while doubling (P<0.05)
microvascular catalase and SOD2. Conclusions:
Increased ROS, notably H,0,, mediated by
canonical Wnt signaling contributes to
enhanced afferent arteriolar sensitivity to ET-1
in diabetes. Thus, antioxidant pharmacological
strategies targeting canonical Wnt signaling
may improve vascular function in diabetic
nephropathy.
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An Attenuated Nocturnal Dip in Systemic
Vascular Resistance is Associated With
Increased Left Ventricular Mass

PrimaryAuthor.AuthorBlock:Alan Hinderliter,
Univ of North Carolina, Chapel Hill, NC;
LaBarron Hill, James Blumenthal, Andrew
Sherwood, Duke Univ, Durham, NC

Introduction: Previous work from our
laboratory has demonstrated that the nocturnal
“dip” in blood pressure (BP) is due primarily to a
decrease in systemic vascular resistance (SVR),
and that nondipping is associated with a
blunted nighttime reduction in SVR. In this
analysis, we examined the hypothesis that a
blunted nocturnal SVR fall is associated with
increased LV mass.

Methods: 24-hour ambulatory hemodynamics
were assessed in a biracial sample of 116 men
and women with elevated clinic BP (130-
159/80-99 mmHg). Ambulatory BP monitoring
was coupled with synchronized measurements
of cardiac output by ambulatory impedance
cardiography. Values for SVR were derived for
each ambulatory BP measurement. Left
ventricular (LV) mass was measured by
echocardiography and indexed by height*” to
adjust for differences in body size. Multivariable
regression models were used to examine the
relationships between LV mass index and
demographic characteristics, anthropomorphic
variables, daytime ambulatory systolic BP, and
dipping of SVR and systolic BP.

Results: The study cohort averaged 45.3 + 8.3
years of age; 42% (49 of 116) of the subjects
were female and 47% (54 of 116) were African
American. The mean body mass index (BMI)
was 28.3 * 3.8 kg/m?. The mean daytime
ambulatory systolic BP was 137 £ 11 mmHg; the
systolic BP dip averaged 13 + 5%, and the
nocturnal fall in SVR averaged 13 + 15%. In a
model that included age, sex, race, BMI, and



daytime systolic BP, daytime systolic BP was
significantly associated with LV mass index
(b=0.33, p=0.0004). The SVR percent dip, (b=-
0.21, p=0.02) but not the percent dip in systolic
BP (b=-0.15, p=0.11), was an independent
predictor LV mass index when added to this
model.

Conclusions: A blunted nocturnal dip in SVR is
associated with increased LV mass index,
independent of daytime systolic BP. This finding
suggests that an attenuated nighttime fall in
SVR may contribute to left ventricular
hypertrophy.
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Paradoxical Blood Pressure Increase After Brief
Patient Rest Period

PrimaryAuthor.AuthorBlock:Abimbola Shofu,
Timothy Kennedy, Bassam Omar, Christopher
Malozzi, G. Mustafa Awan, Univ of South
Alabama, Mobile, AL

BACKGROUND: Office-based blood pressure
(BP) measurement is subject to variations which
may influence management. OBJECTIVE: To
assess the effect of rest period on repeat BP
measurement. METHODS: Clinic charts were
review identified 200 encounters with BP re-
measurement due to initial BP of > 130/80
mmHg. BP was measured initially by a nurse,
with the patient in a sitting position and the
arm resting at the level of the heart. If BP was >
130/80 mmHg, it was repeated by physician
after resting the patient for 15 minutes. Mean
age was 64 + 12 years. RESULTS: Among

encounters with BP re-measurement, initial
systolic BP (SBP) was 154 + 25 mmHg, and
diastolic BP 87 £ 15 mmHg. Upon re-
measurement, 135 of 200 patients (68%) had
lower SBP of 144 £ 21 mmHg compared with
initial SBP of 161 + 25 mmHg; a 17 mmHg drop
(P <0.01). However, 53 of 200 patients (27%)
had higher SBP of 149 + 17 mmHg compared
with initial SBP of 138 + 14 mmHg; an 11 mmHg
increase (P < 0.01). Twelve patients (6%) had no
BP change. In 47% (93/200) of encounters, BP
re-measurement necessitated medication
changes. Compared with the remaining
patients, those with paradoxical increase in BP
were younger (60 + 9 years versus 66 + 12
years; p < 0.01), and with lower initial SBP (138
+ 14 versus 161 + 25, p < 0.01). DISCUSSION:
Hypertension is a major challenging public
health problem. JNC 8 guidelines recommend
that prior to BP measurement, patients should
be seated quietly for at least 5 minutes in a
chair, with feet on the floor, and arm supported
at heart level; this may decrease initially
elevated BP. However, 27% of our patients
exhibited a paradoxical response, with elevation
of the SBP after a 15 minute period of rest. The
cause of this paradox is not clear, but may have
resulted from white-coat hypertension during
the rest period, which may be more common in
younger patients, as noted in our study. This
underscores the importance of ambulatory BP
monitoring, especially in subsets of patients
prone to having labile or white coat
hypertension, to avoid the cost and side effects
of BP overtreatment. Studying larger number of
patients, and including patient with normal
initial BP, may help clarify the mechanism and
clinical significance of this observation.
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Blood Pressure Variability and Control by 24-
hour Ambulatory Blood Pressure Monitoring
Before and After Resection of Catecholamine-
secreting Neuroendocrine Tumors

PrimaryAuthor.AuthorBlock:Jordana B. Cohen,
Univ of Pennsylvania, Philadelphia, PA; Anirban
Ganguli, Georgetown Univ, Washington Hosp
Ctr, Washington, DC; Bonita J. Bennett,
Raymond R. Townsend, Debbie L. Cohen, Univ
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Background: Measurements obtained by 24-
hour ambulatory blood pressure monitoring
(ABPM), such as nocturnal dipping and 24-hour
blood pressure variability, are strongly
associated with long-term renal and
cardiovascular outcomes. Sparse data exist
about how these parameters change after
resection of catecholamine-secreting
neuroendocrine tumors (NETs). Methods: We
performed a prospective observational study of
patients who underwent resection of
catecholamine-secreting NETs at Penn between
January 2014 and December 2016. Patients
underwent 24-hour ABPM 1-3 weeks prior to
and 6-8 weeks following resection. Results: Of
the 32 patients who underwent resection,
median age was 56 years, with 44% males (14 of
32), 78% Caucasians (25 of 32), and 84% (27 of
32) on at least one antihypertensive medication
pre-operatively. Following resection, 50% (16 of
32) were on no antihypertensive medications
and 74% (20 of 27) were on less medications
than at baseline. There was a significant decline
in clinic systolic blood pressure ([SBP] 134.6 vs.
122.5 mmHg, p<0.001), clinic pulse pressure
(56.0 vs. 50.7 mmHg, p=0.037), clinic heart rate
(80.8 vs. 75.5 mmHg, p=0.029), 24-hour mean
SBP (133.1 vs. 127.4 mmHg, p=0.036), 24-hour
SBP average real variability (10.0 vs. 9.0,

p=0.031), 24-hour mean pulse pressure (54.5 vs.
51.6 mmHg, p=0.012), and 24-hour mean heart
rate (78.5 vs. 74.0 bpm, p=0.023). Although the
decline in nocturnal mean SBP (125.2 vs. 116.3
mmHg, p=0.007) was greater than the decline in
daytime mean SBP (135.2 vs. 128.4, p=0.035),
there was no reduction in non-dipping (38% vs.
44%, 12 vs. 14 of 32, p=0.854). Among patients
who had masked (7 of 32), white coat (4 of 32),
or sustained hypertension (9 of 32) at baseline,
60% (12 of 20, p=0.002) had controlled
hypertension upon follow up. Conclusion:
Following resection of catecholamine-secreting
NETSs, patients had a significant decline in 24-
hour blood pressure variability and many
experienced resolution of white coat, masked,
and sustained hypertension, on less
antihypertensive medications compared to
baseline. There was no significant decline in
non-dipping. NET resection may have greater
prognostic significance than appreciated by
changes in in-office blood pressure
measurements and related parameters.
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Use of Antihypertensive Drugs, Drug Classes,
and Combinations in Resistant versus Non-
resistant Hypertension, and in True versus
White-coat Resistant Hypertension
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We aimed to evaluate the use of specific
antihypertensive drugs and drug classes, as well
as combinations in patients treated with 3 or
more drugs classified as having or not resistant
hypertension (RH), controlled or uncontrolled
RH and true versus white-coat RH. From the
Spanish ABPM Registry, we identified 21238
patients treated with 3 (14264) or more (6974)
antihypertensive drugs of different classes.
Among patients treated with 3 drugs we
compared those with controlled (<140/90
mmHg; No RH) or uncontrolled (RH) office BP.
In patients treated with 4 or more drugs we
compared controlled versus uncontrolled RH.
Moreover in uncontrolled RH patients, we
compared those with white-coat (normal
ABPM) versus true RH. We evaluated the use of
different antihypertensive drug classes, specific
antihypertensive drugs inside each class, and
types of combinations. Results were adjusted
for age, gender, and previous history of
cardiovascular disease. With respect to RH
treated with 3 drugs, those No RH used more
frequently aldosterone antagonists (AA;
Relative risk: 1.82; 1.40-2.37. They also used
more frequently clorthalidone (CTL) among
diuretics (RR: 1.54; 1.24-1.91), amlodipine
(AML) among calcium channel blockers (CCB;
RR: 1.12; 1.00-1.24) and bisoprolol (BIS) among
beta blockers (RR: 1.18; 1.03-1.35). In patients
treated with 4 or more drugs, controlled RH was
also associated with the use of AA (RR: 1.41;
1.14-1.73) and AML (RR: 1.42; 1.25-1.62). No
differences were observed in the type of
combination used. When comparing patients
with true versus white-coat RH, the latter group
used more frequently diuretics (RR: 1.31; 1.16-
1.47), CTL (RR: 1.79; 1.48-2.16) among diuretics,
and AML (RR: 1.44; 1.32-1.57) among CCB. The

triple combination of RAS blockers, CCB, and
diuretics was also more frequently used in
those with white-coat RH (RR: 1.09; 1.00-1.19).
In conclusion, controlled office BP among
patients treated with 3 or more drugs is
associated with AA, CTL, and AML use. White-
coat RH is associated with more diuretic use,
especially CTL, AML, and the combination of
RAS blockers, CCB, and diuretics. These results
support the use of such triple combination,
preferably including CTL and AML, and the
addition of AA in order to reduce the
prevalence of RH and true RH.
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Seasonal Variation and Day-by-day Variability
in Nocturnal Blood Pressure Fall: The
Nagahama Study
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Backgrounds: Abnormalities in circadian blood
pressure (BP) variation have been suggested to
be associated with cardiovascular diseases and
mortality. Factors affecting the variability need
to be clarified to precisely evaluate the risk of
circadian BP abnormalities. Given the seasonal
differences in casual BP, it was hypothesized
that nocturnal BP may also differ by season.
Here we aimed to clarify seasonal and day-by-



day variability of circadian BP variation in a
large-scale general population. Methods: We
analyzed a dataset describing in the Nagahama
study. Study participants were 4,792
community residents. Evening, sleep, and
morning BP values were measured for 5 days at
home using an automatic cuff-oscillometric
device (HEM-7080IC). Participants were
required to sleep with putting a cuff on the
upper arm. The BP monitor was programmed to
automatically measure BP at 0, 2, and 4 o’clock,
and all readings were recorded in a built-in
memory of the device. Sleeping period was
objectively defined by actigraphy. Results:
Overall frequency of extreme-dipper, dipper,
non-dipper, and riser were 6.5, 34.9, 45.1, and
13.5%, respectively. Nocturnal systolic BP fall
was significantly smaller in individuals whose BP
was measured during the summer season
(summer, -5.8 + 7.8%; middle, -8.2 + 7.5%;
winter, -11.1 + 7.7%; p <0.001), resulting in
higher frequencies of riser (summer, 19.9;
middle, 12.8; winter, 7.5%) and non-dipper
(summer, 51.5; middle, 46.2; winter, 36.7%) in
summer season (p <0.001). The mean ambient
temperature showed significant association
with nocturnal SBP dipping level (r =0.259, p
<0.001). Results of linear regression analysis
identified middle (beta = 0.156, p <0.001) and
summer season (beta = 0.263, p <0.001) as
strong positive determinants for decreasing
nocturnal SBP fall, independently of other
possible covariates. No marked seasonality was
observed in day-by-day variability of the dipping
pattern (Kendall’s coefficient: winter, 0.590;
middle, 0.602; summer, 0.581). Conclusion:
Nocturnal BP fall was largely different by season
with higher frequency of riser and non-dipper in
summer. The seasonality might not be due to
the seasonal difference in day-by-day variability
of nocturnal BP changes.
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Factors Associated With Home Blood Pressure
Monitoring Among US Adults: The National
Health and Nutrition Examination Survey
(NHANES), 2013-2014

PrimaryAuthor.AuthorBlock:Joel C Marrs, Sarah
L Anderson, Univ Colorado Anschutz Medical
Campus, Aurora, CO

Introduction: National prevalence data on
home blood pressure monitoring (HBPM) has
previously been reported from 2009-2010, but
no recent data has been reported. Methods:
This report is based on national-level, cross-
sectional data for noninstitutionalized US adults
aged >18 years (n = 6,113 participants) from the
National Health and Nutrition Examination
Survey (NHANES), 2013-2014. Results: Overall,
25.5% (1560 of 6113) of the adults engaged in
HBPM monitoring in the 2013-2014 survey year.
This is an increase from the previous NHANES
2009-2010 analysis reporting a 21.7% (1302 of
6001) rate. The frequency of HBPM increased
with higher age, higher education level, having
a partner, hypertensive, hypertensive aware,
and hypertensive treated. Both SBP and DBP
were higher in the HBPM group and were both
statistically significant. The groups of
hypertensive, hypertensive-aware, and
hypertensive-treated patients all showed higher
rates of HBPM use than nonuse. The frequency
of HBPM monitoring in the categories of less
than monthly, monthly, and weekly was
reported at rates of 7.8% (476 of 6113), 6.6%
(401 of 6113), and 11.2% (683 of 6113),
respectively. These reported rates are



consistent and slightly increased in the weekly
HBPM reported use compared with the NHANEs
2009-2010 analysis (7.2% [432 of 6001], 6.6%
[396 of 6001], and 7.9% [474 of 6001),
respectively). Adjusting for covariables, those
who were aware of, treated for, and had known
hypertension were more likely to have a higher
frequency of HBPM than the reference:
unaware, untreated, and no known
hypertension (odds ratio (OR) = 1.98; OR =2.13;
and OR = 1.64, respectively). Individuals with
less than a high school diploma and having no
partner were less likely to perform HBPM than
the reference: high school graduate or greater
and having a partner (OR =0.73; OR = 0.65,
respectively). Conclusions: Approximately
21.0% (1084 of 6113) of adults engaged in
monthly or more frequent HBPM which is an
increase from the reported 14.5%(870 of 6001)
rate in the 2009-2010 analysis. Having
hypertension, being aware of hypertension, and
being treated for hypertension were associated
with an increased frequency of HBPM. Having
no partner and less than a high school diploma
were associated with lower frequency of HBPM.
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Angiotensinogen in Neurons of the Arcuate
Nucleus May Regulate Metabolic Rate in Mice

PrimaryAuthor.AuthorBlock:Sarah A
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Katherine N Gibson-Corley, Justin L Grobe, Univ
of lowa, lowa City, IA

Recent studies from our laboratory have
demonstrated that angiotensin Il (ANG) type 1A

receptors (AT1A) within the arcuate nucleus,
expressed in the subset of neurons which
express both the leptin receptor (LepR) and
agouti-related peptide (AgRP), are critically
involved in the control of thermogenic adipose
sympathetic nerve activity (SNA) and resting
metabolic rate (RMR) by leptin. This mechanism
appears to involve AT1A-mediated suppression
of gamma-aminobutyric acid (GABA) synthesis
and packaging in AgRP neurons of the arcuate
nucleus (ARC). It remains unclear, however,
how leptin/LepR signaling results in AT1A
activation within AgRP neurons. We
hypothesize that LepR signaling results in
increased transcription and local release of
angiotensinogen (AGT) within the ARC, and
consequently increased autocrine or paracrine
ANG signaling within the ARC. Fluorescent in
situ hybridization (RNAscope) uncovered
expression of AGT mRNA in various cells of the
ARC of C57BL/6J mice, including cells expressing
mRNA for LepR, AgRP, proopiomelanocortin
(POMC), insulin I, or glial fibrillary acidic
protein, supporting local generation of AGT
within the ARC. In silico re-analysis of a
publically-available gene expression dataset
interrogating individual cell types of the mouse
hypothalamus (GSE74672) similarly uncovered
expression of AGT in astrocytes, microglia, and
many neuronal cell types of the ARC, including
those expressing AgRP and POMC. Stimulation
of immortalized mouse hypothalamic AgRP-like
cell cultures (N47) with leptin may increase AGT
MRNA (100 nM, 4 hrs; n=4 passages, 1.0 (0.6-
1.8) vs 2.0 (1.2-3.6) fold, p=0.19). Further, using
Cre-lox technology, mice lacking AGT in LepR- or
AgRP-expressing cells (AGT'PRKO or AGTA8RP-KO
mice) were generated. In females at 8 weeks of
age fed a chow diet (Teklad 7013), trends
toward increased fat mass were noted (control
n=28, 0.7+0.1; AGT'PRK0 n=2, 1.0+0.5; AGT"&""-
KO h=3, 1.0+0.2 g), despite normal food intake
(13.5%0.6, 16.3%0.0, 12.4+0.8 kcal/d) and
digestive efficiency (791, 8310, 80+1 %).
Collectively, these findings support local



production of ANG peptides within the ARC,
and may indicate transcriptional regulation of
AGT by leptin and a role for ARC AGT in the
control of energy expenditure.
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Ox-LDL Leads to Increases of Endothelial Lysine
Acetylation Linking Metabolic Memory to
Diabetic Vascular Dysfunction
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Medicin, Old Westbury, NY

Around 70% of type 2 diabetic (T2DM) patients
will die due to sustained vascular complications,
including hypertension. Evidence from clinical
trials has shown that even under proper
glycemic control, diabetic patients exhibit
persistent vascular dysfunction. This
phenomenon referred as “metabolic memory”
(MM) is a major problem in treating diabetic
patients. A current gap in knowledge of how
MM contributes to diabetic vascular
dysfunction needs to be addressed. Elevated

serum ox-LDL levels are frequently found in
T2DM. Whether ox-LDL is linked with MM
remains undefined. We hypothesize that
transient ox-LDL exposure increases endothelial
lysine acetylation which in turn may contribute
to persistent vascular dysfunction. Using a
model of MM in cultured primary human aortic
endothelial cells (HAEC), we found that 16h
stimulation with ox-LDL (40 pug/mL) significantly
increased lysine acetylation in the total cellular
proteins (2.2 fold of increase vs unstimulated
cells, p<0.01, n=4). Moreover, ox-LDL increased
vascular cellular adhesion molecule-1 protein
(VCAM-1, 1.8-fold increase, p<0.05, n=3), and
superoxide production detected by
dihydroethidium (2.5-fold increase, p<0.001,
n=4) in comparison to unstimulated HAEC.
When HAEC stimulated with ox-LDL were
returned to a regular medium for 48h, VCAM-1
expression markedly decreased, whereas
superoxide and lysine acetylation levels
remained unchanged, suggesting that transient
ox-LDL exposure generates MM. To determine
whether increased endothelial lysine
acetylation correlates with vascular
dysfunction, we assessed endothelium-depend
relaxation through concentration-dependent
responses to acetylcholine using wire myograph
in freshly isolated mice superior mesenteric
arteries in organ culture. Vasorelaxation was
impaired in vessels incubated with 40 pg/mL ox-
LDL for 8h (66.3 + 3.4 vs 90.1 + 2.2 % control,
p<0.05, n=4). This impairment was ameliorated
when vessels exposed to ox-LDL were returned
to regular medium for 12h (75.5+ 2.0 vs 66.3
2.4 %, p<0.01, n=4). These results indicate that
transient ox-LDL causes persistent endothelial
dysfunction and augmented endothelial lysine
acetylation which may be an epigenetic
modification driving MM and diabetic vascular
dysfunction.
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Dipeptidyl Peptidase IV (DPP4) Inhibition
Enhances the Vasoconstrictor Response to
Neuropeptide Y During Angiotensin-converting
Enzyme Inhibition

PrimaryAuthor.AuthorBlock:Scott Hubers,
Jessica Wilson, Nancy Brown, Vanderbilt Univ
Medical Ctr, Nashville, TN

Background: Dipeptidyl peptidase IV (DPP4)
inhibitors are antidiabetic medications that may
increase risk of heart failure. Neuropeptide Y
(NPY), a substrate of DPP4, is co-released with
norepinephrine (NE) and causes
vasoconstriction via the Y1 receptor. We tested
the hypothesis that DPP4 inhibition would
potentiate the effect of exogenous NPY on
forearm blood flow (FBF). Methods: Seven
healthy non-smokers participated in a
randomized, double-blinded, placebo-
controlled crossover study. Subjects underwent
two study days and received sitagliptin 100 mg
daily or placebo for seven days before each
study day. On each study day, NPY was infused
at 0.1, 0.3, 1.0, and 3.0 nmol/min through the
brachial artery and FBF was measured using
plethysmography. Following 90-minute
washout, subjects received intra-arterial
enalaprilat and NPY infusion was repeated.
Venous and arterial samples were obtained for
NE and NPY. Results: FBF decreased to a similar
extent with increasing doses of NPY during
sitagliptin and placebo (Figure 1). During
enalaprilat, sitagliptin potentiated the
vasoconstrictor effect of NPY compared to
placebo (FBF 1.32 vs 1.94 mL/min/100mL at 0.3
nmol/min NPY during sitagliptin and placebo,
respectively, P=0.039, Figure 1). NE decreased
with ACE inhibition during NPY infusion, but this
effect was not altered by DPP4 inhibition
(Change in NE -47 vs -66 pg/mL with sitagliptin

and placebo, respectively, P=0.92). Conclusion:
DPP4 inhibition potentiates the vasoconstrictor
effect of NPY in the forearm vasculature in the
setting of ACE inhibition. These findings have
implications for the cardiovascular effects of
DPP4 inhibitors in patients receiving ACE
inhibitors.
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Endothelin-1 Exaggerates Type-1 Diabetes-
Accelerated Atherosclerosis Through NADPH
Oxidase 1
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Introduction: NADPH oxidase (NOX) 1 but not
NOX4-dependent oxidative stress plays a role in
diabetic vascular disease, including
atherosclerosis. Endothelin (ET)-1 has been
implicated in diabetes-induced vascular
complications. We showed that crossing mice
overexpressing ET-1 selectively in endothelium
(eET-1) with apolipoprotein E knockout (Apoe™")
mice exaggerated high-fat diet-induced
atherosclerosis in part by increasing oxidative
stress. We hypothesized that ET-1
overexpression in the endothelium would
exaggerate diabetes-accelerated atherosclerosis
through a mechanism involving NOX1 but not
NOX4.

Methods: Six-week-old male Apoe”" mice, eET-
1/Apoe” and eET-1/Apoe”” mice deficient in
Nox1 (eET-1/Apoe”"/Nox1"") or Nox4 (eET-
1/Apoe”"/Nox4”") were rendered diabetic with
55 mg/kg/day streptozotocin (STZ) IP for 5 days
and studied 14 weeks later. Aortic
atherosclerotic lesions were quantified using Oil
Red O staining. Monocyte/macrophage
infiltration and alpha-smooth muscle actin area
were determined by immunofluorescence in
aortic atherosclerotic lesions. Plasma
cholesterol, HDL and triglycerides were
measured.

Results: ET-1 overexpression exaggerated 2.5-
fold the atherosclerotic lesion area of the aortic
sinus in diabetic Apoe”" mice (plaque area [x10°
um?2]: 5.3+0.2 vs 2.1+0.4, P<0.05), which was
reduced ~35% by Nox1 (3.5+0.4 x10° pm?,
P<0.05) but not Nox4 knockout (5.0+0.7 x10°
um?). Monocyte/macrophage infiltration was
reduced ~30% in diabetic eET-1/Apoe” and eET-
1/Apoe”"/Nox4” mice (31+1 and 35+2 vs 48+5%
of lesion area, P<0.05) but not eET-1/Apoe”
/Nox1”" mice (35+2%). ET-1 overexpression
decreased alpha-smooth muscle actin content
by ~35% (9+1 vs 144+2% of lesion area, P<0.05),
which was blunted by Nox1 (15+2%, P<0.05) but
not Nox4 knockout (9+1%). Plasma triglycerides
were unaffected by ET-1 overexpression
(3.440.3 vs 3.620.5 mmol/L) but reduced by

Nox1 and Nox4 knockout (2.240.4 and 1.8+0.4
mmol/L, P<0.05). Plasma HDL and cholesterol
were similar between groups.

Conclusions: Endothelium ET-1 overexpression
exaggerates diabetes-accelerated
atherosclerosis and reduces plaque stability
through NOX1.
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Pathogenic Role of Ubiquitin Ligase KIhiI3 in
Diabetic Nephropathy

PrimaryAuthor.AuthorBlock:Kenichi Ishizawa,
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Nephrology, Dept of Internal Med, Teikyo Univ
Sch of Med, Tokyo, Japan

<Background and aim> Kelch-like 3 (KLHL3) is a
component of an E3 ubiquitin ligase complex
that regulates blood pressure by targeting With-
No-Lyisne (WNK) kinases for degradation.
Mutations and inactivation of KLHL3 cause
hypertension resulting from increased Na-Cl
cotransporter (NCC) activity in the kidney.



Previously, we have reported that angiotensin Il
(Shibata et al. PNAS 2014) and potassium
deficiency (Ishizawa et al. BBRC 2016) inactivate
KLHL3 by protein kinase C (PKC)-mediated
phosphorylation at S433 in the Kelch-domain,
thereby contributing to increased blood
pressure. Although clinical studies have shown
that diabetic patients display salt-sensitive
hypertension, its pathogenesis remains unclear.
In this study, we examined the possible
involvement of KLHL3 in the diabetic kidney,
using a model of type 2 diabetes. <Methods>
We examined the expression levels of total
KLHL3, KLHL3 phosphorylated at S433 (inactive
form; KLHL3%*3"), and NCC in the kidney of
Db/+ and Db/Db mice by Western blot.
Distribution of KLHL3%**%** and NCC was
analyzed by immunofluorescent microscopy. In
some experiments, bisindolylmaleimide (BIM;
the PKC inhibitor) was administered
intraperitoneally. <Results> We found that
KLHL3%*3" |evels were significantly increased in
the kidneys of Db/Db mice (2.2-fold increase
versus Db/+ mice; P < 0.01), which was
associated with the increased levels of WNK1/4.
Moreover, NCC levels in the membrane fraction
were significantly higher in Db/Db mice than
Db/+ mice (2.3-fold increase, P < 0.01).
Immunofluorescent study indicated that
KLHL3%*33" is increased in the distal convoluted
tubules (where NCC is present). Of note, active,
phosphorylated PKC was increased in the
kidney of Db/Db mice (1.8-fold increase; P
<0.01), explaining the KLHL3%*3* induction in
this model. To investigate the causal role of PKC
and KLHL3%*3?, we administered BIM to Db/Db
mice. Importantly, KLHL3%%3" |evels were
significantly decreased by BIM (29% decrease vs
Db/Db mice; P < 0.05). Furthermore, the
increased NCC at the plasma membrane in
Db/Db mice was also ameliorated by the PKC
inhibitor. <Conclusion> These data indicate that
the inactivation of KLHL3 is involved in the
aberrant NCC activity in the kidney of Db/Db
mice.
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On the Significance of Urinary Renin in
Diabetic Kidney Disease: A Critical Role of
Impaired Proximal Tubular Reabsorption
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Increased expression of renin in the kidney
collecting tubule of rodents made diabetic by
streptozotocin (STZ) has been well
demonstrated but whether this site is the main
source of urinary renin is unknown. We wanted
to examine the origin and significance of urinary
renin in diabetic kidney disease (DKD).

Total and active renin was evaluated in urines
from people with longstanding type 1 diabetes
of more than 25 years, with (n=36) or without
DKD (n=38) (eGFR 101 vs. 39 mL/min/1.73m?
p<0.001). Mice given STZ (n=15) or vehicle (n=8)
20 weeks prior to study were also studied. In
people with DKD, total renin was markedly
increased compared to people without DKD (82
vs. 49 pg/mg Cr; p=0.023). Active renin was also
significantly increased in people with DKD
compared to people without DKD (3.2 vs. 1.3
pg/mg Cr; p<0.001). In mice with STZ-induced
DKD a significant increase in renin was found
compared to controls (1093+319 vs. 64118
pg/mg Cr; p=0.0001). To examine the role of
filtration and tubular reabsorption on urinary
renin, human active renin was measured in
urines from non-diabetic mice infused with
human recombinant renin (hrRenin) (n=8), a



combination of lysine and hrRenin (n=5) and
non-infused controls (n=15). Urines of mice
infused with a combination of lysine (a blocker
of proximal tubular protein reabsorption) and
hrRenin had markedly higher urinary human
active renin than those of controls (1794129 vs.
1.6+0.4 pg/mg Cr; p=0.001). The values were
also markedly higher than those of mice infused
with hrRenin only (4.4+1.1 pg/mg Cr; p=0.003).
The effect of lysine was also evaluated in regard
to endogenous mouse renin. Urinary mouse
renin in mice infused with lysine (n=5) was
markedly increased compared to non-infused
controls (n=18) (2236018673 vs. 346182 pg/mg
Cr; p=0.001).

In conclusion, in humans with DKD, urine
concentrations of both total and active renin
are increased. In mice with STZ-induced DKD,
urine total renin is also markedly increased. The
data further demonstrate that 1) renin is both
filterable and reabsorbable in normal mice and
2) the increase of urinary renin in DKD can be
attributed largely to impaired reabsorption
mainly in the proximal tubule.
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Neurons in the Organum Vasculosum of the
Lamina Terminalis Contribute to Salt-sensitive
Hypertension

PrimaryAuthor.AuthorBlock:Sean D Stocker,
Univ of Pittsburgh, Pittsburgh, PA

Excess dietary salt intake raises plasma and
cerebrospinal fluid NaCl concentrations to
elevate sympathetic nerve activity (SNA) and
arterial blood pressure (ABP). Changes in
extracellular NaCl concentrations are sensed by
neurons in the organum vasculosum of the
lamina terminalis (OVLT) - a circumventricular
organ that lacks a complete blood-brain barrier.
The purpose of the present study was to
investigate the hypothesis that salt-sensitive
hypertension was mediated, in part, by an
elevated activity of OVLT neurons. Dahl-Salt-
Sensitive or Sprague-Dawley rats (8-10 weeks)
were fed 0.5% or 4.0% NaCl diets for 3-4 weeks.
First, in vivo single-unit recordings demonstrate
the discharge of OVLT neurons in Dahl-Salt-
Sensitive rats was higher after a 4.0% versus
0.5% NaCl diet (4.1+0.4 Hz vs 1.9+0.3 Hz, n=6
per group, P<0.05). OVLT neuronal discharge of
Sprague-Dawley rats was not different after a
4.0% or 0.5% NaCl diet (2.1+0.4 Hz vs 1.7+0.3
Hz, n=6-9 per group, P>0.5). In a second set of
experiments, injection of hypertonic NaCl (1.0M
NaCl, 20nL) into the OVLT produced significantly
greater increases in lumbar SNA (131+6% vs
116+3%, n=4 per group, P<0.05) and mean ABP
(1442 vs 842 mmHg, n=4 per group, P<0.05) of
Dahl-Salt-Sensitive rats fed 4.0% versus 0.5%
NaCl respectively. Sprague-Dawley rats fed 4.0%
versus 0.5% NaCl exhibited responses of smaller
magnitude for both lumbar SNA (1154 vs
108+3%, n=4 per group, P<0.05) and mean ABP
(942 vs 62 mmHg, n=4 per group, P<0.05).
Interestingly, the duration of the response was
much longer in Dahl-Salt-Sensitive versus
Sprague-Dawley rats (data not shown). Finally,
inhibition of neuronal activity by injection of the
GABA agonist muscimol (5mM, 20nL) into the
OVLT produced a significantly greater fall in
lumbar SNA (-25+4% vs -11+£3%, n=4 per group,
P<0.05) and mean ABP (-1944 vs -62 mmHg,
n=4 per group, P<0.05) of Dahl-Salt-Sensitive
rats fed 4.0% versus 0.5% NaCl, respectively.
Injection of muscimol into the OVLT of Sprague-
Dawley rats did not significantly affect SNA or



mean ABP. Collectively, these findings suggest a
high salt diet increases the activity of OVLT
neurons to elevate SNA and ABP in salt-
sensitive hypertension.
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Neurons in the Nodose Ganglion that Express
Angiotensin Type 1a Receptors Function as
Primary Baroreceptor Afferents: An in vitro
and in vivo Optogenetic Study
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The baroreflex is an essential regulator of blood
pressure (BP); whereby, baroreceptors sense
acute changes in BP and convey this
information, via the nodose ganglia (NG), to the
nucleus of the solitary tract (NTS). Manipulation
of the baroreflex may provide a novel strategy
in the treatment of hypertension. To that end,
our neuroanatomical studies revealed a dense
localization of angiotensin type 1a receptor
(AT1a)-containing neuronal cell bodies in the
NG and terminals in the NTS, thereby
positioning them to play a role in the
baroreflex. We, therefore, hypothesized that
AT1la neurons residing in the NG potently
influence cardiovascular function. Male and
female mice expressing channelrhodopsin-2
(ChR2) and yellow fluorescent protein (eYFP)
specifically in AT1a-expressing neurons (AT1aR-
ChR2-eYFP) were used to determine the
function of these neurons. In vitro patch clamp

electrophysiological recordings from neurons in
the NTS receiving axons expressing ChR2-eYFP
revealed that optogenetic stimulation (473nm)
reliably evoked excitatory postsynaptic currents
(EPSCs). In concurrence with studies
demonstrating that baroreceptor afferents
utilize glutamate in the NTS, these EPSCs were
eliminated by the presence of glutamate
receptor antagonists. Next, the NG of
anesthetized mice were subjected to
optogenetic stimulation of varying frequencies
(1, 15, 30Hz) for 1 min, and BP and HR
responses were assessed. Optogenetic
stimulation of these AT1a-expressing neurons
led to significant decreases in mean arterial
pressure (AMAP= -16+3*, -36+4*, -44+7*
mmHg) and HR (AHR= -13+7, -104+44*, -
163+59* bpm) in AT1a-ChR2-eYFP mice (n=6),
but there was no effect on control mice
harboring only the stop-FLOX-ChR2-eYFP gene
(n=5; AMAP= 0+2, -2+1, 5+5 mmHg; AHR= 414,
3+4, -13+21 bpm). Additionally, AT1a-ChR2-
eYFP mice rendered hypertensive via DOCA-salt
(n=7) exhibited a dampened response to
optogenetic stimulation (AMAP= -7+1#, -
14+3*#, -30£6*# mmHg; AHR=-29+34, -71+37*,
-178+50* bpm). Collectively, these data suggest
that AT1a neurons in the NG are key regulators
of the baroreflex, and may serve as a target for
antihypertensive therapeutics. (p<0.05,
*significantly different from control,
#significantly different from normotensive
AT1a-ChR2-eYFP)
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CHIP: E3 Ubiquitin Ligase Mediates
Proteasomal Degradation of Neuronal Nitric
Oxide Synthase in the Paraventricular Nucleus
of Rats with Heart Failure
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The exaggerated sympathetic drive is a
characteristic of heart failure (HF) due to
reduced neuronal nitric oxide synthase (nNOS)
within the paraventricular nucleus (PVN).
Previously we have shown that there were
increased accumulation of nNOS-ubiquitin
(nNOS-Ub) conjugates in the PVN of rats with
HF (1.0+0.05 Sham vs. 1.29+0.06 HF) due to the
increased levels of PIN (a protein inhibitor of
nNOS, known to dissociate nNOS dimers into
monomers) (0.7620.10 Sham vs. 1.12+0.09 HF)
and decreased levels of tetrahydrobiopterin
(BH4): a cofactor required for stabilization of
nNOS dimers (0.6210.02 Sham vs. 0.44+0.03
HF). We also showed that there is blunted nitric
oxide-mediated inhibition of sympathetic tone
via the PVN in HF. Here we examined whether
CHIP(C-terminus of Hsp70 -interacting protein),
a chaperone-dependent E3 ubiquitin-protein
isopeptide ligase known to ubiquitylate Hsp90-
chaperoned proteins could act as an ubiquitin
ligase for nNOS in the PVN.
Immunofluorescence studies revealed
colocalization of nNOS and CHIP in the PVN
indicating their possible interaction. CHIP
expression was increased by 50% in the PVN of
rats with HF(0.96+0.08 Sham vs.1.44+0.10* HF).
It is shown that Hsp90 protects nNOS from
ubiquitination while Hsp70 promotes the
ubiquitination and degradation. We observed
significant upregulation of Hsp70 (0.49+0.03
Sham vs. 0.65+0.02* HF) with a trend toward
the decrease in Hsp90 expression (0.90+0.07
Sham vs. 0.71+0.06 HF). The opposing effects of

the two chaperones could account for the
increased CHIP-mediated ubiquitination and
degradation of dysfunctional nNOS monomers
in the PVN of rats with HF. Furthermore,
neuronal NG108-15 cell line transfected with
the pCMV3-CHIP-GFP spark (CHIP
overexpression plasmid) showed approximately
74% increase in CHIP with concomitant 49%
decrease in nNOS expression. In vitro
ubiquitination assay in NG108 cells transfected
with pCMV-(HA-Ub)s and pCMV3-CHIP-GFP
spark plasmid reveal increased HA-Ub-nNOS
conjugates (1.13 £ 0.09 Scramble vs. 1.65 +
0.12* CHIP plasmid). Taken together, our
results identify CHIP as an E3 ligase for
ubiquitination of dysfunctional nNOS and CHIP
expression is augmented during HF leading to
increased proteasomal degradation of nNOS in
the PVN.
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Knockdown of the Neuronal (Pro)renin
Receptor in the Paraventricular Nucleus of the
Hypothalamus Attenuates ERK1/2 Activation
and the Development of Salt Sensitive
Hypertension
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The (Pro)renin (PRR) receptor is a key player of
the brain renin-angiotensin system. We



previously reported that neuron-specific
knockout of the PRR attenuated the
development of salt-sensitive hypertension
(SSH). However, the brain region responsible for
this effect is unknown. To test our hypothesis
that PRR plays a regulatory role in the
paraventricular nucleus of the hypothalamus
(PVN) during SSH development, we knocked
down PRR using adeno-associated virus (AAV2)-
mediated Cre recombinase micro-injection into
the PVN of PRR-LoxP mice. Blood pressure (BP,
mmHg), heart rate (HR, bpm), and autonomic
function were monitored with radio telemetry.
Immunofluorescence was used to determine
cell localization of AAV2 in the PVN and ERK1/2
activation (pERK1/2). We found that AAV2-eGFP
positive cells co-localized with the neuronal
marker NeuN, but not with astrocytes (GFAP) or
microglia (IBal). PRR-LoxP mice were injected
with either AAV2-eGPF (GFP) or AAV2-Cre-eGFP
(Cre) bilaterally into the PVN (1.8x108Vg). Three
days post viral injection, mice received either
DOCA-salt (50mg DOCA pellet + 0.9%NacCl
drinking solution) or sham (sham pellet + tap
water) treatment for 21 days. PVN injection of
Cre or GFP had no effect on baseline BP. After
21 days of DOCA-salt treatment, the BP (119 3
vs. 139 + 7) was significantly lower in mice that
received Cre compared with GFP. The cardiac
sympathetic tone (AHR to propranolol: -123 +
46 vs. -181 * 16) and vasomotor sympathetic
tone (ABP to chlorisondamine: -47 £ 9 vs. -69 +
5) were also lowered in Cre compared GFP
treated mice following DOCA-salt treatment.
The pERK1/2 levels in the PVN were increased
in the DOCA-salt compared to sham (fold
change: 3.29 + 0.62, P<0.0001) treated mice.
Importantly, the pERK1/2 elevation in the PVN
was blocked by Cre (0.98 + 0.15) compared with
GFP with DOCA-salt treatment. PVN-targeted
PRR knockdown had not effect on pERK1/2 in
the subfornical organ compared to GFP (0.74 +
0.05 vs. 1.0 £ 0.14); while, it reduced pERK1/2 in
the rostral ventrolateral medulla (RVLM) (0.77
0.06 vs. 1.23 £0.11, P<0.001). In summary,

PVN-targeted PRR deletion attenuates SSH and
ERK1/2 activation in the PVN and RVLM, and is
associated with reduction in sympathetic tone
in mice indicating an important role of PVN PRR
in BP regulation.
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Deletion of Brain-specific Isoform of Renin
(renin-b) Increases Resting Metabolic Rate by
Stimulating Thermogenic Sympathetic Nerve
Activity

PrimaryAuthor.AuthorBlock:Javier Gomez,
Pablo Nakagawa, Keisuke Shinohara, Donald A
Morgan, Benjamin J Weidemann, Matthew D
Folchert, Kamal Rahmouni, Justin L Grobe, Curt
D Sigmund, Univ of lowa, lowa City, IA

The brain specific isoform of renin, Renin-b
(Ren-b), has been proposed as a negative
regulator of the brain renin-angiotensin system
(RAS). We generated mice with a selective
deletion of Ren-b (Ren-b KO) while preserving
expression of the classical Renin-a isoform.
Deletion of Ren-b induced central RAS
activation and hypertension through increases
in brain Renin-a. However the metabolic effects
of Ren-b deletion have yet to be described.
Under basal conditions, Ren-b KO mice do not
show differences in body weight, food
consumption or physical activity. On a high fat
diet, Ren-b KO male mice gained significantly
less weight than the control mice (Ren-b KO:
36.8g £ 1.2 vs control: 41.9g + 1.4; p<0.03,
mean + SEM). All subsequent experiments were
performed on male mice. The analysis of the
area under the curve (AUC) in a glucose



tolerance test revealed a mild but significant
glucose intolerance in Ren-b KO mice (Ren-b
KO: 152.5 mg/dL*hr + 20.9 vs control: 93.0
mg/dL*hr £ 14.3; p<0.03). However, there were
no significant differences in the AUC in the
insulin tolerance test (Ren-b KO: 174.3
mg/dL*hr £+ 12.8 vs control: 207.0 mg/dL*hr
12.8; p=0.077). Ren-b KO mice exhibited
increased resting metabolic rate (Ren-b KO:
0.156 + 0.005 kcal/h vs control: 0.145 + 0.003
kcal/h; p<0.015). Ren-b KO mice also exhibited
an increase in sympathetic nerve activity (SNA)
to the interscapular brown adipose tissue (BAT)
(Ren-b KO: 40.8 * 3.1 spikes/sec vs control: 27.2
+ 3.1 spikes/sec; p<0.003). This was associated
with an increase in BAT uncoupled protein 1
(UCP1) protein expression (Ren-b KO: 2.1 £ 0.5
fold increase vs control, p<0.05). Altogether,
these data indicate that the brain RAS regulates
energy homeostasis. The changes noted in Ren-
b KO mice may be due to activation of the brain
RAS. The activation of BAT SNA and the
subsequent increase in UCP1 levels likely
contributes to the metabolic phenotype
observed in Ren-b KO mice. Dysregulation of
Ren-b may be an important pathophysiological
mechanism involved not only in the
development of neurogenic hypertension, but
also in obesity and other metabolic diseases.
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At; Receptor on Glutamatergic Neurons
Regulate Autonomic Function Through
Modulation of Neuronal Excitability and
Sympathetic Outflow

PrimaryAuthor.AuthorBlock:Jiaxi Xu, LSU Health
Sciences Ctr-NO, New Orleans, LA; Adrien
Molinas, Andrea Zsombok, Tulane Univ Sch of
Med, New Orleans, LA; Eric Lazartigues, LSU
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Using a mouse model with Angiotensin Il type 1
receptor (AT1.R) deletion from the central
nervous system neurons, we previously
reported attenuated hypertension, improved
autonomic function, and importantly, blunted
ADAM17 (A Disintegrin And Metalloprotease
17) activation after deoxycorticosterone-salt
treatment (DOCA 1mg/g body weight sc + 1%
saline po for 3 weeks) compared to their control
littermates. Since neuronal AT1.R has a pivotal
role in ADAM17-mediated ACE2 shedding and
the maintenance of neurogenic hypertension,
we further investigated the role of central AT1.R
and ADAM17 in excitatory neurons. New mouse
models were generated with deletion of AT1.R
(AT1G) or ADAM17 (A17G) specifically from
glutamatergic neurons. AT1G (n=9), A17G (n=9),
and their control littermates (n=10) were
implanted with telemetry probes for continuous
recording of blood pressure. Following DOCA-
salt treatment, both strains showed increased
mean arterial pressure, however the pressor
responses were significantly lower in both
transgenic lines (AT1G: +16 £3 mmHg, A17G:
+21 +3 mmHg), compared to the controls (+31
+2 mmHg). Meanwhile, the pulse pressure in
the AT1G and A17G mice were not significantly
increased compared to their baseline, while it
was elevated in the control littermates by
around 20 mmHg (P<0.01). In addition to a



reduced hypertension, AT1G mice exhibited
preserved baroreflex sensitivity and autonomic
function at the end of the DOCA-salt protocol.
The DOCA-salt-induced dysautonomia was also
attenuated in A17G mice but still exhibited
decreased cardiac parasympathetic tone and
increased vascular sympathetic tone, indicating
that glutamatergic AT1R can modulate
autonomic regulation independently of
ADAM17. To further dissect this mechanism,
patch-clamp recording was performed in AT1G
and control mice. Interestingly, lower action
potential frequency was recorded in kidney-
projecting PVN neurons of AT1G mice (0.43
+0.06 vs. 2.04 +0.96 Hz, n=3, P=0.01),
suggesting that AT1.R-knockdown neurons have
a lower excitability compared to controls.
Altogether, our data provide evidence that
AT1.R located on glutamatergic neurons
regulate autonomic function and the
development of hypertension through
ADAM17-dependent and independent
pathways.
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A Simple Algorithm Identifies Hypertensive
Patients Who Benefit From Intensive Blood
Pressure Lowering

PrimaryAuthor.AuthorBlock:Shidan Wang,
Rohan Khera, Sandeep Das, Rebecca Vigen, Tao

Wang, Xin Luo, Rong Lu, Xiaowei Zhan,
Guanghua Xiao, Wanpen Vongpatanasin, Yang
Xie, Univ of Texas Southwestern Medical Ctr,
Dallas, TX

Background Large randomized trials have
provided inconsistent evidence regarding the
benefit of intensive BP lowering in hypertensive
patients. Identifying which patients derive a
higher net benefit is essential in informing
clinical decision-making. Objectives To assess
whether stratification by cardiovascular disease
(CVD) risk will identify patients with a more
favorable risk/benefit profile for intensive BP
lowering. Methods We used patient-level data
from two trials that tested intensive vs.
standard BP lowering: SPRINT and ACCORD.
Within SPRINT, we selected a subset of patients
at extremes of major adverse cardiovascular
event (MACE) rates to develop a decision-tree
using recursive partitioning modeling. We then
validated its predictive effects in the remaining
‘intermediate’ SPRINT subset (n=8,357) and
externally in ACCORD (n=2,258). Results
Recursive partitioning produced a three-
variable decision-tree model consisting of
age>74 years, urinary albumin/creatinine ratio
(UACR) 234, and history of clinical CVD. It
classified 48.6% of SPRINT and 55.3% of
ACCORD patients as “high-risk”. Compared with
standard treatment, intensive BP lowering was
associated with lower rates of MACE in this
high-risk population in both SPRINT cross-
validation data (HR=0.66, 95% Cl 0.52-0.85) and
ACCORD (HR=0.67, 95% Cl 0.50-0.90), but not in
the remaining low-risk patients (SPRINT:
HR=0.83, 95% Cl 0.56-1.25; ACCORD: HR=1.09,
95% Cl 0.64-1.83). Additionally, intensive BP
lowering did not confer an excess risk of serious
adverse events in the high-risk group.
Conclusions A simple risk prediction model
consisting of age, UACR, and clinical CVD history
successfully identified a subset of hypertensive
patients who derived a more favorable
risk/benefit profile for intensive BP lowering.
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Nocturia as an Unrecognized Symptom of
Uncontrolled Hypertension in Middle-age
Black Men

PrimaryAuthor.AuthorBlock:Ronald G Victor,
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Rashid, Cedars Sinai Medical Ctr, Los Angeles,
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Hypertension (HTN) is assumed to be
asymptomatic (“the silent killer”). Yet nocturia -
awakening at night to urinate - is bothersome if
occurring > 2 times/night and constitutes a
putative but understudied symptom of HTN.
Hypertensive black men may be especially
prone to nocturia due to high sodium diet,
blunted nocturnal blood pressure (BP) dipping
(driving pressure-natriuresis), diuretic BP drugs,
and common comorbid determinants of
nocturia (prostate disease, diabetes, sleep
apnea). To test if uncontrolled HTN is an
independent, common, and potentially
reversible determinant of nocturia in black men,
we conducted in-person structured interviews
and measured BP with a highly-rated
automated monitor (that took 5 readings and
averaged the last 3) in a large community-based
sample of black men in their barbershops, a
uniquely relaxed social setting to obtain high
participation and accurate out-of-office BP. As

nocturia is steeply age-dependent, we studied
younger men ages 35 to 49 Y in whom nocturia
would be unexpected. Among 1,748 black men,
mean age 434 (SD) years, 45% (782 of 1748)
had HTN; of these, HTN was: controlled with
drugs (barbershop BP < 135/85 mmHg) in only
16% (123 of 782). Nocturia prevalence ranged
from 24% (232 of 966) of normotensive men to
50% (96 of 191) of men whose HTN was drug-
treated but still uncontrolled. Using
normotensive men (BP 120+£9/7117) as the
reference group and adjusting for all known
nocturia determinants, the odds of having
nocturia (> 2 episodes/night vs. 0-1) was: (1)
34% higher in men with untreated HTN (BP
143+11/87+10): adjusted odds ratio (aOR) 1.34
(95% confidence intervals [Cl]: 1.04-1.71,
p=.02); (2) 174% higher in men with treated but
uncontrolled HTN (BP 148+14/91+11): aOR 2.74
(95% Cl:1.97-3.82, p<.001); but (3) not
increased in men whose HTN was both treated
and controlled (BP 123+8/74+7): aOR 1.24 (95%
Cl: 0.81-1.89, p=.32). Thus, in the largest study
of nocturia in black men to date and the only
one to measure BP, the data show that
nocturia—a bothersome symptom—often
signifies uncontrolled HTN in black men ages 35
to 49 Y. Because nocturia is far more likely
when HTN is inadequately treated than when
untreated, the data also suggest that nocturia
may be a side-effect of BP drugs unless strict BP
control is achieved.
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Improved Blood Pressure Control and High
Adherence to a Novel Management Model of



Hypertension Care in a West African
Population

PrimaryAuthor.AuthorBlock:lsaac Owusu,
Kwame Nkrumah Univ of Sciences and
Technology, Kumasi, Ghana; Fred Adomako-
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Background: Logistic and socioeconomic
barriers limit effective blood pressure (BP)
control in many parts of Sub-Saharan Africa,
including the Republic of Ghana. We tested a
novel hypertension management model of care
designed for resource-limited settings. Methods
and Results: The “Akoma Pa” model was
developed using human-centered design
methodology involving patients, physicians, and
nurses. The model consisted of a mobile tablet,
BP machine and a novel software application in
a unique platform to allow for longitudinal
patient management. Patients were provided
with a tailored hypertension management plan
based on their enrollment comorbidities and
risk factors. A cohort of 150 hypertensive
patients (5718 years; 73% female) accessed
regular blood pressure assessments at a local
pharmacy and received real-time automated
feedback based on their individualized plan. On
the mobile application, clinicians were able to
view patient data, provide patients with
feedback via SMS on their condition, and write
electronic prescriptions which could be
accessed by participating pharmacies. Average
baseline BP was 135+18/84+10 mmHg in the
overall cohort and 153+£13/90+£11 mmHg in the
subgroup with uncontrolled hypertension
(n=58). After 6 months of voluntary weekly
monitoring, systolic blood pressure decreased
significantly (p<0.01) in the overall cohort (-
4.7+18.7 mmHg) and in the uncontrolled

subgroup (-15.2+17.6mmHg). Systolic blood
pressure remained constant in the sub group
with controlled pressure at baseline. The
proportion of the population with uncontrolled
hypertension decreased from 39% to 27%
(p=0.01). Patient compliance with weekly BP
assessments was 61% and 2,855 BP
assessments were conducted. During 33 of the
2,855 BP assessments (1% of pharmacy visits),
the software application directly referred
patients to a health facility (33 visits in 25
patients). Improvement in overall health
awareness was reported in 82% of the
participants and 95% of participants indicated a
desire to continue using this model in the
future. Conclusions: Compliance and
satisfaction with this multifaceted hypertension
care model were high and led to significant and
sustained decreases in blood pressure in this
West African hypertensive population.
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Global SYMPLICITY Registry: 3 Year Safety and
Efficacy Data

PrimaryAuthor.AuthorBlock:Michael B6hm,
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The objective of the Global SYMPLICITY Registry
(GSR) is to collect and analyze real-world data
on the safety and efficacy of renal denervation
(RDN) using either the original Symplicity Flex™
renal denervation catheter or the newer-
generation Symplicity Spyral™ catheter, which
simultaneously applies energy to each renal
artery quadrant.

GSR is a prospective, multi-center, non-
randomized international RDN registry for
patients with uncontrolled hypertension. In-
office and ambulatory blood pressure
measurements, clinical assessment and blood
tests are among the data collected. To date,
there are 2237 patients treated with the
Symplicity Flex™ catheter with 6 month follow
up and 1199 patients with 36 month follow up.
Baseline demographics for this cohort included
a mean age of 60.8 + 11.9 years, 58.0% male
and baseline eGFR of 76.3 + 25.0 mL/min/1.73
m2. At 36 months, reduction in office systolic
blood pressure (OSBP) was -16.5 mm Hg
(N=872). A smaller subset of patients was
treated with the Symplicity Spyral™ catheter,
and 174 of these patients had blood pressure
measurements at 12 months, with a reduction
in OSBP of -16.3 mm Hg. Reductions in
ambulatory blood pressure measurements
(ABPM) were sustained for both cohorts as

shown in Figure 1. Rate of renal artery re-
intervention at 36 months was 0.8% (10/1199)
for Symplicity Flex™ and 0.0% (0/211) for
Symplicity Spyral™.

Reductions in OSBP and ABPM were sustained
to 36 months for patients who had RDN
treatment with the Flex catheter. A subset of
patients that received treatment with the Spyral
catheter also saw reductions in blood pressure
measurements. Rate of renal artery re-
intervention was low for both groups.
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Can Hypertension Control be Improved Within
a Short Time Frame? - Results From
Implementing the Measure Accurately, Act
Rapidly and Partner With Patients (MAP)
Program

PrimaryAuthor.AuthorBlock:Brent Egan, Univ of
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Greenville, SC; Michael Rakotz, American
Medical Association, Chicago, IL; R. Bruce
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Chicago, IL

Objective: Evaluate a multifaceted quality
improvement program with evidenced-based
interventions for Measuring blood pressure (BP,
mm Hg) accurately, Acting rapidly to manage
uncontrolled BP, and Partnering with patients
to promote BP self-management (MAP) in
primary care. Methods: Study design: Quasi-
experimental, pre-post intervention, design. BP
control and BPs of uncontrolled patients were
compared at baseline, February 2015[A1] to
May 2016, at the last visit of the next 6
months.. Measure accurately included training
staff in BP measurement. If attended BP was

>140/90, unattended, automated office (AO) BP
was obtained. Act rapidly included
intensification of BP meds when unattended
AOBP was >140/90 assessed by percent of visits
with uncontrolled BP and no treatment change
(therapeutic inertia). Partner with patients
including BP self-monitoring and using low-
priced generic BP meds assessed indirectly by
the fall in systolic BP (SBP) per therapeutic
intensification. Population Studied:
Hypertensive patients (21,035) from 16
practices who had a visit during the baseline
period and either no visit (4,691) or at least one
visit (16,344) during the program. Results: BP
control rose from 65.6% (13,790 of 21,035) to
74.8% (12,234 of 16,344) (p<.001); 12 of 16
practices had significant increases in BP control.
In uncontrolled patients at baseline, mean
SBP/DBP fell from 149/85 to 139/80
(p<.001/p<.001). Measure accurately lowered
SBP 12.8 mm Hg (p<.001) in uncontrolled
patients with better technique in attended BP
reducing SBP >6.5 mm Hg per practice; while
unattended AOBP lowered SBP 8.6 mm Hg
(p<.001). Therapeutic inertia was unchanged
(50.2% vs. 48.4%; p=.10); the mean fall in SBP
per therapeutic change increased from 5.4 to
14.0 mm Hg (p<.001). Conclusions: MAP was
associated with significant improvement in
hypertension control in primary care during a
six-month period. The decrease in SBP and
improved control were largely explained by
Measure accurately and Partner with patients
as therapeutic inertia (Act rapidly) did not
change. Evidence-based strategies in MAP
provide opportunities for primary care practices
to quickly improve hypertension control toward
the national goals of 80%, and importantly to
reduce cardiovascular risk.
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Predicting the Risk of Apparent Treatment
Resistant Hypertension: A Retrospective,
Longitudinal, Cohort Study in an Urban
Hypertension Referral Clinic Setting
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Background: Apparent treatment resistant
hypertension (aTRH) is associated with
increased prevalence of secondary
hypertension and adverse pressure-related
clinical outcomes. We previously showed that
cross-sectional prevalence estimates of aTRH
are lower than its true prevalence as patients
with uncontrolled hypertension undergoing
intensification/optimization of therapy will,
over time, increasingly satisfy diagnostic criteria
for aTRH.

Methods: aTRH (SBP and/or DBP at or above a
clinically defined goal BP [140/90, 130/85,
130/80, or 125/75 mmHg] over two consecutive
office visits when on = 3 antihypertensive drug
classes, including a diuretic; or SBP and DBP
below goal when on > 4 drug classes, including
a diuretic) was assessed in an urban referral
hypertension clinic in 924 patients > 30 years
old (57.7 £ 12.6) with at least two follow-up
visits over 240 days. Patients were mostly
African-American (86%; 795/924) and female
(65%; 601/924). A minority (28.7%; 265/924)

were taking diuretics at their index visit, and
analyses were stratified according to this use.
Risk for aTRH was estimated using logistic
regression with patient characteristics at index
visit as predictors. Performance of this risk
score at discriminating aTRH status over follow-
up was assessed using AUC and was internally
validated using bootstrapping.

Results: Amongst those on diuretics, 80/265
(30.2%) developed aTRH; the risk score
discriminated well (AUC = 0.79, bootstrapped
95% Cl [0.73, 0.84]). In patients not on a
diuretic, 151/659 (22.9%) developed aTRH, and
the risk score showed moderate, but
significantly lower, discriminative ability (AUC =
0.71[0.66, 0.74]; p < 0.001). In the diuretic and
non-diuretic cohorts, 43/265 (16.2%) and
101/265 (38.1%) of patients, respectively, had
estimated risks for development of aTRH < 10%.
Of these low-risk patients, 42/43 (97.7%) and
97/101 (96.0%) did not develop aTRH (negative
predictive value, diuretics — 0.95 [0.93, 1.00], no
diuretics —0.96 [0.91, 1.00]).

Conclusions: We created a novel clinical score
that discriminates well between those who will
and will not develop aTRH, especially amongst
those taking diuretics initially. Irrespective of
diuretic treatment status, a low risk score had
very high negative predictive value.
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Digital Solution Assisted Retail Pharmacists in
Community Hypertension Control in China: A
Real World Study of Large Samples

PrimaryAuthor.AuthorBlock:Wenhao Qu,
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Carelinker Co., Ltd., Shanghai, China

Objective: To identify the effects of a digital
healthcare solution for hypertension
management at retail pharmacies by
pharmacists. Methods: We developed a digital
healthcare solution that includes BP
telemonitor, an App, and a cloud database with
algorithms to assist: 1) CVD risk screening, 2)
personalized meal planning, 3) personalized
health coaching, and 4) medication guidance
and compliance during the pharmacy
consultation service. This solution has been
implemented in 5,067 retail pharmacies in 141
cities in China as a decision support system to
help pharmacists manage their hypertensive
members. During Jan 1% 2015 to Dec 31t 2016,
a total of 1,817,594 patients received in-store
hypertension care and 23,024 of them were
selected in this analysis following 4 inclusion
criteria: 1) baseline BP was hypertensive (>
140/90 mm Hg), 2) the frequency of in-store
hypertensive care was > 1 time per month, 3)
the intervention duration between the first- and
last-time hypertensive care was 2 1 month, and
4) baseline characteristics were complete.
Dynamic changes of SBP, DBP, disease staging,
and population distribution over time were the
major end points in this real-world,
retrospective analysis. Results: SBP and DBP of
the study population (n=23,024) were reduced
on average by 11.2 mm Hg (baseline: 151.7 +
14.8 mm Hg, last time: 140.5 + 18.8 mm Hg, P<
0.001) and 6.3 mm Hg (baseline: 91.2 £ 11.9
mm Hg, last time: 84.9 + 12.7 mm Hg, P<0.001),
respectively. A total of 13,001 (56.5%) patients

demonstrated improved hypertension stages by
the last time BP measures with 9,625 (41.8%) of
them returning to the normal range. The
principal BP control effect took place after the
first-time intervention, followed by gradual BP
reduction over time. Simulation analysis
revealed linear descending relationship of both
SBP and DBP to time, and the concentration
distributions were moving towards the normal
BP level. The linear fitting functions were: SBP,
Y = -0.103x + 140.278; DBP, Y = -0.060x +
84.799. Conclusion: Digital healthcare solution
is effective in assisting retail pharmacists to
deliver community hypertension care in real
world.
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Comparing Strategies to Improve Systolic
Blood Pressure Over 10 Years: A Simulation
Study Using the Blood Pressure Control Model
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Background: Uncontrolled hypertension
increases patients’ risk for cardiovascular and
kidney disease. This study compared strategies
to improve systolic blood pressure (SBP) among
1000 simulated patients with uncontrolled
hypertension (SBP >=140 mmHg) from the
National Health and Nutrition Examination
Survey (NHANES).



Methods: The Blood Pressure Control Model
(BPCM) is a microsimulation, health state
transition model that predicts the weekly SBP of
patients receiving usual care. In the BPCM,
patient SBPs are estimated using office visit
frequency, measured SBP accuracy and
variability, probability of treatment
intensification with uncontrolled SBP, effect of
antihypertensive medications, and adherence.
BPCM inputs are derived from national survey
data, meta-analyses, and other published
literature. The effects of usual care on SBP were
compared to 10% and 50% increases in global
strategies for SBP control (i.e., visit frequency,
treatment intensification, and/or adherence)
over 10 years. SBP outcomes were validated
against published literature values of 44-46%
prior to implementation (i.e., usual care) and
74-80% 8-10 years after implementation of
aggressive hypertension management programs
in large health systems.

Results: In the simulated NHANES population,
the mean (SD) age was 61.1 (14.6), 52% were
male, and mean baseline SBP was 153.2 (13.6)
mmHg. Under usual care, the BPCM estimated a
mean SBP of 140.1 (16.4) mmHg and 49% of
patients achieving SBP <140 mmHg after 10
years. Compared to usual care, 50%
improvements in global strategies resulted in
more rapid reductions in SBP and earlier
achievement of SBP control. Simultaneously
improving all global strategies by 50% resulted
in an estimated mean SBP of 132.4 (15.5)
mmHg with 71% achieving control after 10
years.

Conclusions: Usual care and intervention BPCM
predictions are consistent with hypertension
control rates observed in contemporary
national surveys and the observed results of
recent systematic hypertension control
improvement programs. These results show the
BPCM may be used by health system planners
to project the impact of implementing
hypertension control strategies.
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Knockout of Matrix Metalloproteinase 9
Protects Against Hypertension-induced Renal
Disease in Hypertensive Dahl S Rats

PrimaryAuthor.AuthorBlock:Chao Zhang, Paige
N Mims, Univ of Mississippi Medical Ctr,
Jackson, MS; Tongyu Zhu, Zhongshan Hosp,
Fudan Univ, Shanghai, China; Fan Fan, Richard J
Roman, Univ of Mississippi Medical Ctr, Jackson,
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Matrix metalloproteinase 9 (MMP9) is a
member of gelatinase family of enzymes with
potentially opposing actions on tissue fibrosis
(i.e. the degradation of extracellular matrix).
Our previous study showed that two
nonselective MMP inhibitors, XLO81 and XL784,
which inhibit MMP2, 9, 13 and Adam10 could
delay and even reverse the development of
renal fibrosis in hypertensive Dahl Salt sensitive
(SS) rats. However, the specific role of MMP9 to
the development of hypertensive nephropathy
in MMP9 knockout (KO) rat models is unknown.
In the present study, MMP9 KO rats were
created on the SS genetic background using a
CRISPR/Cas 9 system and the effect of KO was
verified in this model. The systolic pressure,
diastolic pressure and mean blood pressure
(MAP) were similar in 12 weeks old MMP9 KO
(n=6) and SS rats (n=9) fed a low salt diet (145 +
3vs. 148 + 2mmHg; 111 + 2 vs. 107 £ 2mmHg;
128 £ 2 vs. 126 £ 2mmHg). MAP increased to
180 + 4 vs. 154 £+ 3mmHg in SS rats versus
MMP9 KO rats fed 8% high salt (HS) diet for 3
weeks. Proteinuria increased from 196 + 18



mg/day to 718 + 61mg/day in HS treated SSrats
(n=9). It was significantly reduced in HS treated
MMP9 KO rats (211 + 30mg/day, n=6). The
degree of glomerular injury (2.88 + 0.08 vs. 3.52
+ 0.02), interstitial fibrosis (4.57 + 0.35% vs.
10.45 + 0.55%), vascular wall-to-lumen ratio
(0.63 £0.04 vs. 1.22 + 0.08) and protein cast
area (6.40 £ 0.07% vs. 20.27 + 2.65%) were all
significantly reduced in MMP9 KO rats (n=6)
versus the corresponding values in SS rats (n=6)
fed 8% HS diet for 3 weeks. Autoregulation of
renal blood flow (RBF) to elevations in perfusion
was impaired in SS rats prior to the
development of hypertension, for RBF rose by
20.6 * 3.6% (n=8) when MAP was increased
from 110 to 150 mmHg. Autoregulation of RBF
was restored in MMP9 KO rats and only
increased by 7% when pressure was increased
over the same range. In contrast, there was no
difference in the fall in RBF in SS versus MMP9
KO rats when pressure was reduced from 110 to
50 mmHg. These findings suggest that knockout
of MMP9 in SS rats restores autoregulation of
RBF and opposes the development of
hypertension, proteinuria, glomerular injury
and renal interstitial fibrosis.
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Augmenting Renal Lymphatic Vessel Density
Prevents Salt-sensitive Hypertension in Mice

PrimaryAuthor.AuthorBlock:Dakshnapriya
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Gabriella R Abouelkheir, Alexandra H Lopez,
Kayla R Hudson, Eric R Johnson, Victoria C
Garza, Reem A Daboul, Joseph M Rutkowski,
Brett M Mitchell, Texas A&M Univ Health
Science Ctr, College Station, TX

Salt-sensitive hypertension (SSHTN) is
associated with renal immune cell infiltration
and interstitial inflammation. Lymphatic vessels
drain the interstitial compartment and traffic
immune cells to draining lymph nodes; however
little is known about the role of lymphatics and
immune cell trafficking in the kidney during
SSHTN. Our hypotheses were that renal
lymphatic vessel density is increased in mice
with SSHTN and that further augmenting renal
lymphatic vessels will prevent SSHTN. SSHTN
mice were made by administering L-NAME for
two weeks, followed by a two week washout,
and then were fed a 4% high salt diet for three
weeks. Compared to control mice, mice with
SSHTN (SBP: 103+3 vs. 13612 mmHg; p<0.05)
had markedly increased renal lymphatic vessel
density. Kidneys of SSHTN mice had significantly
increased gene expression of the lymphatic
vessel marker Lyvel, the macrophage marker
Adgrel (F4/80), the Th1l cell marker Thbx21, and
the pro-inflammatory cytokine //6 while
expression of the immune cell-lymphatic
chemokine receptor Ccr7 was decreased
significantly. Mice solely fed a 4% salt diet for
three weeks did not exhibit hypertension or
increased renal lymphatic vessel density. To
determine whether augmenting renal lymphatic



vessels prior to the high salt diet could prevent
SSHTN, we used transgenic mice that
overexpress the lymphangiogenic signal VEGF-D
only in the kidney under the control of
doxycycline (KidVD+ mice) and thus exhibit
renal lymphangiogenesis. Doxycycline initiated
one week prior to the high salt diet prevented
SSHTN in KidVD+ mice while having no effect on
blood pressure in KidVD- mice (SBP: 11744 vs.
13945 mmHg; p<0.05). Renal gene expression
of Tbx21 was decreased in KidVD+ mice while
Ccr7 gene expression was increased
significantly. These data demonstrate that renal
lymphatic vessel density is increased in SSHTN
and that augmenting renal lymphatic vessel
density prior to a high salt diet can prevent
SSHTN by improving renal immune cell
exfiltration.
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Smooth Muscle PPARy Mutation Causes Salt-
sensitive Hypertension

PrimaryAuthor.AuthorBlock:Jing Wu, Larry N
Agbor, Masashi Mukohda, Anand R Nair, Pablo
Nakagawa, Justin L Grobe, Curt D Sigmund, Univ
of lowa, lowa City, IA

Abnormal increase in renal salt retention is
traditionally believed to be an early
pathophysiological event in the causation of
salt-sensitive hypertension, whereas increase in
systemic vascular resistance (SVR) is a
secondary response caused by autoregulation.

However, recent studies show that salt-
resistant subjects vasodilate and reduce SVR
during salt loading, while salt-sensitive humans
fail to vasodilate and exhibit salt-induced blood
pressure (BP) elevation. Therefore, we tested
the hypothesis that primary vascular
dysfunction predisposes to salt sensitive
hypertension. We used mice with smooth
muscle-specific expression of a human
hypertension-causing mutation in PPARy P467L
(S-P467L). S-P467L transgenic mice and non-
transgenic controls (NT) were fed regular diet
(0.4% salt) or high salt diet (4% salt) for 4
weeks. S-P467L mice, but not NT controls,
exhibited severe impairment in acetylcholine-
and sodium nitroprusside-induced
vasorelaxation (31+4.9% S-P467L salt vs.
7049.5% regular diet, maximal relaxation at 30
UM acetylcholine). This was associated with
salt-induced systolic BP elevation in S-P467L
mice (142+5 mmHg salt vs 127+2 mmHg regular
diet), but not in NT mice (120+2.7 mmHg salt vs
115+4.0 mmHg). These changes were not due
to differences in food intake, weight gain or
renal sympathetic nerve activity between the
two strains. In the 3™ week of high salt diet, S-
P467L mice and NT controls both had increased
water intake by 3-fold compared to those on
regular diet; however, S-P467L mice excreted
32% less urine and produced 36% less NO in the
kidney as indicated by 24-hour urinary
nitrate/nitrite. To assess renal function, mice
were subjected to an acute saline challenge
(10% body weight, i.p. injection). S-P467L mice
exhibited a marked decline in their capacity to
excrete this volume/sodium load, indicative of
renal dysfunction. Of note, the impaired
vasorelaxation in S-P467L occurred as early as
day 3 of high salt diet, while renal dysfunction
did not develop until day 10, suggesting that
vascular dysfunction may serve as an initiation
mechanism that reinforces salt-induced
hemodynamic changes. These data supports the
concept that vascular dysfunction may



predispose to renal abnormalities including
increased salt sensitivity.
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Tissue-specific Deletion of Collectrin in the
Proximal Tubular Epithelium Increases Arterial
Pressure and Augments Salt-sensitivity
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Background: Collectrin (Tmem27) is a key
regulator of blood pressure (BP) and modulator
of the bioavailability of nitric oxide (NO) and
superoxide. It is highly expressed in the kidney
in the proximal tubule (PT), collecting duct, and
throughout the vascular endothelium. We
reported that collectrin plays a critical role as a
chaperone for the reabsorption of all amino

acids (AAs) in the PT, and for the uptake of the
cationic AA L-arginine (L-Arg) in endothelial
cells. Global collectrin knockout (Tmem27%")
mice display baseline hypertension (HTN),
augmented salt-sensitive hypertension (SSH),
and decreased renal blood flow. Objective and
Methods: To determine the PT-specific effect of
collectrin on BP homeostasis and salt sensitivity,
we used the Cre-loxP approach and PEPCK-Cre
to generate a mouse line lacking collectrin
specifically in the PT-- PEPCK-Cre*Tmem?27"/flx
mice. PEPCK-Cre Tmem27"F°*mice were used
as control. Radiotelemetry was used to measure
BP for 2 weeks at baseline and 2 weeks on high
salt diet (HSD). Renal blood flow at baseline and
on HSD was measured using contrast enhanced
ultrasound in the same mice. Results:
Successful deletion of collectrin in the PT was
confirmed by assessing mRNA levels using real-
time RT-PCR, immunohistochemistry staining of
renal tissues using anti-collectrin antibody, and
guantitation of protein from kidney cortex by
Western analysis. Compared to control PEPCK-
Cre' Tmem27"7#°*mice (n=6), PEPCK-
Cre*Tmem?27"F°*mice (n=6) displayed
significantly higher systolic BP (SBP) at baseline
(120.0+2.5vs 131.6 + 2.9 mm Hg; p = 0.014)
and after HSD (135.3+ 2.6 vs 151.5+ 5.2 mm
Hg; p = 0.019). Renal blood flow was not
different between groups, at baseline nor after
HSD. Conclusion: Collectrin in the PT plays an
important role in blood pressure homeostasis
and response to sodium intake, independent of
renal blood flow. Increasing proximal tubular
collectrin activity may be a novel therapeutic
strategy for the treatment of hypertension and
salt-sensitivity.
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Loss of Salt Sensing Kinase, SGK1, in T Cells
Abrogates Memory T Cell Formation,
Hypertension, and End-organ Damage

PrimaryAuthor.AuthorBlock:Hana A Itani,
Arvind Pandey, Allison E. Norlander, Meenakshi
S. Madhur, David G. Harrison, Vanderbilt Univ
Medical Ctr, Nashville, TN

Accumulating evidence indicates that NaCl can
be concentrated in tissues with high salt-intake,
age and in the setting of hypertension. Elevated
NaCl has been shown to promote Ty17 cell
formation in an SGK1-dependent fashion. We
have previously shown that Memory T cells play
a major role in the genesis of hypertension.
These long-lived cells remain responsive to
repeated hypertensive stimuli, such as salt
feeding, and can be mobilized to enter the
kidney where they release cytokines that
promote renal dysfunction. To examine
mechanisms by which T cells sense salt and
contribute to salt-sensitivity, we tested the
hypothesis that SGK1 in T cells is necessary for
formation of memory T cells and their
activation in salt-sensitive hypertension. To
study the role of SKG1 in hypertension, we
produced mice with T cell specific deletion of
SGK1, SGK1x tgt®4e mice and used SGK1/
mice as controls. To impose repeated episodes
of hypertension, we treated these mice with L-
NAME (0.5mg/ml) in drinking water for two
weeks, allowed a two-week normotensive
interval and a then fed high salt (4% NaCl) for
three weeks. L-NAME followed by high salt
increased memory T cells in the kidney, aorta
and bone marrow of SGK1%f control mice but
not in SGK1%/f x tgP4¢ mice, as identified by the
surface marker CD44". To assess markers of
renal injury, we measured albumin in 24-hour
urine samples collected at the end of the L-
NAME/high salt. L-NAME/high salt caused
striking albuminuria in SGK1"" mice and was

absent in SGK1"/f x tg®* mice. In additional
studies, we found that loss of SGK1 in T cells
abrogates renal and vascular inflammation and
protects against hypertensive renal and
vascular injury in the L-NAME/high salt model.
Thus, our data provide a potential mechanism
by which SGK1 in T cells promotes their
development of salt sensitivity and their
mediation of renal and vascular dysfunction in
hypertension.
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Decreased Ability to Excrete a Na Load and
Hypertension in the ALMS1 (Alstrom Syndrome
1) Knockout Rat
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Few genes involved in obesity are known to be
involved in hypertension. The Alstrom
Syndrome 1 protein (ALMS1) is involved in
obesity in humans. We found it is expressed in
the thick ascending limb (TAL) where it interacts
with the Na/K/2Cl cotransporter (NKCC2).
ALMS1 is also expressed in other nephron
segments such as the proximal tubule and
collecting ducts. We hypothesized that ALMS1
deletion leads to hypertension which is likely
due to a decrease ability to excrete a salt load
secondary to enhanced NaCl transport by the



TAL and other nephron segments. To study the
role of ALMS1 in renal function we generated
ALMS1 knockout (KO) rats in a Dahl-salt
sensitive genetic background via zinc-finger
nuclease targeting by MCW gene targeting core.
Using radio-telemetry we found the KO rats to
have a higher baseline systolic blood pressure
on normal Na chow compared to the Wild-type
salt sensitive (WT) rats (KO:146+2 and
WT:136+1 mmHg, *p=0.0012). To explore
whether hypertension is related to increase
renal Na reabsorption in KO rats we performed
metabolic cage protocols to measure the acute
excretion of a Na load (1% of body weight) in
conscious rats. Our data show that it took
longer for KO rats to excrete the Na load;
cumulative or at individual time points (6, 9, 24
h) (cumulative Na, KO:4251+590 umols/24h and
WT:8788+994 umols/24h, *p=0.0028). To test
the role of different nephron segments in
higher Na reabsorption we used a single dose of
diuretics and measured urine Na and volume
excretion. The NKCC2 inhibitor bumetanide
(5mg/kg), induced a higher natriuretic response
in KO rats (KO:485.2+37.1 umols/8h,
WT:221.8+32 pmols/8h, *p<0.05). The NCC
inhibitor hydrochlorothiazide (HCTZ) 200mg/kg,
caused a similar natriuretic effect in KO rats
(KO:206.8+16 umols/8h and WT:155.6+20
pmols/8h, p=0.0717). The ENaC inhibitor
benzamil (10mg/kg), caused a similar natriuretic
response in KO rats (KO:214.5+33 umols/8h and
WT:253.4422 umols/8h, p=0.3477). We
conclude that ALMS1 KO have a decreased
ability to excrete a salt load and this is primarily
mediated by enhanced TAL-mediated Na
reabsorption. Higher TAL Na absorption is likely
involved in hypertension in ALMS1 KO rats.
These data show that ALMS1 is important for
blood pressure control and renal function.
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Cerebrovascular and Cognitive Dysfunction in
DOCA-Salt Hypertension is Mediated by
Perivascular Macrophages
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Hypertension (HTN) and high-salt diets are
important risk factors for stroke and dementia.
DOCA-salt is a recognized model of HTN driven
by sodium retention and brain renin-
angiotensin system (RAS) activation. However,
it is unknown whether essential mechanisms
regulating the cerebral circulation are altered in
DOCA-salt mice, and, if so, whether these
alterations are associated with cognitive
impairment. To this end, C57BL/6 mice were
implanted with 50mg DOCA pellets SQ and
received 0.9% NaCl drinking water for 3 weeks.
Cerebral blood flow (CBF) was measured in the
somatosensory cortex by laser-Doppler
flowmetry through a cranial window. DOCA-salt
increased systolic blood pressure (BP; 14813 vs
11243 mmHg in controls; p<0.01), and
attenuated the CBF increase induced by whisker
stimulation (WS; 16.0+1.1 vs 22.4+0.6 %;
p<0.01) or by cortical application of
acetylcholine (ACh; 13.5+0.9 vs 22.8+1.1 %;
p<0.01), without affecting the response to the
smooth muscle relaxant adenosine.
Cerebrovascular dysfunction was associated
with cognitive impairment as assessed by Novel
Object Recognition and Barnes Maze tasks
(p<0.01). Perivascular macrophages (PVM)
express AT1R and Nox2, and, as such, may be a
key source of radicals mediating the
cerebrovascular effects of brain RAS
overactivity. To test this hypothesis, brain PVM
were depleted by icv administration of



clodronate (CLO) liposomes. BP was not
affected by CLO in either control or DOCA mice
(p>0.05). PVM depletion improved novel object
exploration (p<0.01) and time spent in the
target quadrant of Barnes Maze (p<0.05), while
also restoring the CBF responses to both WS
(DOCA-CLO 19.6+0.9%; p<0.05) and ACh (DOCA-
CLO 20.0+1.7%; p<0.05). Next, we tested
whether reactive oxygen species (ROS) are
involved in the cerebrovascular dysfunction. We
observed a 45% upregulation in gp91 mRNA in
cerebral vessels from DOCA mice, which was
prevented by PVM depletion (p<0.05).
Application of the ROS scavenger MnTBAP
rescued CBF responses to both WS (20.3+0.9%;
p<0.05) and ACh (19.0+£0.8%; p<0.05) in DOCA-
salt HTN. We conclude that PVM play a
previously unrecognized role in the
cerebrovascular and cognitive dysfunction of
DOCA-salt HTN and may represent a new
therapeutic target to alleviate the
neurocognitive effects of HTN.
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Therapeutic Suppression of Mtorc2 Signaling
Reduces Salt-induced Hypertension and Kidney
Injury in SS Rats
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The present study explored the protective
effect of mTORC2 inhibition in salt-induced
hypertension and kidney injury. We have
previously reported that enhanced blood
pressure salt-sensitivity with renal chronic
interstitial infusion of H,0, (347 nmol/kg/min)
in normotensive Sprague Dawley (SD) rats. In
the present study, in vivo experiment was
performed in which H,0; (347 nmol/Kg/min)
was chronically infused for 3 days into renal
interstitium of unilaterally nephrectomized SD
rats. A significant increase of mTORC2 activity
(pAKT/AKT) was observed in the renal cortex of
SD rats infused with H,0, compared to saline
infused rats. We have recently shown that
excess production of H,0; in the SS rat kidneys
is the hallmark of salt-induced hypertension.
We hypothesized that mTORC2 in the kidney
contributes to the development of salt-induced
hypertension in SS rats. Rats were treated with
PP242 which is an ATP-competitor inhibitor
which inhibits the activities of both mTORC1
and mTORC2 whereas rapamycin specifically
inhibits mTORC1. PP242 was administrated
daily (i.p., 15 mg/Kg/day) for 21 days to SS rats
fed a 4.0% NaCl diet. Remarkably, salt-induced
hypertension was significantly reduced in SS
rats which averaged 119 + 2 mmHg in PP242
treated rats (n=7) compared to 168 + 3 mmHg
in vehicle treated rats (n=7). Albuminuria was
greatly reduced with urine albumin excretion
(mg/day) averaging 32.8 = 3 in PP242 treated
rats compared to 256 + 37 in vehicle treated
rats. PP242 treatment notably resulted in
reduced infiltration of T lymphocytes in the
kidneys of SS rats fed a 4.0% NaCl diet. CD3*
cells/mm? averaging 157.0 + 40.0 compared to
36.0£11.0in the renal cortex and 218.0 £ 24.0
compared to 24.0 £ 9.0 in the outer medulla in
PP242 versus vehicle treated rats. These data
show that mTORC2 is required for the intiation
of salt-induced hypertension and therapeutic
suppression of this pathway virtually abolished
salt-sensitivity blood pressure and kidney injury.
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Probenecid Downregulates Kidney Pendrin and
AQP-2 and Potentiates Hydrochlorothiazide-
induced Diuresis
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Background: Concurrent inactivation of the
kidney Na-Cl co-transporter NCC and the CI
/HCO3 exchanger pendrin leads to significant
salt wasting, whereas single deletion of NCC
does not cause any significant salt wasting,
indicating that pendrin mitigates the salt
excretion caused by NCC inactivation.
Probenecid is a uricosuric agent that, in
addition, exhibits positive ionotropic effect in
the heart, downregulates/inactivates pendrin
(in mammary gland cells) and blocks the ATP
transporter Pannexin 1 in the proximal tubule
and colleting duct. Hypothesis: Pretreatment
with probenecid downregulates pendrin;
therefore, leaving NCC as the main salt
absorbing transporter in the distal nephron, and
hence enhancing the hydrochlorothiazide
(HCTZ) diuresis. Results: Male Sprague Dawley
rats were treated with probenecid
intraperitoneally (i.p.) at 250 or 100 mg/kg for 6
days and then received HCTZ while being
maintained on probenecid for 4 more days.
Urine output increased from 9.8 at baseline to
15.9 ml/24 hrs after 10 days of Probenecid at
250 mg/kg (p<0.02, n=5). Treatment with HCTZ
alone for 4 days caused a mild diuresis, with
urine output increasing to 13.8 ml/24 hrs

(p>0.05, vs. baseline, n=5) However, rats
pretreated with Probenecid for 6 days exhibited
a profound diuresis when HCTZ was added for 4
additional days, with urine output increasing to
42.9 ml/day, a more than 300% increase vs. rats
treated with either Probenecid or HCTZ
(p<0.003 vs. both groups, n=5). In the absence
of pretreatment with Probenecid, the diuresis
caused by concurrent Probencid plus HCTZ
treatment was similar to HCTZ alone (p>0.05).
Immunofluorescent, Northern and/or Western
hybridization studies demonstrated a significant
reduction in the expression of pendrin and
AQP2 in the kidney cortical collecting
duct/cortex of probenecid treated rats. At 100
mg/kg, Probenecid alone had no significant
effect on urine output but caused a robust
diuresis when HCTZ was added, with the urine
output increasing from 9.93 baseline to 24.23
(p<0.001, n=7). Conclusion: Probenecid
pretreatment downregulates pendrin and AQP2
and robustly enhances diuresis by HCTZ-
mediated NCC inhibition in the distal nephron.
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Role of Nox4 in the Control of ENaC Activity in
Dahl SS Rats During the Development of Salt-
induced Hypertension and Diabetic
Nephropathy
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Dahl salt sensitive (SS) rat is a well-established
model for studying salt-induced hypertension
and associated kidney injury. We and others
have previously shown that salt-sensitive
hypertension is accompanied by increased renal
production of reactive oxygen species (ROS) and
excessive activity of ENaC in the distal nephron.
To investigate role of ROS, and specifically
NADPH oxidase 4 (Nox4), a primary source of
ROS in the kidney, involved in the regulation of
ENaC activity during the development of SS
hypertension and type 1 diabetes, we
performed patch clamp analysis in the cortical
collecting ducts of Dahl SS rats and SS rats
lacking Nox4 (Nox47). We found that SS rats fed
a 4% NaCl diet have significantly elevated ENaC
activity even 3 days post diet change. ENaC
activity (NP,) was 0.5740.08, 1.32+0.3 and
1.69+0.06 before, 3 days and 3 weeks after high
salt diet, respectively. In contrast, ENaC activity
was not significantly different in SSN*/-animals
after high salt diet. To study the role of Nox4 in
hyperglycemic conditions, diabetes was induced
in 6 weeks old male wild type or Nox4™" rats
with a single i.p. injection of STZ. We found that
ENaC activity in the animals that were
hyperglycemic for 11 weeks was elevated
compared to control rats (0.71+0.10 and
1.27+0.2; p<0.05) and this effect was mediated
via changes in channel open probability. Nox4
deficiency blunts the effect of hyperglycemia on
ENaC activity (in STZ-treated animals open
probability significantly increased from
0.43+0.06 to 0.86+0.07 in WT rats, but in the
Nox4” group did not change: P, was 0.51+0.06
and 0.51+0.07, respectively) that delineates the
importance of Nox4-mediated ROS production
for regulation of ENaC open probability. Taken
together, our data indicate that ENaC activity in
Dahl SS rats is elevated following a change of
salt diet (3 days and 3 weeks at high salt) and
after the development of type 1 diabetes.
Furthermore, Nox4 plays a crucial role in these
effects of high salt and hyperglycemia on ENaC
activity.
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Imaging Renin Granule Exocytosis by Total
Internal Reflection (TIRF) Microscopy in Mouse
Juxtaglomerular Cells: Effect of cAMP and Beta
Adrenergic Stimulation

PrimaryAuthor.AuthorBlock:Mariela Mendez,
Henry Ford Hosp, Detroit, Ml

Renin is stored in dense core granules in
juxtaglomerular (JG) cells. Renin release is
highly regulated. However, the kinetics of renin
release and mode of granule exocytosis remains
unexplored. We developed a new method for
real-time visualization of renin granule
exocytosis by TIRF microcopy. We hypothesize
that renin exocytosis is due to a kiss-and-run
mode of exocytosis, where fusion of the granule
with the plasma membrane is transient and
granule integrity is maintained. To study this,
we generated a new adenoviral construct
encoding full length mouse renin tagged with
Carboxyl-terminus yellow fluorescent protein
(Ad-Renin-YFP). First, we characterized its
expression and activity in an endocrine pituitary
cell line that does not express endogenous
renin (Att20 cells). By Western Blot, we
observed a band at the expected molecular
mass of renin-YFP (70 kDa)(n=4). Ad-Renin-YFP
retains its enzymatic activity in Att20 cells since
angiotensin | conversion from angiotensinogen
was only detected in Att20 cells transduced
with renin-YFP (n=3; p<0.01). To monitor
exocytosis of renin-YFP, we transduced primary
cultures of mouse JG cells and monitored
granule movement and their changes in



fluorescence intensity within 250 nm of the
plasma membrane by TIRF microscopy. Under
baseline conditions the average number of
docked granules was 164 granules per cell
(n=12). Translational movement (X-Y planes) of
docked granules was negligible. The number of
events per cell during 10 minutes was low and
no full fusion was detected (1.5 +0.5 total
events per cell, n=4). After stimulation with
cAMP, the number and frequency of events
increased to 5.3+1.0 events per cell/10 min
(n=8, p<0.05). Similarly the number of events
increased to 4.25+0.9 when JG cells were
stimulated with isoproterenol, without a
decrease in the number of granules docked
(n=9). While most (73.5%) of the exocytic
events occurred from docked granules; only
36.5% of events were caused by recruitment of
newcomer granules to the TIRF field. We
conclude that in JG cells, full fusion of granules
is not the main mechanism of renin exocytosis.
The rapid bursts in fluorescence intensity of
docked granules suggest that kiss-and-run is the
main mechanism of stimulated-renin
exocytosis, in a highly regulated process.
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Gamma-adducin Effects on Microvascular
Function- a Common Link of Hypertension
Induced Chronic Kidney Disease and Cognitive
Impairments

PrimaryAuthor.AuthorBlock:Fan Fan, Shaoxun
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Chronic kidney disease (CKD) and cognitive
impairments are common complications of
hypertension. Increasing evidence suggests that
the cognitive impairments associated with CKD
may be related to microvascular dysfunction,
however, the underlying mechanisms remain to
be elucidated. FHH is a genetic model of
hypertension-induced nephropathy. We found
that the myogenic response and autoregulation
of the renal and cerebral circulation is impaired
in FHH rats, and was restored in a FHH.18N
congenic strain in which a small region of Chr. 1
containing 15 genes, including Add3, from BN
rats was transferred into the FHH background.
The present study examined whether Add3
contributes to hypertension related CKD, and is
associated with the development of cognitive
impairments due to microvascular dysfunction.
FHH rats exhibited impaired autoregulation of
RBF in comparison with FHH.1B" rats. Pgc
estimated from the stop flow pressure
increased by 20 mmHg in FHH rats when RPP
was increased from 100 to 140 mmHg versus
only 4 mmHg in FHH.18N, FHH rats developed
severe renal injury, and proteinuria rose from
37 + 2 to 260 + 32 mg/day as they aged from 12
to 21 weeks, but rose by a significant lesser
extent in FHH.18N and FHH.Add3 rats.
Glomerular injury scores were 3.31 £ 0.01, 2.54
+0.01 and 2.50 £ 0.03, and areas of fibrosis in
renal cortex were 23.57 + 1.04%, 8.28 £ 0.33
and 4.71 £ 0.3 in DOCA/salt induced
hypertensive FHH, FHH.18" and FHH.Add3 rats,
respectively. CBF rose by 99 + 7%, 64 + 5% and
42 + 4% in FHH, FHH.1®N and FHH.Add3 rats,
respectively, when MAP was increased from
100 to 190 mmHg, demonstrating impaired
autoregulation of CBF in FHH rats was partially
rescued with the replacement of wildtype Add3.
BBB leakage was greater in FHH rats than in
FHH.18" and FHH.Add3 rats, and hypertensive
FHH rats exhibited marked neurodegeneration
and vascular remodeling of the neocortex and
hippocampus. The hypertensive FHH rats took
2.5 times longer time to escape from an eight-



arm water maze in comparison to FHH.18N rats
suggesting cognitive deficit. These results
indicate that Add3 may play a role in the
development of hypertension related CKD and
cognitive impairments in FHH rats associated
with microvascular dysfunction.
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Reduced Expression, Knockout, and
Pharmacological Intervention of Arhgef11-
RhoA Pathway Significantly Attenuates Renal
Injury and Blood Pressure
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Through genetic analysis of the Dahl salt-
sensitive (SS) rat, a model of hypertension and
chronic kidney disease (CKD), Arhgefl1, a Rho
guanine nucleotide exchange factor was
implicated in kidney injury. Arhgefl1, via
exchange of GDP for GTP, plays a role in the
activation of RhoA signaling cascades through a
number of cell stimuli that impact cytoskeletal

structure and influence cell-cell contacts and
promotes cell transformation. Previously, we
demonstrated that reduced Arhgef11
expression/protein function in an SS-
Arhgef113"R-minimal congenic strain resulted in
significantly decreased proteinuria, fibrosis, and
improved renal hemodynamics compared to SS-
WT, without impacting BP. More recently, an
SS-Arhgef117-knockout rat model was studied.
On low-salt (0.3% NaCl), SS-Arhgef117- animals
demonstrated reduced proteinuria and renal
injury, with no impact on BP versus SS-WT. In
contrast, SS-Arhgef117/-animals on an elevated-
salt diet (2% NaCl) demonstrated a significant
(p<0.001) attenuation of proteinuria (41+7.9
mg/24 hrs.), along with a substantial reduction
in BP (124+2.6 mm Hg) compared to SS-WT
(119%15.3 mg/24 hrs. and 151+5.9 mm Hg). This
data suggests that reduced expression/loss of
Arhgef11 (on low-salt) similarly leads to
renoprotection, whereas the loss of Arhgefl1
(vs reduced expression) leads to blunting of
salt-induced elevations in BP vs SS-WT. These
animal studies, in combination with in vitro
work, suggest that inhibition of Arhgefl1-RhoA
could be an effective therapeutic for CKD. Using
an in vitro cell screen, several hundred natural
product compounds were tested for ability to
inhibit Arhgef11/RhoA activity and identified 3
compounds. A pilot study done using one
compound (sufficient for a one-week study) was
very encouraging as animals treated with XTL-
019-G7 (20mg/kg/day) exhibited an ~25%
reduction in proteinuria compared to vehicle
(VEH) treated animals (70£8.5 versus 9519.6
mg/24hours, p=0.07), demonstrating that in
vivo testing is feasible and that the compound
warrants further testing. In summary, genetic
analysis of a model of CKD identified a
gene/pathway involved in kidney injury that
served as a target to screen natural product
derived small molecules, and may ultimately
lead to a new treatment for CKD.
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A Kidney Targeted Epoxyeicosatrienoic Acid
Analog, EET-F01, Reduces Cisplatin-induced
Nephrotoxicity
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Dallas, TX

Epoxyeicosatrienoic acid (EET) analogs have
exceptional therapeutic potential to combat
cardiovascular and kidney diseases. EET analogs
combat damage in acute and chronic kidney
disease models. Biological actions attributed to
EET analogs such as vasodilation, anti-
inflammation, anti-apoptosis, and anti-fibrosis
are ideally suited to treat kidney diseases.
Although EET analogs have performed well in
several in vivo models, targeted delivery of EET
analogs to the kidney can be reasonably
expected to reduce the level of drug needed to
achieve a therapeutic effect in the kidney and
obviate possible side effects. For EET analog
kidney-targeted delivery, we conjugated an EET
analog to folic acid because there is a high
concentration of folate receptors in renal tissue.
The EET analog was conjugated to folic acid via
a PEG-diamine linker. Next, we compared the
kidney targeted EET analog, EET-FO1, to a well-
studied EET analog, EET-A. EET-A or EET-FO1
was infused i.v. (10mg/kg/hr) for 6 hours via the
rat jugular vein. Plasma and kidney tissue were
collected and EET-A or EET-FO1 measured by LC-
MS-MS. EET-A plasma level was 1.6 ng/mL, but
EET-A was undetectable in the kidney. On the

other hand, EET-FO1 was 6.5 ng/mL in plasma
and 26.7 ng/mL in kidney tissue. These data
demonstrate that EET-FO1 targets the kidney.
Experiments were conducted to compare EET-
FO1 and EET-A to decrease cisplatin-induced
nephrotoxicity. A single injection of cisplatin (7
mg/kg ip) was administered to WKY rats treated
with vehicle, EET-A (10 mg/kg ip) or EET-FO1 (20
mg/kg or 2 mg/kg ip) for five days. Cisplatin
increased BUN (125 = 11 mg/dL) and NAG (12 +
4 |U/L) compared to control (36 £ 9 mg/dL and 4
+ 1 1U/L). EET-FO1 was as effective as EET-A in
decreasing BUN, NAG, and renal histological
injury five days following cisplatin
administration. Despite it almost 2x-greater
molecular weight compared with EET-A, EET-
FO1 was effective in lowering BUN and NAG at
20 mg/kg/d and at a 10-fold lower dose of 2
mg/kg/d. These data clearly demonstrate that
EET-FO1 targets the kidney and allows for a
lower effective dose. In conclusion, we have
developed a kidney targeted EET analog, EET-
FO1, that demonstrates excellent potential as a
therapeutic for kidney diseases.
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Myeloid Mineralocorticoid Receptor Controls
Inflammatory and Fibrotic Responses After
Renal Ischemic Injury via Macrophage
Interleukin-4 Receptor

PrimaryAuthor.AuthorBlock:Jonatan Barrera-
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Introduction: Patients who survive an episode
of acute kidney injury (AKI) are at high risk of de
novo chronic kidney disease (CKD)
development. Pharmacological
mineralocorticoid receptor (MR) antagonism is
useful to prevent CKD after a single episode of
ischemic AKI in the rat. Objective: Test the
involvement of myeloid MR in the development
of kidney fibrosis after an ischemic AKI episode.

Methods: We included 18 male C57/B6 mice
that were divided in: sham, renal ischemia for
22.5 min and IR plus treatment with the non-
steroidal MR antagonist finerenone (10 mg/kg)
at -48, -24 and -1 h before IR. MR inactivation in
myeloid cells (MRMY®) was achieved by crossing
mice with the MR alleles flanked by loxP sites
(MR) with mice expressing the Cre
recombinase under the LysM promoter activity.
In MR”fand MR™¥® mice we induced renal IR of
22.5 min or sham surgery. The mice were
followed-up during 4 weeks to test for AKI to
CKD transition. In another set of mice, the
macrophages were sorted from kidneys after 24
h of reperfusion and flow cytometry
characterization or mRNA extraction was
performed. Thyoglycolate elicited peritoneal
macrophages were used for in vitro studies.
Results: The progression of AKI to CKD after 4
weeks of renal ischemia in the untreated
C57/B6 and MR”f mice was characterized by a
50% increase in plasma creatinine, a 2-fold
increase in the mRNA levels of TGF-p and
fibronectin as well as by severe tubule-
interstitial fibrosis. The mice that received
finerenone or MRMY*© mice were protected
against these alterations. Increased expression
of M2-anti-inflamatory markers in kidney-
isolated macrophages from finerenone-treated
or MRMY* mice was observed. The
inflammatory population of Ly6CMe"
macrophages was reduced by 50%. In
peritoneal macrophages in culture, MR
inhibition promoted increased IL-4 receptor
expression and activation, facilitating
macrophage polarization to an M2 phenotype.
Conclusion: MR antagonism or myeloid MR
deficiency facilitates macrophage polarization
to a M2, anti-inflammatory phenotype after
kidney IR, preventing maladaptive repair and
chronic kidney fibrosis and dysfunction. MR
inhibition acts through the modulation of I1L-4
receptor signaling to facilitate macrophage
phenotype switching.
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Beneficial or Harmful? The Role of Intensive
Anti-hypertensive Treatment in the
Development of Chronic Kidney Disease

PrimaryAuthor.AuthorBlock:Ling Wang, Donna
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Hypertension is the leading cause of end-stage
renal disease, and one of the goals of anti-
hypertensive treatment is to protect the kidney.
However, it is unknown how low of blood
pressure as the treatment target should be so
that anti-hypertensive therapy would not bring
harm to patients especially for those already
suffer from chronic kidney disease (CKD). Thus,
we used the data set from The Systolic Blood
Pressure Intervention Trial (SPRINT) to study
the effect of lowering systolic blood pressure on
renal disease development. The SPRINT data
randomly assigned patients with a systolic
blood pressure (SBP) of 130 mm Hg or higher to
a SBP treatment target of less than 120 mm Hg
(intensive treatment, n=4678) or a treatment
target of less than 140 mm Hg (standard
treatment, n=4683). We examined the effect of
intensive treatment on six renal outcomes: 1)
CKD composite, 2)50 percent reduction in eGFR,
3) dialysis 4) albuminuria, 5) 30 percent
reduction in eGFR for patients with CKD at
baseline (n=2646) and 6) albuminuria for
patients without CKD at baseline (n=6715).
Generalized Estimating Equation is used to
account the correlation of blood pressure levels
over time. At the end of year 1, the mean SBP
was 121.4+ 0.21 mm Hg in the intensive

treatment group and 136.2+ 0.21 mm Hg in the
standard treatment group. The patients in
intensive group were found to have a higher
chance of 30% reduction of eGFR (OR=3.684,
95% Cl= 2.51-5.40) than in standard treatment
group. There was no difference between
intensive and standard treatment groups for
other 5 outcomes. In addition, 1 mm Hg
elevation in SBP in patients with CDK at baseline
significantly increased the chance of CKD
composite (OR=1.03, 95% CI=1.01-1.04), the
chance of 50 percent reduction in eGFR
(OR=1.02, 95% Cl=1.01-1.05), and chance of 30
percent reduction in eGFR (OR=1.02, 95%
Cl=1.01-1.02). Thus, SBP significantly correlated
with renal outcomes in CKD patients. Our data
show that five renal outcomes examined using
SPRINT data set are not improved by intensive
management of SBP in CKD patients, rather,
patients received intensive management have a
higher risk of eGFR reduction by 30%, which
could be detrimental. Our study indicated that
intensive SBP management should not be
recommended to CKD patients.
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Sympathetic Activity Increases With Obesity in
Hypertensive Patients
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Introduction: Obesity is one of the most
important risk factors for the development of
hypertension; the mechanisms by which obesity
raises BP are not fully understood. Obesity leads



to I sympathetic autonomic nervous system
(SANS) activity by several mediators such as
leptin, { nitric oxide, > angiotensin Il,
Jadiponectin, |, ghrelin and baroreflex
dysfunction. Unknown is the role of dopamine,
catecholamines and metanephrines in
hypertensive individuals with obesity indexed
by body mass index (BMI). Methods: In this
prospective evaluation, 195 hypertensive
patients on medications were recruited after 23
clinic visits at University of Alabama at
Birmingham Hypertension Clinic. All patients
underwent measurement of clinic BP, BMI and
24-hr urine for dopamine, total catecholamines
(epinephrine and norepinephrine) and total
metanephrines (metanephrine and
normetanephrine). WHO obesity classification
was used to categorize patients based on BMI
into normal weight (BMI 18.5 to 24.9, n=19);
over-weight (BMI 25 to 29.9, n=45); Class 1
obesity (BMI 30 to 34.9, n=46); Class 2 obesity
(BMI 35 to 39.9, n=44) and Class 3 obesity (BMI
greater than 40, n=36). Results: Overall,
patients were 50% females, 56.8% African
Americans, 58.1 + 11.0 years old, BMI was 34.1
+7.1 Kg/m?, BP was 126.5/79.9 + 20.2/12.3
mmHg and heart rate of 73.5 + 12.5 beats/min
and total number of BP medications were 3.8 =
1.4. 24-hr urinary dopamine, norepinephrine,
total catecholamines, normetanephrine and
total metanephrines increased with increasing
BMI categories.

Conclusions: Increase in BMI is associated with
increasing dopamine, catecholamines and
metanephrines indicative of progressive SANS
activation.
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Primary Hyperadrenergic Postural Tachycardia
Syndrome. Evidence From Sympathetic Nerve
Recordings
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Postural tachycardia syndrome (POTS) is a
chronic disabling condition with excessive
upright tachycardia and symptoms due to
enhanced sympathetic activity in otherwise
healthy young individuals. Because it is not clear
if sympathetic activation is a primary
phenomenon, or an appropriate compensatory
response to hypovolemia, deconditioning or
partial neuropathy, we analyzed resting supine
muscle sympathetic nerve activity (MSNA) in 38
female POTS patients (mean%SD, age 32.1+9.1,
BMI 22.745.4). MSNA showed a wide range of
burst rate (19.7+12.1 bursts/min, range 1.2 to
54,95% Cl: 15.7 to 23.6). We compared the 1%
and 4" Quartiles of 28 MSNA records
(MSNA_Q1: < 7.3; MSNA_Q4: >23.4
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bursts/min) to determine if resting MSNA is
related to heart rate (HR) or blood pressure (BP)
responses to orthostatic challenge and the
Valsalva maneuver (2-way ANOVA with post-
hoc tests).

Upright HR was inappropriately high in both
groups (MSNA_Q1:120+19 vs. MSNA_Q4:
110420 bpm, NS), but the MSNA_Q4 group had
higher upright diastolic BP than MSNA_Q1
(81+12 vs. 6218 mmHg, P<0.01). Similarly, there
were no differences in HR response to the
Valsalva maneuver between groups, but systolic
and diastolic BP were higher during late phase 2
in MSNA_Q4 (p<0.05), and this was preceded by
higher MSNA spike rate (44.3+16.3 vs. 81.2 +25
maximal spikes/secs per beat, p<0.01) during
early phase 2 of Valsalva maneuver.

The greater BP responses, but comparable HR
responses, to posture and Valsalva challenges
provide evidence that the subset of POTS
patients with higher resting MSNA have a
primary sympathetic activation. These patients
might benefit from sympatholytic therapy in
contrast to other POTS patients with low or
absent resting MSNA.
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Potent Hypertensive Actions of Angiotensin-
sensitive Neurons Within the Lamina
Terminalis
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It is accepted that activation of angiotensin type
la receptors (AT1a) within the CNS elevates
blood pressure by influencing sympathetic
outflow and vasopressin (VP) secretion;
however, the neuronal circuits mediating these
effects are not completely understood. The
present studies characterize the structure and
function of AT1a neurons residing in the median
preoptic nucleus (MnPO) and the organum
vasculosum of the lamina terminalis (OVLT),
thereby evaluating their potential role in blood
pressure control. Using male mice that express
Cre-recombinase prior to the STOP codon of the
AT1a gene, initial studies combined genetic
reporting with in situ hybridization to reveal
that AT1a neurons in the MnPO and OVLT are
largely excitatory (87+4% express vesicular
glutamate transporter 2). Subsequently, AT1a-
Cre mice were delivered a Cre-inducible adeno-
associated virus to induce expression of
channelrhodopsin-2 (ChR2) and enhanced
yellow fluorescent protein (eYFP) specifically
within AT1a neurons of the MnPO/OVLT (AAV-
ChR2-eYFP; n = 4). Control mice were delivered



AAV-eYFP (n = 4). Analysis of eYFP
immunofluorescence revealed that neurons
within the MnPO/OVLT that express AT1a send
projections to the paraventricular nucleus of
the hypothalamus (PVN; an area involved in
sympathetic outflow and VP secretion) that
appear to synapse onto VP synthesizing
neurons. To evaluate the functionality of this
connection, we optogenetically stimulated AT1a
neurons in the region while recording
cardiovascular parameters in anesthetized
mice. Ten-minutes of optogenetic stimulation
(473 nM;15 Hz; 20 ms pulse width; 60 s
ON/OFF) robustly elevated systolic blood
pressure in AAV-ChR2-eYFP mice relative to
AAV-eYFP controls. This effect was rapid in its
onset (34 £9vs. -2 £+ 4 mmHg at 5 min, p < 0.05)
but persisted for the entire 50 min of
cardiovascular recording (45+11vs.-3+7
mmHg at 50 min, p < 0.05). Intriguingly, the
optogenetic stimulation also resulted in 62%
increase in Fos induction in AVP neurons within
the PVN relative to AAV-eYFP controls (86 + 5
vs. 52 £ 2 %; p<0.01). Collectively, these results
suggest that excitation of AT1a neurons in the
MnPO/QVLT recruits autonomic and
neuroendocrine responses that promote robust
and sustained increases in blood pressure.
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Renal Nerves Mediate Renal Inflammatory
Signaling Independent of Hypertension in the
DOCA-salt Rat
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Preclinical and clinical studies demonstrate
renal denervation (RDx) may be an effective
treatment for hypertension (HTN); however,
the mechanisms of this effect remain unknown.
We recently reported (RDx) mitigates HTN, and
prevents renal inflammation in the
deoxycorticosterone acetate (DOCA)-salt rat
model of HTN. Although these findings suggest
renal nerves directly mediate renal
inflammatory signaling, this effect may also be
secondary to lowering arterial pressure (AP). In
this study, we aimed to elucidate the specific
role of renal nerves on renal inflammatory
signaling using a unilateral RDx approach to
control for lowered AP. We tested the
hypothesis that RDx will ameliorate the renal
inflammation independent of HTN in the DOCA-
salt rat. To test this hypothesis, 8 male Sprague
Dawley (SD) rats were implanted with
radiotelemeters to measure AP and subjected
to unilateral RDx. Rats were then administered
DOCA (100mg, s.c.) and 0.9% saline for 21 days.
Rats were then anesthetized, and renal tissue
and urine were collected from both RDx and
contralateral control (CON) kidneys. Renal
inflammation was assessed by assay for pro-
inflammatory cytokines (IL-1pB, IL-2, IL-6,
GRO/KC, MCP-1) in both urine and renal tissue.



Data presented as mean + SEM, *p<0.05. Mean
AP increased from 9913 to 135t4mmHg over
DOCA-salt treatment. Renal GRO/KC content
was markedly reduced in RDx kidneys compared
to CON (14+5* vs. 467+96pg/mg total protein),
and this was mirrored in the urinary excretion
of GRO/KC in RDx vs. CON (51+11%* vs.
3717+500pg/mg creatinine). Similarly, renal
MCP-1 content was lower in RDx (1312%*)
compared to CON (292+51). Urinary excretion
of MCP-1 was also decreased by RDx (67+31*
vs. 1758+721). Finally, urinary
protein:creatinine was abated by RDx (13£3* vs.
19+3au). Notably, there was no effect of RDx on
renal or urinary content of IL-18, IL-2, nor IL-6.
From this data, we conclude that renal nerves
mediate renal inflammation associated with
chemokines GRO/KC and MCP-1 release,
independent of HTN. However, RDx had no
effect on IL-1B, IL-2, IL-6, which suggests a
chemokine specificity of renal nerve
contribution to inflammatory signaling. Studies
are currently underway to establish the effect
of RDx on renal infiltration of specific immune
cell populations.
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Barorreflex Hypofunction is Due to Increased
Arterial Stiffness in Chronic Hypertension
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The autonomic nervous system (ANS) plays a
central role in blood pressure (BP) homeostasis.
BP changes can activate barorreflex response,
which is one of the main mechanisms through
which ANS rapidly regulates BP. This regulatory
mechanism is compromised in chronic arterial
hypertension (HT). We hypothesize that
barorreflex activity is diminished in patients
with high BP due to increased arterial stiffness
(AS), which decreases the barorreceptors’
sensitivity to mechanical deformation, and that
the decreased barorreflex activity might
contribute to the maintenance and progression
of HT. To test this hypothesis, we studied the
chronotropic response of patients (>65 years of
age, n=101 patients, 75 % with HT) after
Valsalva’s maneuver (pressor maneuver) by
measuring BP, heart rate (HR), and ECG (DlII).
Chronotropic response after the test was
defined as the smallest R-R interval up to 5 s.
post-test, normal response being considered
10-30 beats/min. of increment in HR and
decreased response was defined as <10
beats/min of HR increment. We also assessed
AS by measuring carotid-femoral pulse wave
velocity (PWV-CF), which has a predictive value
for cardiovascular events. We observed a
significant increase in systolic BP in the HT
group respect to control (147.2+15.7 mm Hg vs.
130.2+10.8 mm Hg). We also observed altered
barorreflex function in 60 out of 76 HT patients
(~79 %) but only 3 out of 25 controls (12 %).
Median of increased HR was significantly
decreased in the HT group respect to control
response (6 beats/min. vs. 12 beats/min.,
P<0.001). PWV-CF significantly increased in the
HT group compared to control ((10,54 m/s vs.
8,58 m/s, p<0.001). Also, changes in PWV-CF
were inversely correlated to cronotropic
response post-Valsalva. These results suggest
that HT patients > 65 years of age are
particularly prone to hypofunction of the



barorreflex mechanism. Valsalva’s maneuver in
combination with ECG might represent a quick,
non-invasive method to assess chronotropic
response and evaluate barorreflex function.
Barorreflex hypofunction might contribute to
the maintenance and even progression of HT in
these patients. The increased AS revealed by
increased PWV-CF may be the nexus between
HT and barorreflex hypofunction.

Disclosures:M. Duarte: None. J. Milei: None. E.
Savio Galimberti: None. C. Reyes Toso:
None. C. Bellido: None.

Funding: No
Funding Component:

119

Norepinephrine (NE) Resides in Renal
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Perivascular adipose tissue (PVAT) is gaining
importance as its ability to secrete and take up
substances that modify vascular tone, and thus
blood pressure. The kidney is inarguably
important to blood pressure regulation, but
little is known about renal arterial PVAT (RP)
relative to its adipogenic profile or its function
to modify arterial contraction as specifically
conducted by a resident adrenergic system. We
hypothesized that NE was present in RP, that RP
had a mixture of both brown and white
adipocyte gene signatures and that the NE in RP
could promote renal artery contraction. Our
model was the isolated renal artery +/- PVAT of
the male Sprague Dawley rat, with thoracic
aortic PVAT (TAP) and mesenteric PVAT (MP) as

brown-like and white fat comparators,
respectively. HPLC and immunohistochemistry
(IHC) were used to detect NE; RT-PCR to
construct an adipogenic/adrenergic profile; and
myography to measure contraction. All PVATs
contained NE (ng/g tissue, n=4-6): RP:524168,
TAP:740+16, MP:96%24. In RP, NE, visualized by
IHC, was clearly present in adipose tissue
resembling both brown and white fat. The
identification of brown fat was validated by
positive uncoupling protein-1 (UCP-1) staining
in the RP; this made up some but not all of the
RP. RT-PCR measures (2-ddCt values, n=4)
supported expression of both brown-like (UCP-
1: RP: 1.0£0.1, MP 3.2e-05+2.94e-05, TAP:
1.3+0.1; Cidea: RP: 1.0+0.1, MP: 0.01+0.002,
TAP: 0.9+0.1) and white adipogenic genes
(Tcf21: RP: 1.0+0.2, MP: 5.9+1.0, TAP: 0.3+0.1).
The existence of a functional adrenergic system
in the RP was supported by two findings. First,
the efficacy of the indirect sympathomimetic
tyramine to cause contraction was greater in
isolated renal artery (n=11) +PVAT
(14.4+1.8mN) vs -PVAT (7.6+1.2mN). Second,
tyramine-induced contraction in +PVAT tissues
was reduced by the al-adrenoceptor antagonist
prazosin (100 nM; 90+5%, n=6) and NE
transporter inhibitor nisoxetine (1 uM; -logeC50
[M]- Veh: -5.0+0.4; nisoxetine = 3.7+0.2 n=4).
Collectively, these data support the existence of
a functional adrenergic system in a PVAT that
has a profound potential to change renal
arterial function. Knowledge about this fat
depot may increase our ability to modify renal
function in the treatment of hypertension.
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Excessive activation of endothelial cell (EC)
mineralocorticoid receptor (ECMR) signaling
induces EC epithelial sodium channel (EnNaC)
activity to promote cardiovascular stiffness. Our
previous study has demonstrated that activated
ECMR signaling prompts expression and
translocation of EnNaC to the EC surface
inducing fibrosis, inflammation, and
macrophage infiltration in the vasculature of
female mice fed a western diet (WD). As ECMR
KO also prevented these abnormalities, we
posit that ECMR/EnNaC activation was critical.
Accordingly, we hypothesized that EC-specific
EnNaC activation would mediate endothelium
dysfunction, vascular stiffness, and impair flow-
mediated vasodilation through reduction of
bioavailable NO. Four week old C57BL6/J mice
were fed a WD containing high fat (46%),
sucrose (17.5%), and high fructose corn syrup
(17.5%) with or without a low dose of amiloride
(1 mg/kg/day) for 16 weeks. Female EnNaC KO
and wild-type littermate females were treated
with aldosterone (250 pg/kg/day) via osmotic
minipumps for 3 weeks. Amiloride, an
antagonist for EnNaC, significantly inhibited
inward Na+ currents and EnNaC activity in the
cultured endothelial cells. Amiloride treatment

significantly attenuated WD-induced increases
in aortic stiffness in vivo as measured by pulse
wave velocity and in vitro endothelial stiffness
measured by atomic force microscopy. In
addition, amiloride improved flow mediated
dilation in mesenteric arteries and
endothelium-dependent relaxation in response
to acetylcholine (10°-10* mol/L). Furthermore,
amiloride prevented WD-induced increases in
coronary endothelium permeability that were
associated with decreased expression of
claudin-5 and occluding. This also resulted in
reduction of total macrophage recruitment
(CD11b) and M1 polarization (CD11c).
Importantly, genetic knock-out EnNaC KO also
prevented aldosterone-induced endothelium
stiffening and impairment of endothelium-
dependent relaxation. These data indicate that
EC specific EnNaC activation decreases
bioavailable NO, increases vascular
endothelium dysfunction, and prompts vascular
stiffening in obese female mice.
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Background

Aortic stiffness predicts future hypertension
and cardiovascular disease (CVD) events. CVD
predictors like metabolic traits and arterial
stiffness vary by race. We hypothesized that in
longitudinal analyses, metabolic traits since
childhood would be associated with adulthood
aortic stiffness, and that these associations vary
by race in the biracial (black vs. white) Bogalusa
Heart Study cohort.

Methods

Included participants had ultrasound as young
adults for aorta-femoral pulse wave velocity
(afPWV) and at least three Study visits over the
life course. Sampled participants (n=1081) were
24-44 years old, 31% black, 57% female, and
mean follow-up was 27 years. Demographic,
anthropometric, blood pressure, lipid, glucose
and tobacco exposure data were extracted from
each visit. Given variable visit intervals and
numbers, growth mixed models were used to
compute total area under the curve for risk
factors on the primary outcome of interest,
young adult afPWV. Childhood versus
cumulative risk factors to afPWV associations
were examined with multivariable adjusted
linear regression. Significant race by risk factor
interaction terms (p<0.001) led to race-specific
reporting.

Results

Adult afPWV was higher in black (5.4+/-1.2 m/s)
than white (5.2+/-1.1 m/s) participants
(p=0.01). Overall, afPWV was associated with
childhood and cumulative low density
lipoprotein cholesterol (LDL-C, B=0.13; p<0.001
and B=0.08; p<0.01, respectively) and mean
arterial pressure (MAP, 3=0.1; p=0.02 and
=0.18; p<0.001) and cumulative glucose
(B=0.13; p<0.001). For blacks and whites, higher
afPWV was associated with childhood LDL-C
(B=0.17; p<0.01 and B=0.1; p<0.01) and
cumulative glucose (B=0.14; p=0.02 and B=0.15;

p<0.001). Only in whites were childhood and
cumulative MAP (B=0.08; p=0.04 and $=0.22;
p<0.001) and cumulative LDL-C (B=0.1; p<0.01)
associated.

Conclusions

Young adult aortic stiffness was associated with
childhood metabolic and hemodynamic traits
even after accounting for cumulative levels of
these traits. The associations appear to vary by
race and by child versus adult life stage. Future
work may examine the mechanisms of these
race-specific differences and implications for
CVD event risk.
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Large artery stiffness is a causal factor in
development of systolic hypertension. 20-
hydroxyeicosatetraeonic acid (20-HETE), a
cytochrome CYP450-derived arachidonic acid
metabolite, is known to be elevated in
resistance arteries in hypertensive animal
models and in obesity in humans, but the role
of 20-HETE in regulation of large artery
remodeling in metabolic syndrome has not
been investigated. Unlike normal (Sprague-
Dawley (SD)) rats, large arteries (aorta, carotid
and >100uM mesenteric arteries) of metabolic
syndrome rats (JCR:LA-cp, JCR) express CYP4A
and 4F, CYP450s which make 20-HETE in rats (2-
fold increase vs. SD). Consequently, 20-HETE
production is elevated in large arteries of JCR
rats. We hypothesized that this elevated 20-
HETE increases matrix metalloproteinase 12
(MMP12, an elastase) activation leading to
increased degradation of elastin, increased
large artery stiffness and increased systolic
blood pressure. A 3-4 fold increase in 20-HETE
production in large arteries of JCR vs. SD rats
correlated with increased elastin degradation
(3-6 fold) and increased arterial stiffness
(~75%). 20-HETE antagonists blocked elastin
degradation in JCR rats concomitant with
blocking MMP12 activation. Importantly, 20-
HETE antagonists and MMP12 inhibition
(pharmacological and MMP12-shRNA-Lnv)
significantly decreased (~60% vs. untreated JCR)
large artery stiffness in JCR rats. 20-HETE
antagonists also decreased systolic (182+3
mmHg JCR, 1453 mmHg JCR+20-HETE
antagonists) but not diastolic (125+4 mmHg
JCR, 124+4 mmHg JCR+20-HETE antagonists)
blood pressure in JCR rats. Whereas diastolic
pressure was fully angiotensin Il (Ang Il)-
dependent, systolic pressure was only partially
Ang ll-dependent, and large artery stiffness in
JCR rats was Ang ll-independent. These results
suggest that 20-HETE-dependent regulation of
systolic blood pressure may be a unique feature
of metabolic syndrome related to high
CYP4A/AF expression and resultant high 20-

HETE production in large conduit arterial
stiffness, which is a primary determinant of
systolic blood pressure. These findings may
have implications for management of systolic
hypertension in patients with metabolic
syndrome.
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Objective: Obesity in childhood has also been
associated with the development of
cardiovascular abnormalities. The aim of this
study was to investigate the subtle changes of
mechanical properties of carotid artery in
overweight and obese children. Methods: We
prospectively recruited a cohort of overweight
(n=25) and obese (n=176) children aged 7 - 17
years and non-obese children with same age
and gender (controls, n=31). Overweight is
defined as a body mass index (BMI) at or above
the 85th percentile and below the 95th
percentile and obesity as a BMI at or above the



95th percentile for children of the same age and
gender. The mechanical properties of carotid
artery were directly measured in a cross-
sectional image of common carotid artery using
a velocity-vector imaging (VVI) analysis
including instantaneous vessel area and
deformation parameters as fractional area
change (FAC), circumferential strain, and strain
rate (SR). Results: Compared to controls, obese
children had higher blood pressures and serum
glucose and worse lipid profiles than controls,
whereas overweight children showed no any
difference in blood pressure and laboratory
findings. Among vascular properties, there were
no differences in carotid intima-media thickness
between the three groups. However, obese
children showed larger vessel area and higher
arterial stiffness as lower FAC, circumferential
strain and SR than controls, whereas
overweight children showed no difference in
vascular properties with obese children and
with controls except for circumferential SR.
Circumferential SR in overweight children was
significantly reduced than controls (0.4710.19
cm/s, 0.75+0.22 cm/s, respectively, p<0.001)
and was the only vascular parameter
distinguishing overweight children from
controls. In linear regression analysis, age (B=-
0.13, p=0.03), BMI (B=- 0.37, p<0.001), and
serum triglycerides (f=-0.14, p=0.01) were
independent determinants predicting the
circumferential SR of carotid artery in this
population. Conclusion: A decrease in
circumferential SR of carotid artery precedes
the changes of other vascular properties as well
as blood pressure and laboratory findings in
overweight and obese children.
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We reported that mice (S-DN) expressing
dominant-negative peroxisome proliferator-
activated receptor gamma (PPARy) in smooth
muscle cells (SMC) are hypertensive and exhibit
impaired vascular relaxation due to increased
RhoA/Rho kinase (ROCK) activity, and display
reduced expression of a novel PPARy target
gene, RhoBTB1. We hypothesize that RhoBTB1
plays a protective role in vascular function and
that the function of RhoBTB1 is disrupted in S-
DN mice. To test this, we generated double
transgenic mice (termed S-RhoBTB1) with
tamoxifen-inducible, Cre-dependent expression
of RhoBTB1 in SMC. S-RhoBTB1 mice were
crossed with S-DN to produce mice (S-DN/S-
RhoBTB1) in which tamoxifen-treatment (75
mg/kg, ip, 5 days) restored RhoBTB1 expression
in aorta to normal. Thoracic aorta and basilar
artery from S-DN showed severely impaired
vasodilation to acetylcholine (ACh) and sodium
nitroprusside, which was reversed by
restoration of RhoBTB1 in SMC (Aorta, 46+5 vs
80+2% ACh-induced relaxation, p<0.01, n=6-9).
Replacement of RhoBTB1 also reversed the
hypertensive phenotype and aortic stiffness
observed in S-DN mice within 1 week of
treatment (Radiotelemetry SBP, 14146 vs 12443
mmHg, p<0.01, n=8-10; Aortic Pulse Wave
Velocity, 3.8+0.2 vs 2.5£0.1 mm/ms, p<0.01,
n=11-13). Increased phosphorylation of myosin
phosphatase targeting protein was preserved in
both S-DN and S-DN/S-RhoBTB1 aorta,
suggesting that restoration of RhoBTB1 did not



affect increased RhoA/ROCK activity (p<0.01,
n=6). A phosphodiesterase (PDE) 5 inhibitor,
Zaprinast improved vasodilation in S-DN
(p<0.01, n=8). Consistent with this, a cGMP
analog that is resistant to PDE hydrolysis, 8-
pCPT-cGMP, induced equivalent relaxation in S-
DN and non-transgenic mice (n=4), while S-DN
exhibited impaired relaxation induced by PDE-
sensitive 8-Bromo-cGMP (p<0.01, n=7). PDE
activity was increased in S-DN aorta and was
reduced to normal levels in S-DN/S-RhoBTB1
(p<0.01, n=6). We conclude: a) loss of RhoBTB1
function explains the vascular dysfunction and
hypertension observed in response to
interference with PPARy in smooth muscle, b)
DN PPARYy in SMC causes vascular dysfunction
via promoting PDE activity, and c) restoration of
RhoBTB1 in SMC facilitates vasodilatation by
normalizing PDE activity.
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Central arterial stiffness, a significant
contributor to the development of hypertension
and cardiovascular disease with aging, is linked
to elevated muscle sympathetic nerve activity
(MSNA) in men. However, the extent to which
MSNA is associated with central arterial
stiffness in women is unknown. Given that the
age-related increase in MSNA and arterial blood
pressure (BP) occurs at a steeper rate among
women compared to men, we tested the
hypothesis that resting MSNA is more strongly
correlated with central arterial stiffness in
women than in men. Also, because of the
parallel age-related increase in MSNA, we
further hypothesized that the relation between
MSNA and central arterial stiffness would not
be independent of age. MSNA
(microneurography), aortic stiffness (carotid-
femoral pulse wave velocity, CFPWV), and
carotid B-stiffness (carotid tonometry and
ultrasound) were assessed in 54 healthy men
(n=29; 19-72 yrs; 30 + 1 kg/m?; systolic BP: 128
1 3 mmHg) and women (n=26; 26-64 yrs; 29 + 2
kg/m?; systolic BP: 116 + 3 mmHg). No
differences between men and women were
observed for CFPWV (Men: 7.0 £ 0.3 vs.
Women: 6.8 £ 0.4 mmHg, P=0.747) and carotid
B-stiffness (Men: 7.6 £ 0.8 vs. Women: 7.6 £ 0.5
mmHg, P=0.975). Mean BP was lower in women
compared to men (Men: 93 + 3 vs. Women: 85
+ 2 mmHg, P=0.021) and MSNA tended to be
lower in women compared to men (Men: 25 + 3
vs. Women: 20 * 2 bursts/min, P=0.091). After
adjusting for mean BP and HR (partial
correlation), CFPWV was significantly correlated
with MSNA in men (R=0.44, P=0.021) and
women (R=0.58, P=0.004). Interestingly, further
adjustment for age abolished the association
between CFPWV and MSNA in men (R=0.01,
P=0.968), but not in women (R=0.43, P=0.046).
A moderate relation between carotid B-stiffness
and MSNA was observed in men (R=0.37,



P=0.063) and women (R=0.44, P=0.034), but
was abolished after adjusting for age (Men: R=-
0.001, P=0.995; Women: R=0.26, P=0.245).
These preliminary data demonstrate that MSNA
is positively correlated with central arterial
stiffness in women and men independent of BP.
Furthermore, abolishment of the relation
between MSNA and CFPWYV in men only when
adjusting for age suggests that the association
between MSNA and central arterial stiffness
may be more robust in women.
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The natural history of blood pressure (BP)
tracking from childhood to adulthood is not well

defined. Using data from the International
Childhood CV Cohorts Consortium, consisting of
7 international longitudinal cohorts,
participants (N=5042) were evaluated by self-
reported adult hypertension (HTN). Correlation
between mean of all measures of BP on a
subject during childhood (8-11 years) or
adolescence (15-18 years) and adult BP (28-31
years) was evaluated with Spearman correlation
coefficients. Differences in mean BP, body mass
index (BMI) and laboratory values were
evaluated by t-tests. Participants at time of self-
report of HTN were mean age 48.5 years (81.7%
white, 17.4% black; 39% male). Prevalence of
HTN (N=1562) was 31%; 3480 were
normotensive (NT). Correlations between child
and adolescent SBP and DBP were r=0.43, 0.42,
respectively, child and young adult r=0.24, 0.23
and adolescent and young adult r=0.41, 0.27 (all
p<0.0001). Participants self-reporting HTN were
more likely to be non-white (46.8% black, 30.2%
white, 29.7% other, p<0.0001). Males were
more likely to report HTN (33% vs 28% females,
p<0.0001). They had significantly higher SBP
and BMI as children and adolescents and also
significantly higher DBP and fasting glucose by
adolescence and lower HDL and higher TG by
young adulthood (all p<0.01). We conclude that
adult HTN begins in childhood with higher BP
and BMI which appear to be important clinical
markers for progressive increases in metabolic
risk factors as these individuals age through
adolescence and young adulthood.
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Disparities in Total Health Care Expenditure,
and Payment Type Related to Hypertension
Between Non Hispanics and Hispanics in the
USA: Results From the Medical Expenditure
Panel Survey (2013 - 2014)

PrimaryAuthor.AuthorBlock:Emir Veledar,
Anshul Saxena, Emeka Osondu, Javier Valero
Elizondo, Khurram Nasir, Baptist Health South
Florida, Miami, FL

Background Each year in the USA, more than 75
million adults are diagnosed with hypertension
(HTN), but less than 54% have this condition
under control. Due to poor management,
mortality due to HTN or related complications
was 410,000 in 2014 and resulted in close to
S50 billion spent. We sought to examine
disparities in the proportion of events and
related expenditure due to HTN between 54
million Hispanics, representing 17% in the USA
population and non Hispanics. Methods and
Population We used data from the Medical
Expenditure Panel Survey (MEPS), the most
complete source of data on the cost and use of
health care and health insurance coverage for
2013 and 2014. Cost was grouped as related to
ambulatory, emergency room, inpatient, home
visits and medications. By source, payments
were grouped as paid by family, MEDICARE,
MEDICAID, private insurance, VA, Tricare and
other. Results Overall, there were 61.2 and 61.9
million total events associated with HTN in 2013
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and 2014 respectively; Hispanics accounted for
5.8 (9.5%) and 5.4 (8.7%) million events each
year. On an average, HTN events involving
Hispanics were costlier up to $90 - $300 more
than non Hispanics (51053 vs. S 746 in 2013;
and $890 vs. $804 in 2014). For Hispanics,
payments were mainly covered by MEDICAID
(42.1%) and MEDICARE (27.5%), compared to
MEDICARE (39.3%) and private insurance
(23.7%) for non-Hispanic population. Hispanics
HTN expenditures were $6.1 billion (12.9%) in
2013 and 5.3 billion (10.3%) in 2014 and
Hispanics had disproportionately fewer number
of events than expected 17%, and the structure
of their costs for those events was not different
from non-Hispanics. In regression model,
accounting for demographics and type of
insurance, being Hispanic was a significant
predictor of the total, ambulatory and inpatient
cost, but not emergency room or medication
cost. Conclusion and discussion Hispanics
participate disproportionately less in HTN
events and costs compared to their proportion
in population, even when age, demographic and
socioeconomic factors are accounted for. They
also have on average higher and more complex
events compared with non Hispanics. Almost
70% of HTN expenditure for Hispanics in 2013-
2014 was covered by MEDICAID and MEDICARE
indicating socioeconomic disparities.
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Visit-to-visit Variability of Systolic BP and
Renal Outcomes in the SPRINT Trial

PrimaryAuthor.AuthorBlock:Jesse Goldman,
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Mcclure, Rebecca Seshasai, Meera Harhay,
Drexel Univ, Philadelphia, PA

Increased visit-to-visit variability (VVV) in
systolic blood pressure is a known predictor of
adverse CV events & in diabetics, is associated
with higher risk of incident albuminuria &
chronic kidney disease. However, the impact of
VVV in SBP on renal outcomes in the absence of
diabetes is unknown. We investigated the
association between VVV in SBP & adverse CVE
& renal events among non-diabetic participants
in SPRINT cohort. Methods: Primary exposure
was quartile of within-person standard
deviation of systolic blood pressure (SDBP).
Primary outcomes 1) primary composite CV
outcome from SPRINT study, 2) primary SPRINT
renal outcome among those without CKD 3)
incident albuminuria among those with &
without CKD. We compared covariates by SDBP
quartile, using ANOVA or chi-square tests. We
fit incremental Cox hazards models to examine
associations between SDBP & events. We
performed sensitivity analyses for # visits in all
models. Results: Among 9361 participants,
8589 (92%) met inclusion criteria & comprised
the primary analytic sample. The mean SBP
across all quartiles was similar (137 - 141
mmHg). There was no association between
quartile of SDBP and the primary composite
cardiovascular outcome. There was a significant
association between quartile of SDBP and
incident CKD among those without baseline
CKD. Among 3350 participants without baseline
CKD and 942 participants with CKD, higher VVV
in SBP was independently associated with
increased risk of incident albuminuria,
regardless of baseline CKD status. This
association was robust after adjustment for the
number of visits. The interaction between SDBP
and the primary intervention was not
statistically significant in the no CKD (p=0.11) or
CKD groups (p=0.93). Discussion: In this post-



hoc analysis of SPRINT, we found that higher
VVV in SBP is associated with greater risk of
incident albuminuria among non-diabetic adults
with and without baseline CKD. This association
remained significant after adjustment for
numerous potential confounders across follow-
up. Our analysis demonstrates a significant
association between VVV of SBP and incident
albuminuria in patients with and without
baseline CKD. This novel finding in an
exclusively non-diabetic, hypertensive
population deserves further investigation.

Disclosures:J. Goldman: None. S. Aggarwal:
None. S. Boyle: None. L. Mcclure: None. R.
Seshasai: None. M. Harhay: None.

Funding: No
Funding Component:

129

In Defense of Clinic Blood Pressure

PrimaryAuthor.AuthorBlock:Srividya Kidambi,
Thomas Chelius, Irene Nunuk, Yue Ding,
Brittaney Obi, Sumeet Jain, David Mattson,
Allen Cowley, Purushottam Laud, Tao Wang,
Jane Kotchen, Mingyu Liang, Theodore Kotchen,
Medical Coll of Wisconsin, Milwaukee, WI

For genetic studies of hypertension, between
1994 and 2006, we established a cohort of
2,639 African Americans (53% female), 51% of
whom were hypertensive (H). The purpose of
this report is twofold: a) to evaluate the
relationship of baseline hypertension status and
blood pressure (BP) level with subsequent
mortality in this cohort; and b) to compare the
relationship of clinic and 24-hour BPs with the
subsequent incidence of fatal and non-fatal
cardiovascular (CV) events in a subset of the
original cohort. Clinic BP was obtained in
triplicate in all 2,369 subjects as part of

screening procedures for a 3-day inpatient
clinical study of a sub-sample (n=266). BP
medications were discontinued for 1-week after
the screening visit and prior to inpatient study.
Detailed phenotyping along with 24-hour BPs
were obtained during the 3-day study.
Compared to normotensives (N) at baseline, H
had higher standardized clinic BP (145 + 20 [SD]
/94 +13vs 118 + 10/ 76 £ 8 mm Hg), were
slightly older (45 £ 7 vs 42 + 7 years; p<0.0001),
and had higher BMI (29 + 6 vs 27 + 5 kg/m?;
p<0.0001) in the overall cohort. Mortality data
were obtained from the National Death Index.
Average time from baseline to mortality was 12
* 3 years. All-cause mortality was related to
clinic systolic BP (p<0.03) and was greater in H
than N (176 vs 70 deaths; p< 0.0002) after
adjustment for age, sex, BMI, and duration of
follow-up. CV mortality was also greater in H
than N (52 vs 19 deaths; p<0.01). During a
follow-up of 14 + 4 years of the in-patient
cohort, 49 subjects had a fatal (n=11) or non-
fatal (n=38) CV event. After adjustment for
covariates, clinic systolic and diastolic BPs were
strongly associated with CV events (p<0.0001).
The association of clinic BPs with CV events was
as robust as the associations with overall 24-
hour BP, day BP, and night BP. Average
difference between day and night BP was 7 +
8/5 * 6 mm Hg (p< 0.0001), but day-night BP
difference was not associated with CV events
(p=0.45). In conclusion, in middle-aged African
Americans, 24-hour BPs were no more
predictive of CV events than BPs measured
during a single outpatient visit. In addition, both
all-cause mortality and CV mortality were
related to the clinic BP. These results will
require confirmation with larger sample sizes.

Disclosures:S. Kidambi: None. T. Chelius:

None. I. Nunuk: None. Y. Ding: None. B. Obi:
None. S. Jain: None. D. Mattson: None. A.
Cowley: None. P. Laud: None. T. Wang: None. J.
Kotchen: None. M. Liang: None. T. Kotchen:
None.



Funding: Yes
Funding Component: National Center

130

The Prognosis of Prehypertension Without
Progression to Hypertension

PrimaryAuthor.AuthorBlock:Teemu J. Niiranen,
Martin G. Larson, Framingham Heart Study,
Framingham, MA; Elizabeth L. McCabe, Brigham
and Women's Hosp, Boston, MA;
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Although progression from prehypertension
(preHTN) to hypertension (HTN) is preventable,
the prognosis of preHTN among individuals who
never progress to HTN and, in turn, the role of
early- versus late-onset pre-HTN in this context
remains unclear. Our sample consisted of 5593
Framingham Heart Study participants (mean
age 43 years, 52% women) with mortality and
serial blood pressure (BP) data available. We
categorized participants into 5 BP phenotypes:
never preHTN or HTN; late-onset (age 255
years) preHTN without ever developing HTN;
early-onset (age <55 years) preHTN without
ever developing HTN; late-onset HTN; and
early-onset HTN. Cases were considered
persons who died from cardiovascular disease
(CVD) or specifically from coronary heart
disease (CHD), and controls included the
remaining decedents. We used multivariable-
adjusted regression models to estimate case-vs-
control odds ratios for the 4 preHTN/HTN
categories versus those who died without ever
developing preHTN or HTN. The loess-smoothed
curves for mean BP values, by age, for the 5 BP
phenotypes are shown in Figure A. Compared
to individuals who maintained optimal BP
throughout life, onset of preHTN earlier or later
in life, without progression to HTN, did not

significantly increase odds of CVD (Figure B) or
CHD (Figure C) death. By contrast, late- and
especially early-onset HTN were associated with
considerably increased odds of CVD death and
CHD death. Our study findings suggest that not
all forms of preHTN are associated with the
same magnitude of risk for CVD death. Further
investigations are needed to determine
whether interventions aimed at preventing the
progression from preHTN to HTN could improve
outcomes.
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Racial Differences in Nocturnal Hypertension
and Non-dipping Blood Pressure: The Coronary
Artery Risk Development in Young Adults
(CARDIA) Study
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Columbia Univ, New York, NY

Risk factors for nocturnal hypertension are
more common among blacks compared with
whites. We hypothesized nocturnal
hypertension and nocturnal non-dipping BP are
more common among blacks compared with
whites. We analyzed data for 781 participants
of the population-based Coronary Artery Risk
Development in Young Adults (CARDIA) study
who completed ambulatory blood pressure (BP)
monitoring (ABPM) in 2015-2016. Awake and
sleep periods were defined using actigraphy
and self-report. Nocturnal hypertension was
defined as mean sleep systolic BP
(SBP)/diastolic BP (DBP) = 120/70 mm Hg. Non-
dipping SBP and DBP, separately, were defined
as a decline in mean sleep BP, relative to mean
awake BP < 10%. The mean age of participants
was 54.7 years, 21.1% were white women,
38.5% were black women, 16.8% were white
men and 23.6% were black men. The
prevalence of nocturnal hypertension was
18.2% and 44.5% among white and black
women, respectively, and 35.9% and 59.8%
among white and black men, respectively. After
multivariable adjustment, the prevalence of
nocturnal hypertension was higher among black
women, white men and black men, each
compared with white women (Table). The
prevalence of non-dipping SBP was 21.2% and
40.9% among white and black women,
respectively, and 19.8% and 37.5% among white
and black men, respectively. After multivariable
adjustment, non-dipping SBP was more
common among black women and black men
compared with white women. There were no
statistically significant differences in non-
dipping DBP across race-gender after
multivariable adjustment. Nocturnal
hypertension and non-dipping SBP are more

common among blacks compared with whites
even after adjustment for mean BP.
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Monocytes Activation by Salt is Associated
With Cardiovascular Risk Factors
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Several studies have established a relationship
between hypertension and salt intake; however
the mechanisms by which salt causes
hypertension are poorly understood. There is
also evidence that sodium (Na+) accumulates in
the interstitium with aging and hypertension in
concentrations exceeding the plasma. We
tested the hypothesis that increased NaCl
would convert human monocytes to an
inflammatory phenotype and to define
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mechanisms involved. We exposed monocytes
from 17 human volunteers to normal
physiological NaCl (NS: 150 mM/L), elevated
NaCl (HS: 190 mM/L), or an equiosmoloar
concentration of mannitol. Exposure of human
monocytes to high salt, but not mannitol,
increased formation of immunogenic
isolevuglandins (isoLG) (NS: 1688+384 vs
Mann:17621429 vs HS: 2381+ 635 MFI
p<0.002). This was associated with an increase
in the dendritic cell (DC) marker CD83 (NS:
503+81 vs Mann: 530£ 106 vs HS: 764 + 136 MFI
p<0.001). Exposure to high salt also stimulated
production of IL-6 (NS: 2145771, Mann:
11224295 and HS: 518711146 pg/mL, p=0.04),
IL-B (NS: 94435, Mann: 62+16 and HS: 224+98
pg/mL, p=0.01) and TNF-a (NS:1.9+0.3, Mann:
3.42+1.4 and HS: 4.4+2.1, p<0.0001). In
additional experiments, we found that
prolonged (7 day) exposure to high salt
increased surface expression of CD209, another
DC marker (NS: 2249 vs HS: 34 + 14, p=0.001)
and promoted conversion of the cells to a DC
morphology. The propensity for monocytes to
respond to NaCl was influence by the patient’s
risk factors. The increase in IsoLG (HS-NS)
correlated with pulse pressure (mmHg, r=0.51,
<0.04), BMI (Kg/m2, r=0.66, p=0.005), total
cholesterol (mg/dL, r=0.55, p<0.05) and glucose
(mg/dL, r=0.72, p=0.003). Stepwise multivariate
regression revealed that BMI and pulse
pressure are independent predictors of IsoLG
formation in response to salt. These findings
suggest that high extracellular NaCl promotes
differentiation and activation of monocytes and
that these pleotropic inflammatory cells exhibit
a previously undefined salt sensitivity
corresponding to patients’ underlying risk factor
profile.
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Kidney-specific Conditional Knockout of Klotho
Gene Impairs Natriuresis and Causes Arterial
Stiffness and Hypertension

PrimaryAuthor.AuthorBlock:Zhongjie Sun,
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Background and Purpose. Deletion of Klotho
leads to hypertension. The purpose of this study
is to investigate if renal epithelial sodium
channel (ENaC) contributes to klotho deficiency-
induced hypertension.

Methods and Results. We generated kidney-
specific conditional klotho null (KspKL”) mice
and found out that renal alpha subunit of ENaC
is significantly upregulated compared to wild
type (WT) mice. Blood pressure measured by
telemetry demonstrated systolic hypertension
and elevated pulse pressure suggesting vascular
dysfunction in KspKL”". Pulse wave velocity, a
marker of arterial stiffening was significantly
increased in KspKL”" mice. Amiloride, an ENaC
inhibitor, completely prevented systolic
hypertension and arterial stiffening in KspKL”"
mice. Ex vivo vascular relaxing responses to
acetylcholine were diminished in mesenteric
arteries in KspKL”" group, indicating that klotho
deficiency causes vascular endothelial
dysfunction. Interestingly, treatment with
amiloride abolished Klotho deficiency-induced
vascular endothelial dysfunction. We found that
urinary sodium excretion (Un,V) was
significantly impaired in KspKL” group. Na
retention was also associated with a decrease in
glomerular filtration rate (GFR), suggesting
impaired renal function in KspKL”* mice.
Treatment with amiloride prevented sodium



retention and improved GFR in KspKL”" mice.
Total renal nitric oxide bioavailabililty and eNOS
activity were significantly decreased in KspKI”-
mice which was ameliorated by amiloride
treatment. Histological and morphometric
analysis showed glomerular and tubular
damage in KspKL”", which was improved by
amiloride treatment. Western blotting analysis
demonstrated a significant decrease in the ay
subunits of ENaC in the kidney cortex following
treatment with amiloride.

Conclusion. This study demonstrates for the
first time that kidney-specific depletion of the
klotho gene causes impairment in Na-excretion
and hypertension by affecting ENaCa levels.
ENaC may be a promising therapeutic target for
klotho gene deficiency-induced renal and
vascular dysfunction and hypertension.
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Balance During the Development of Salt-
sensitive Hypertension
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Salt-induced hypertension and the associated
renal and cardiovascular complications affect a
large population and are one of the leading
causes of CKD. It is widely accepted that
albuminuria is a strong predictor of kidney
injury and cardiovascular outcome. Despite the
indisputable significance of albuminuria as one
of the most important factors for predicting
morbidity and mortality in patients with

cardiovascular diseases, the events leading to
the excessive filtration of albumin into the urine
are not well understood. The goal of the current
study was to determine the mechanisms
contributing to albuminuria in the kidney of the
Dahl salt-sensitive (SS) rat, a widely used model
of salt-induced hypertension. The SS rats when
fed a high salt (HS) diet develop progressive
elevations in urinary albumin and mean arterial
blood pressure (MAP). Intravital imaging
analyses of the kidneys indicate increased
loading of proximal tubules (PT) with filtered
albumin at the early stage of the development
of hypertension. Further progression of the
disease strongly correlated with significant PT
damage as indicated by the impaired albumin
reabsorption, increased prevalence of granular
casts, and necrosis of PT epithelial cells. To
prevent PT albumin overload and further
development of kidney damage PT reabsorption
blocker L-Lysine (17 mg/ml) was added to the
drinking water offered ad libitum, and the
measurements of MAP repeated continuously
on HS. Treatment of SS rats with L-lysine
significantly reduced the progression of salt-
induced hypertension (165+4 vs 133+2 mmHg
at 14D on HS, control vs L-Lysine). L-lysine
significantly attenuated the development of
progressively increased albuminuria and
restored serum albumin balance in
hypertensive animals (1.5+0.25 vs 13.28+2.14
and 6.91+1.07 24 hrs Alb/Cre; 2.98+0.07 vs
2.46%0.08 and 2.86+0.05 g/dL of serum Alb at
low salt vs 14D on HS, control, and L-Lysine
treated, respectively). We conclude that salt-
induced increase of albumin load at the PT
results in loss of albumin reuptake, reduction of
albumin serum concentrations and progression
of albuminuria in SS hypertensive rats. The
protection of PT against extensive albumin load
can significantly reduce renal damage and
development of high blood pressure.
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PVN Galphai2 Protein Over Expression
Attenuates Dahl Salt Sensitive Hypertension
and GNAI2 Polymorphic Variance Represents a
Clinical Biomarker of the Salt Sensitivity of
Blood Pressure
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Aim: We hypothesize that a) in the DSS rat,
which in contrast to the normotensive DSR rat
fails to up regulate PVN Gai, proteins on a high
salt intake (Wainford et al, Hypertension 2015),
PVN specific Gai, protein over expression will
attenuate the development of salt sensitive
hypertension (HTN) and, b) SNPs in the GNAI2
gene, which are associated with HTN in
Japanese and Italian populations, represent a
biomarker of the salt-sensitivity of BP.
Methods: Male DSS rats instrumented with a
radiotelemetry probe (DSI; PA-C40) received a
bilateral PVN shuttle or Gai, expressing lenti-
viral vector microinjection (2x10° infectious
units per ml/60nl/side) and were maintained on
a 7-day normal 0.4% (NS) intake for baseline BP
prior to 21 day high 4% NaCl (HS) intake. On day
21 rats were sacrificed to assess PVN Gai,
protein expression (immunoblotting), plasma
NE content (ELISA) or underwent a 5% volume
expansion (VE) prior to cardiac perfusion and c-
fos IHC to assess PVN neuron activation
(N=4/gp/study). SNPs in the GNAI2 gene were
examined in GenSalt (N=968) for associations
with the salt sensitivity of BP (increase in
systolic BP of 5mmHg or greater during HS

intake, N=326 are salt sensitive: 172 Female,
154 male).

Results: Bilateral lenti-virus increased PVN Gai,
protein levels 3 fold (p<0.05) on both NS and HS
intake, attenuated HTN (Day 21 HS MAP
[mmHg] shuttle 16043 vs. Gai, 144+4, P<0.05),
abolished Na* evoked global and renal
sympathoexcitation (Day 21 HS plasma NE
[nmol/L] shuttle 825 vs. Gai, 50+4, P<0.05).
PVN Gai, over expression increased VE-evoked
natriuresis (peak natriuresis (UNaV; [ueg/min]
shuttle NS 43+3, shuttle HS 163, Gai, HS 31%3,
P<0.05) and PVN sympathoinhibitory
parvocellular neuron activation (medial
parvocellular c-Fos positive cells shuttle NS
6718, shuttle HS 2943, Gai, vector HS 4816,
P<0.05). 3 GNAI2 SNPs are present in GenSalt -
rs9852677 and rs2282751 did not associate
with the salt sensitivity of BP. SNP rs10510755
positively correlated with the salt sensitivity of
BP (MAF:6%, Z-score: 1.94, p<0.05)
independently of sex.

Conclusion: These data suggest a critical role of
PVN Gai; proteins in countering the
pathophysiology of salt sensitive HTN and that
GNAI2 polymorphic variance represents a
biomarker of the individual salt sensitivity of BP.
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Reduction of Drug Consumption) in Treated
Hypertensive Patients Compliant to a Minimal
Dietary Sodium Restriction

PrimaryAuthor.AuthorBlock:Natale Musso,
Beatrice Carloni, Maria C Chiusano, IRCCS San
Martino Genova, Genova, Italy

The official guidelines for hypertension
recommend a low sodium diet as a basic
approach. Sodium should be restricted to 100
mEq a day. Such tight diets are seldom
paralleled by an adequate compliance.
Methods: we studied the effects of a
reasonable and realistic low sodium diet on the
BP values in 196 pts. (157 pts. completed the
study). The patients had to avoid ice creams,
cheese and salt-preserved (cured) meat. They
were switched from regular to salt-free bread.
Otherwise they were free to follow their usual
mediterranean diet. Urinary output of Na and K,
weight, number of antihypertensive drugs
taken, and office BP/HR were measured before
diet started (Value 1 in the table) and after 9+1
weeks on diet (Value 2 in the table) (all values
are mean * SD). The BP was recorded with the
patient alone, in a seated position, with
automatic repeated measures, by means of
Omron 907 HEM monitors. At the end of the
study 88 patients showed a reduction in the
urinary sodium (compliant pts.), whereas 69 did
not (noncompliant pts.).

In those compliant to the low salt approach (88
out of 157 pts. i.e. 56%), a substantial
improvement was attained in terms of BP

control and body weight with a simultaneous
significant reduction in the daily drug
requirement. The responders increased from 47
to 69 (i.e. from 53% to 78%). In the
noncompliant group the BP values, the
responder rate (35 to 32, i.e. 50% to 46%), the
weight, and the drug consumption were stable.
Conclusion: even a limited dietary salt reduction
may be beneficial in terms of BP control, with a
decrease of the BP levels and an increase in the
responder rate, paralleled by a reduction of the
drug requirement.

Take home message: even a bit of diet is better
than no diet.

Disclosures:N. Musso: None. B. Carloni:
None. M.C. Chiusano: None.

Funding: No
Funding Component:

137

Sox6 Regulates Renin Expression During
Juxtaglomerular Cell Expansion
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Introduction: Hypertension, a common
condition that affects 33% of the US population,
is @ major risk factor for heart disease and
stroke. Treatments for hypertension are limited
and there is a critical need to develop new
therapies. The Renin Angiotensin Aldosterone
System (RAAS) plays a key role in regulating
blood pressure, and renin controls its rate-
limiting step. In adults, renin is produced and
stored by renal Juxtaglomerular (JG) cells.
During sodium restriction and other
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pathophysiological stresses that require an
increase in renin expression and release, the
adult kidney increases the number of cells
expressing renin, in a process known as JG cell
expansion. JG cells formation mechanisms
remain unclear. Our aim is to determine new
regulators of renin and blood pressure control.
Methods: In vivo: )G cell expansion was induced
by 10 days of low sodium diet (0.01% Na) and
furosemide (0.1 mg/g body weight). In vitro:
primary renal Mesenchymal Stromal Cells (MSC)
were isolated from wild type mice and used
until passage 5. MSC were differentiated into
renin expressing cells by 7 days I&F (IBMX-100
uM and Forskolin-10 uM) treatment. Sox6 was
down regulated in MSCs with lentivirus carrying
vectors for Sox6 shRNA or controls scramble
shRNA.

Results: In vitro, I&F induced renin expression in
MSCs (Renin relative expression to gapdh
0.0153+0.005, n=3, P=0.05, no renin expression
in MSCs). Gene arrays comparing renal MSCs
and JG cells identified Sox6 as a potential gene
that controlled MSC differentiation. In vitro
silencing of Sox6 by shRNA inhibited the
differentiation of renal MSCs into renin
producing cells (3.5 fold decrease compared to
control shRNA, n=4, P=0.01). In a new
transgenic mouse model, in which Sox6 is
deleted specifically in renin expressing cells
(Ren1d“¢/Sox6"M), plasma renin concentration
was not affected at baseline (0.3 vs W.T. 0.5 ug
Ang I/ml/h, n=3, P>0.05). However, under
conditions that promote JG cell expansion, Sox6
ablation halted the increase in the number of JG
cells (8.75 fold decrease, n=6to 9, P= 0.001).
Conclusion: Our data indicates that Sox6 plays a
novel role in renal physiology; modulating renin
expression during pathological conditions.
These findings suggest that Sox6 may become a
new target for blood pressure control.
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Mas-related G-protein Coupled Receptor D
Deficiency Leads to a Marked Dilated
Cardiomyopathy in Mice

PrimaryAuthor.AuthorBlock:Aline C Oliveira,
Marcos B Melo, Augusto A Peluso, Daisy Motta-
Santos, Fernando P Neto, Rafaela F da Silva,
Itamar C Jesus, Silvia Guatimosim, UFMG, Belo
Horizonte, Brazil; Natasha Alenina, Michael
Bader, MDC, Berlin, Germany; Maria Jose
Campagnole-Santos, Robson A Santos, UFMG,
Belo Horizonte, Brazil

Recently, we described a new peptide of the
RAS, the heptapeptide alamandine. Alamandine
[Alat-angiotensin-(1-7)] is formed from
angiotensin-(1-7) by decarboxilation of the N-
terminal Asp residue to Alanine or from the
octapeptide angiotensin A (Ala'-Ang Il) by
removal of the Phe c-terminal residue by ACE2.
Alamandine effects were independent of
Angiotensin-(1-7) receptor Mas. The Mas-
related G protein receptor member D (MrgD)
was identified as the alamandine receptor.
Although cardioprotective effects of
alamandine similar to Ang-(1-7) have been
described, the significance of this peptide in the
heart function is still elusive. Objective: To
evaluate the functional role of the alamandine
receptor, MrgD, in the heart using MrgD-
deficient mice. Methods: Primary
cardiomyocytes were obtained from neonatal
rats and mice with up to 72 hours of life. Cells
were fixed, blocked, permeabilized and



incubated with an anti-MrgD antibody, washed
and incubated with a secondary antibody and
Phalloidin. Slides were analysed using confocal
microscopy. High-resolution echocardiography
was performed in MrgD** and MrgD”" mice (12
weeks old, n=5-6) under isoflurane anesthesia.
Standard B-mode images were obtained in right
and left parasternal long and short axis for
morphological and functional assessment and
evaluation of cardiac deformation (VevoStrain).
Results: Immunofluorescence indicates that
MrgD is present in cardiomyocytes, mainly in
the perinuclear and nuclear region, with similar
pattern in rats and mice. High resolution
echocardiography showed left ventricular
remodelling and dysfunction in MrgD-KO mice
when compared to their controls. Strikingly,
MrgD-deficient mice presented a pronounced
dilated cardiomyopathy with a marked decrease
in systolic function (EF: 34.39 £ 2.9 versus 66.49
1+ 2.3%; FS: 16.23 £ 0.6 versus 35.91 £ 1.8 %;
EDV: WT=46.47 £ 2.4 versus 81.15 +3.7; ESV:
15.41 + 0.7 versus 53.21 + 2.5). Conclusion:
Alamandine MrgD receptor is expressed in
cardiomyocytes and its deletion leads to a
pronounced dilated cardiomyopathy indicating
a major role for alamandine in the heart.
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Loss of Thymosin b4 Exacerbates Renal and
Cardiac Damage in Angiotensin-Il Hypertension

PrimaryAuthor.AuthorBlock:Nitin Kumar, Tang-
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Peterson, Oscar Carretero, Henry Ford Health
System, Detroit, Ml

Angiotensin-Il (Ang-1l)-induced hypertension is
associated with tissue damage and fibrosis in
the kidney and heart. Thymosin B4 (TB4)
regulates cell morphology, inflammation and
fibrosis in several organs and administration of
exogenous TP4 is protective in diabetic
nephropathy and unilateral ureteral obstruction
model. However, role of endogenous TB4 in
hypertension-induced organ damage is
unknown. We hypothesize that, loss of TB4
accelerates renal and cardiac fibrosis and
damage in Ang-Il hypertension. To test our
hypothesis, TB4 knockout (TB47) and wild-type
(TB4**) C57BL/6 mice (n=6-10) were infused
continuously for six-weeks with either Ang-ll
(980 ng/kg/min) or vehicle via osmotic
minipumps. All the results are presented in
table 1. In Ang-ll infusion, systolic blood-
pressure were not different between both
strains (Table 1). Interestingly, urinary
albuminuria was significantly higher in T4
mice compared to TB4*/* mice by Ang-Il. High
expression of TB4 is found in the glomeruli
along with high expression of Nephrin, an
important protein in the filtration barrier of the
kidney. In Ang-ll infusion, nephrin protein
expression was greatly reduced in mice
deficient of TP4, suggesting that loss of nephrin
is one of the mechanism for elevated urinary
albumin in TB47" mice. Additionally, renal
fibrosis was higher in TB47 mice. We also
studied cardiac damage and observed that in
Ang-Il infusion, cardiac hypertrophy and cardiac
fibrosis were much higher in TB47"mice. These
data indicate that loss of endogenous T4
caused significant tissue damage in the kidney
and heart in Ang-Il hypertension, suggesting
renal and cardiac protective role of this peptide.
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Endogenous Renin-angiotensin System
Activation Causes Accelerated Cerebral
Vascular Dysfunction in Mice Expressing
Dominant-negative Mutations in PPARy in
Endothelium
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Abnormal activation of the renin-angiotensin
system (RAS) has been implicated in
cardiovascular (CV) disease. Whereas low salt
diet (LSD) may be beneficial in salt-sensitive
hypertension, it has been proposed to induce
CV risk due to RAS activation. Peroxisome
proliferator-activated receptor gamma (PPARy)
is a ligand-activated transcription factor which
regulates the actions of angiotensin Il (ANG) in
the vasculature and promotes anti-oxidant
pathways. We hypothesize that endothelial
PPARYy plays a protective role in the vasculature
in response to RAS activation. Transgenic mice
specifically expressing dominant-negative (DN)
mutations in PPARy in the endothelium (E-DN)
were fed a LSD and endothelial function was
measured. Plasma renin and ANG were
significantly increased in both non-transgenic

(NT) and E-DN mice fed a LSD for 6 weeks
compared with normal chow (Renin - NT: 39+7
vs 20+1 ng/ml; E-DN: 34+1 vs 16+4 ng/ml; Angll
- NT: 257454 vs 4716 pg/ml; E-DN: 294169 vs
63114 pg/ml p<0.05, n=5). At baseline,
vasorelaxation to acetylcholine (ACh) was not
affected in E-DN compared to NT (basilar artery:
66112 vs 64+4%; carotid artery: 9314 vs 91+4%,
n=5). Six weeks of LSD significantly impaired
ACh-mediated relaxation in basilar artery of E-
DN but not in NT (4218 vs 74+5%, p<0.05, n=5).
Unlike basilar artery, 6 weeks of LSD was not
sufficient to induce vascular dysfunction in
carotid artery of E-DN (carotid artery: 86t4 vs
92+3%, n=5). The endothelial dysfunction
observed in the basilar artery of E-DN was
attenuated upon in vitro incubation with
tempol (improved from 29+5% to 55+7%, n=6).
Further, administration of the AT1 receptor
blocker, Losartan (0.6g/L drinking water) for the
last 2 weeks of LSD blunted the endothelial
dysfunction observed in the basilar artery of E-
DN (improved from 24+2% to 64+9%, n=5). We
conclude that interference with PPARy in the
endothelium produces endothelial dysfunction
in the cerebral circulation in response to LSD-
mediated activation of the endogenous RAS and
this dysfunction is mediated, at least in part,
through AT1 receptor activation and ROS
signaling pathways. Moreover, our data suggest
that the basilar artery and perhaps cerebral
circulation is particularly sensitive to inhibition
of PPARYy activity and activation of the RAS.
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Adipocyte Deficiency of Angiotensin
Converting Enzyme 2 Increases Systolic Blood
Pressures of Obese Female Mice

PrimaryAuthor.AuthorBlock:Robin C
Shoemaker, Wen Su, Ming Gong, Univ of
Kentucky, Lexington, KY; Susan Gurley, Duke
Univ, Durham, NC; Lisa Cassis, Univ of Kentucky,
Lexington, KY

Background: We demonstrated that sexual
dimorphism of obesity-hypertension was
associated with differential activity of adipocyte
angiotensin-converting enzyme 2 (ACE2) in
male versus (vs) female mice. These data
suggest that adipocyte ACE2 regulates blood
pressure by influencing the balance of
angiotensin Il (Angll, a substrate of ACE2) vs
angiotensin-(1-7) (Ang-(1-7)), which differs in
male and female mice. We hypothesized that
deficiency of ACE2 in adipocytes increases
blood pressure of HF-fed female mice.
Methods/Results: Mice with adipocyte ACE2
deficiency were developed from breeding
Ace2 mice to transgenic C57BL/6 mice with
heterozygous transgenic expression of Cre
recombinase driven by the adiponectin
promoter (Ace2”9?°). Female or male Ace2™
and Ace2*9P° mice (8 weeks old) were fed a HF
(60% kcal as fat) or low fat (LF; 10% kcal from
fat) diet for 16 weeks, after which blood
pressure was quantified by radiotelemetry.
Systolic blood pressures (SBP) were not
different in LF-fed female mice of either
genotype (24 hr average SBP [mmHg]: Ace2//""
121+1; Ace2%P°: 121+1; p>0.05). However, SBP

was significantly increased in HF-fed female
Ace2*9P ys Ace2 mice (Ace2: 127+2;
Ace2/%P°: 133+3; p<0.05). As Angll is an ACE2
substrate, we quantified blood pressure
responses of female mice to an acute challenge
of Angll (20ug/kg body weight, sc). Angll
administration increased SBPs of LF and HF-fed
female mice of both genotypes. However, SBP
responses to Angll were augmented in HF-fed
Ace2"%"° female mice compared to HF-fed
Ace2f controls (baseline vs Angll SBP [mmHg]:
LF Ace2: 122+8 vs 180+4; LF Ace2*P°: 127+5
vs 173+7; HF Ace2: 121+3 vs 183+3; HF
Ace2/%P°: 138+7 vs 197+43; p<0.05). In contrast
to females, HF-fed Ace2”??° male mice had
similar SBPs compared to HF-fed Ace2’f males
(24 hour SBP [mmHg]: Ace2™/f: 127+2; Ace2/9o:
13343; p>0.05).

Conclusions: Deficiency of ACE2 in adipocytes
promoted the development of obesity-induced
hypertension in female mice. Moreover, female
adipocyte ACE2 deficient mice exhibited
augmented blood pressure responses to Angll.
These data support the hypothesis that
adipocyte ACE2 contributes to sex differences in
obesity-induced hypertension.
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Angiotensin Il Type 1 Receptor Autoantibody
Inhibition Improves Blood Pressure and
Markers of Neurological Damage and
Oxidative Stress in Brains of Placental Ischemic
Rats During Pregnancy
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Preeclampsia (PE), hypertension in response to
placental ischemia, is associated with
angiotensin Il type 1 receptor agonistic
autoantibodies (AT1-AA), oxidative stress, and
neurological complications, such as headaches,
blurred vision, and seizures which could lead to
stroke and death. We hypothesize that AT1AAs
play a role in the cerebral pathology of PE. The
objective of this study was to determine if
administration of a specific peptide sequence to
inhibit the AT1-AA from binding to the AT1
receptor, will improve blood pressure (MAP)
and cerebral oxidative stress in the reduced
uterine perfusion pressure (RUPP) rat model of
PE. Pregnant Sprague Dawley rats were divided
into 2 groups: RUPP (n=5) and RUPP+AT1-AA
inhibitory peptide (7AA) (n=3). RUPP surgery
was performed on gestational day (GD) 14 and
the 7AA was administered (2ug/ul saline) via
mini-osmotic pumps. On GD 19, MAP was
determined and brains collected. Western blots
were stained for Glial Fibrillary Acidic Protein
(GFAP), endothelial NO synthase (eNOS),
phosphorylated eNOS and NADPH oxidase
activity was determined using
chemilumenescence. MAP was decreased in
RUPP+7AA vs. RUPP (95+2 vs. 1306 mmHg).
Brain/body weight ratio, which is indicative of
edema, was reduced in RUPP+7AA (5.840.25 vs.
6.5+0.25 grams) vs. RUPP. NADPH oxidase
activity was lower in RUPP+7AA (3327513122
vs. 57408+10508 RLU/min/mg protein).
Phosphorylated eNOS was 2 fold higher in the
RUPP+7AA vs. RUPP (0.4+0.1 vs. 0.2+0.04 AU)
and the phosphorylated eNOS/eNOS ratio was
elevated (0.4+0.12 vs. 0.240.04 AU). GFAP a
marker for activated astrocytes that increases
during neurologic injury and serves as a
compensatory mechanism for brain injury

recovery was elevated in RUPP+7AA vs. RUPP
(3.2+1.3 vs. 0.5£0.2 AU). Administration of AT1-
AA inhibitory peptide to RUPP rats decreased
blood pressure and improved markers of NO
bioavailability, injury (GFAP), and cerebral
swelling. In conclusion, our preliminary data
suggests that AT1-AA inhibition could be a
potential therapy to improve peripheral and
neurological complications during PE. Research
Supported by T32HL105324 (Cunningham),
RO1HD067541-06 (LaMarca), DK-104184
(Roman), 050049 (Fan), P20-GM-104357 (cores
B and C-Roman; Pilot-Fan) and AHA
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Background
During normal pregnancy the uteroplacental

vasculature remodels to accommodate for the
increased blood flow to the placenta. In
hypertensive pregnancies this remodelling is
impaired. Stroke prone spontaneously
hypertensive (SHRSP) rats exhibit a
hypertensive pregnancy with impaired
uteroplacental remodelling. This study



investigated early gene expression changes in
the uterine arteries (UA) of pregnant SHRSP and
normotensive Wistar Kyoto (WKY) rats.
Methods

SHRSP and WKY females were time mated and
UA isolated at gestational day (GD)6 (n=3). Non-
pregnant (NP) UA were isolated from virgin
aged matched controls (n=3). UA RNAseq
(lumina platform) was performed. Transcript
level gene changes were interpreted using
Ingenuity Pathway Analysis (FDR < 0.05,
FPKM>1.0). Quantitative RT-PCR was used to
validate significantly differentially expressed
genes.

Results

There was a greater number of differentially
expressed transcripts NP v GD6 in SHRSP
compared to WKY (796 vs 535). 147 pregnancy
dependant gene changes were common to
SHRSP and WKY; which involved cellular
movement and cell growth/proliferation
pathways. Further analysis revealed calcium
signalling genes involved in the a-adrenergic
pathway were downregulated in WKY NP v GDS6,
e.g. inositol-1,4,5-trisphosphate receptor (Ip3r)
(FC 2.5; p<0.01), but were not different in
SHRSP. Inflammatory response was increased
over pregnancy, specifically phospholipase A2
(Pla2ga) expression (FC-7.2 in WKY and FC -4.3
in SHRSP; FDR<0.0001). Gene expression
differences were also observed in nitric oxide
and reactive oxygen species pathways. Nox2
subunits were downregulated in SHRSP NP v
GD6 e.g. p40-phox (FC -2.2; FDR<0.001), but did
not change in WKY. gPCR confirmed
significantly increased UA Ip3r gene expression
in GD6 SHRSP vs GD6 WKY (27.1CT vs 28.3CT
p<0.05) and reduced Pla2ga expression in WKY
vs SHRSP NP UA (23.3CT vs 26.4CT; p<0.001).
Conclusion

We show that SHRSP UA have different gene
expression profiles in response to pregnancy
compared to WKY. These early transcript level
changes occur prior to structural or functional
changes, suggesting that the strains have pre-

existing genetic differences that may ‘prime’
the UA to respond differently due to chronic
hypertension in SHRSP rats.
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Reduced Placental Regulator of G-Protein
Signaling-2 (RGS2) and Preeclampsia
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The early mechanisms and genetic risk factors
driving the pathogenesis of preeclampsia (PE), a
cardiovascular disorder of pregnancy, remain
largely unclear. Various hormone activators of
Gag second-messenger signaling pathways have
been implicated in PE. Regulator of G-protein
Signaling 2 (RGS2) acts as an endogenous
terminator of Ga, signaling and previous studies
identified a SNP (rs4606), which results in
reduced RGS2 mRNA, as a risk factor for
development of PE and its sequelae. We
hypothesized reduced placental expression of
RGS2 may precipitate the development of PE
due to disinhibited Gag signaling. In silico
reanalysis of publically available dataset
GSE75010 revealed RGS2 mRNA is reduced in
placentas from pre-term PE pregnancies
compared to normal pre-term pregnancies
(con: 8.73 £ 0.07 n=35, PE: 8.37 £ 0.055 n=49,
p<0.05). Using human placental tissue samples
from the University of lowa Maternal-Fetal



Tissue Bank, we confirmed RGS2 mRNA is
reduced in PE placentas (19% of control,
p<0.05), despite a lack of correlation between
the rs4606 SNP and PE. Additionally, in further
reanalysis of other datasets, RGS2 mRNA is
among the highest-expressed RGS member in
normal human placenta, and appears to be
selectively reduced in syncytio- and invasive
cytotrophoblasts during PE (GSE93839, -26.3%,
-23.3% of control). We next examined RGS2
expression in mouse placenta by FISH and
found RGS2 mRNA colocalizes with markers of
syncytiotrophoblast Il (GCMA) and
spongiotrophoblast (Tpbpa) layers. To test the
effect of RGS2 loss during pregnancy, wildtype
C57BL/6J female mice were mated with RGS2-
deficient sires and developed diastolic
hypertension, placental hypoxia by HIF1a ELISA
(con 0.144+0.004, RGS2-KO 0.155+0.004 AU,
p<0.05, n=5 each), and reduced placental PIGF
mMRNA (fold; con=1.0 n=7, RGS2-K0=0.23 n=12,
p<0.05), compared to females mated with RGS2
littermate sires. These data support the concept
that loss of RGS2 may contribute to the
pathogenesis of PE rather than simply
correlating with the disorder. Taken together,
we have shown placental RGS2 is suppressed in
PE, RGS2 is present in cytoplasm of specific
layers of trophoblasts, and loss of feto-placental
RGS2 is sufficient to cause placental hypoxia
and maternal diastolic hypertension.
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Central Angiotensin-(1-7) Treatment
Attenuates ERK 1/2 Expression and Oxidative
Stress in the Dorsal Medulla of
Betamethasone-Exposed Sheep That
Associates With Improved Blood Pressure and
Baroreflex Sensitivity
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Fetal exposure to betamethasone (BMX) that is
routinely administered to women threatening



premature delivery may lead to deleterious
long-term effects on the central cardiovascular
system. In the adult offspring of BMX-exposed
sheep, we demonstrate increased mean arterial
pressure (MAP) and attenuated baroreflex
sensitivity (BRS). These responses are
associated with dysregulation of the brain
renin-angiotensin system (RAS) reflecting lower
medullary expression of Angiotensin-(1-7) [Ang-
(1-7)] and its beneficial actions. Moreover,
mitogen activated protein kinase (MAPK), a key
signaling cascade implicated in cardiovascular
dysfunction and stimulation of oxidative stress
is increased in the brain dorsomedial medulla
(DMM). We hypothesize that loss of Ang-(1-7)
tone with BMX is an underlying mechanism for
the programming effects to increase MAPK and
oxidative stress. Thus, we examined whether
intracerebroventricular treatment with Ang-(1-
7) that lowers MAP and improves BRS will
impact MAPK signaling and downstream
generation of reactive oxygen species (ROS).
MAPK activation as detected by the ratio of
phospho-ERK 1/2 to total ERK densities was
significantly reduced by >80% in the Ang-(1-7)-
treated BMX sheep as compared to the CSF-
treated BMX controls (0.20 £ 0.07 vs 1.04 +
0.31; p = 0.01, N=4/group). Ang-(1-7) treatment
was associated with lower expression of two
indices of ROS including 4-HNE (0.23 + 0.03 vs.
0.31 £ 0.03 p = 0.03) and protein carbonyl
content (9.95 £ 0.69 vs 15.94 + 3.49; p = 0.07).
Finally, regression analysis revealed that
phospho-ERK 1/2 expression positively
correlated with ROS (4-HNE) (r = 0.816; p =
0.01). The 4-HNE content also trended
positively with MAP (r = 0.659, p = 0.08), but
exhibited a negative correlation with BRS (r = -
0.831; p =0.01). We conclude that reduced
central Ang-(1-7) tone may contribute to the
chronic dysregulation of the MAPK and ROS
signaling pathways within the DMM following
BMX exposure. Moreover, Ang-(1-7) may
constitute a potential therapeutic approach to

improve autonomic dysfunction by attenuating
both MAPK and ROS pathways. HD 047584.
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MicroRNA-216a Promotes M1 Macrophages
Polarization Through the Activation of
Telomerase
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Background: Macrophages display significant
phenotypic heterogeneity and plasticity. Two
subtypes exist in atherosclerotic plaques: M1
pro-inflammatory subtype and M2 anti-
inflammatory subtype, which can be converted
to each other under certain conditions and
therefore contribute to the plaque progression.
But the underlying mechanisms remain unclear.
Our previous work showed that miR-216a
mediates the activation of telomerase in
macrophages differentiation via the Smad3/NF-
kB pathway in vitro. In the present study, we
aimed to examine the role of miR-216a in
macrophages polarization and atherosclerosis in
vivo.

Methods and results: We applied a tandem
stenosis to the right carotid artery of
apolipoprotein E-deficient mice model
according to doctor Chen’s method (Circ Res.
2013;113(3):252-65.), with local infiltration of
the miR-216a lentivirus. At 4 weeks



postoperatively, the significant effect of miR-
216a on plaque area was not observed,;
however, the results showed that miR-216a in
the carotid atherosclerotic plaques markedly
increased the numbers of M1 subtype by 1.8-
fold whereas simultaneously decreased M2
subtype by 2.1-fold by applying CD16/32 and
Argl immuno-fluorescent staining. In addition,
we found that miR-216a significantly reduced
the amounts of collagen Il by Sirius-Red
staining and downregulated the mRNA
expression of collagen type Il alpha 1 chain
(COL3A1) by 70%. Furthermore, the THP-1
macrophages were used to explore the
mechanism of miR-216a on macrophages
polarization, and the results showed that miR-
216a and telomerase reverse transcriptase
(TERT) expression were only increased in M1
macrophages. Next, TERT lentivirus and siRNA
were transfected, and the results showed that
TERT overexpression promoted M1
polarization; on the contrary, silencing TERT
inhibited M1 polarization and suppressed M2 to
M1 conversion.

Conclusions: Our data indicated that miR-216a
promotes M1 macrophages polarization
through the activation of telomerase and
reduces collagen IIl in mice carotid lesions, and
ultimately accelerates the development of
atherosclerosis.
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Detrimental Cardiovascular Effects Associated
With Use of >4 Drug Classes to Achieve Blood
Pressure Control in SPRINT

PrimaryAuthor.AuthorBlock:Linsay McCallum,
Andrea Llano, Alisha Aman, John McClure, Alan
Jardine, Anna F Dominiczak, Univ of Glasgow,
Glasgow, United Kingdom; Phil Chowienczyk,
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Background

In the SPRINT trial,In SPRINT, achievement of
target BP in the intensive arm required a higher
number of drugs. Whilst intensive treatment of
SBP was associated with an increased incidence
of adverse events, it is unclear whether the use
of multiple drug classes would result in adverse
outcomes.

Methods

The number of drug classes prescribed at
randomisation and at 1,2,3,6,9,12 months were
used to identify distinct trajectory groups in the
standard and intensive arm using Latent Class
Mixed Modelling. Data were available in 8,449
participants. Cox-PH models, adjusted for age,
sex, SBP, prevalent CVD, prevalent CKD and
number of drug classes at randomisation, were
used to assess the association between drug
class trajectories and pre-specified outcomes
from SPRINT.

Results

The SPRINT population classified into 6 groups
(3 standard, 3 intensive) based on the
trajectories of drug classes prescribed over the
first year are shown in Panel A with
corresponding SBP by drug class groups in Panel
B.

Cox-PH model (reference group 4) showed
group 5 (SBP 125 mmHg on >4 drug classes) had
significantly higher risk of the primary outcome
(HR 1.62 95% CI [1.12-2.04]; p 0.011), heart
failure (HR 3.68 [1.95-6.94]; p <0.0005), CVD
death (HR 4.34 [1.66-11.35]; p 0.003) and all-
cause death (HR 1.75 [1.26-2.43]; p <0.0005)
(Panel C).

Conclusions

In SPRINT, treatment with >4 antihypertensive



drug classes was associated with poor
outcomes, specifically increased risk of death
and heart failure, independent of blood
pressure achieved in the first year, possibly
related to the period of drug exposure. These
results caution clinicians to assess need for
multiple drugs and tighter blood pressure
control.
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Association of Socioeconomic Context With
Blood Pressure Response and Cardiovascular
Outcomes in ALLHAT
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New Haven, CT

Introduction: Observational studies
demonstrate that in low socioeconomic (SE)
communities, where residents face social
challenges and fewer opportunities for healthy
lifestyle behaviors or quality care, blood
pressure (BP) is higher and there are worse
cardiovascular (CV) outcomes. Yet whether the
effectiveness of antihypertensive therapy on BP
control and CV outcomes varies by SE context in
a randomized clinical trial (RCT) - where
patients are treated under a standard protocol -
is unknown.

Methods: We used data from the
Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial (ALLHAT), which
randomized 42,418 people with hypertension
(HTN) to chlorthalidone, lisinopril, amlodipine
or doxazosin. After excluding non-continental
US sites and the doxazosin arm (terminated
early), our study included 27,862 participants.
We defined SE context by mapping study site
ZIP codes to counties and stratifying these into
income quintiles based on the national
distribution of cost-of-living adjusted county
median household income (2000 US Census).
We compared characteristics and outcomes
between participants in the lowest and highest
SE quintiles using multivariable regression
models. We replicated the analysis with black
participants (n = 10532).

Results: Participants enrolled in low SE sites (n =
2169, 7.8%) were more likely to be female,
black, Hispanic, less educated, live in the South,
and have fewer CV risk factors than participants
in high SE sites (n = 10458, 37.6%). Participants
in low SE sites were less likely to achieve BP
control (<140/90 mmHg) at 6 years (OR 0.48,
95% Cl [0.37, 0.63]). They had higher all-cause
mortality (HR 1.25, 95% CI [1.10, 1.41]) and
heart failure hospitalization/mortality (HR 1.26,
95% CI [1.03, 1.55]), though lower angina
hospitalization (HR 0.70, 95% CI [0.59, 0.83])
and coronary revascularization (HR 0.71, 95% ClI
[0.57, 0.89]) and no differences in stroke or M.
Results were similar among black participants.
Conclusion: Despite having access to extra
resources afforded by an RCT, ALLHAT
participants in low SE sites had poorer BP
control, higher mortality and greater heart
failure morbidity. Our findings suggest a need to
address the SE context beyond the medical
environment to attain equity in HTN outcomes.
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Impact of Baseline 10-year Cardiovascular Risk
on Benefit and Harm of Intensive Treatment in
SPRINT
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We investigated the impact of baseline CV risk
on outcomes in SPRINT. Using the ACC/AHA
CVD risk algorithm, we stratified the SPRINT
population into quartiles of baseline 10-year CV
risk. Within each quartile, Cox proportional
hazards models were used to examine the
effect of intensive treatment vs. standard of
care on the SPRINT CV outcomes, all-cause
mortality and serious adverse events (SAEs).
Number needed to treat (NNT) and number
needed to harm (NNH) were calculated for each
quartile. There were 9,323 participants with
available baseline ACC/AHA 10-year risk scores.
In each quartile of risk, the hazard ratio (HR)
favored intensive treatment. For CV outcomes,
NNT decreased from 91 in the 1 quartile to 38
in the 4™ quartile. For all-cause mortality, NNT
decreased from 333 in the 1% quartile to 45 in

the 4" quartile. Although incidence of all SAEs
increased with each quartile in both treatment
groups (p for trend <0.0001), there was no
difference in incidence of SAEs between the
treatment groups in each quartile. However,
SAEs classified as hypotension were more
frequent in the 4™ quartile for the intensive
treatment group (incremental increase 1.8%,
NNH = 55) and SAEs classified as acute kidney
injury or acute renal failure were significantly
more frequent in the 2™, 3 and 4" quartiles
for the intensively treated group (incremental
increase 1.7%, 2.4% and 2.1%; NNH 59, 42 and
48, respectively). Therefore, those with greatest
baseline CVD risk got the most benefit from
intensive BP treatment but were at greater risk
for hypotension and renal injury. This analysis
may help providers and patients make decisions
regarding the intensity of BP treatment to
prevent death and CV events.
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Target Organ Damage Occurs at SBP Levels
Below the 95th Percentile in Adolescents: The
SHIP AHOY Study
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HTN leads to LV hypertrophy, increasing risk for
CV events. The BP level at which LVH develops
is not clear. We hypothesized that target organ
damage (TOD: LVH; arterial stiffness; pulse
wave velocity, PWV) occurs below the definition
of HTN in youth (95" %ile of BP). We evaluated
BP, anthropometrics, lab, LVM, and PWV in 180
adolescents (mean 15.8 + 1.5 yrs, 64% white,
57% male). Subjects were classified as normal
(L=104, SBP<80™ %ile), mid-risk (M=38, SBP 80-
<90™ %ile); or high-risk (H=38, SBP >=90%" %ile)
by mean of 6 aneroid SBPs according age, sex
and height-specific pediatric cut-points. ANOVA
was used to evaluate differences in CV risk
factors and TOD across groups. General linear
models were used to determine if SBP %ile was
an independent predictor of TOD. Logistic
regression was used to determine the SBP %ile
most sensitive and specific for predicting LVH.
Groups did not differ by age, sex, race or BMI
%ile. Mean BP increased across groups
(L=109/74, M=126/82, H=135/87 mmHg,
p<0.0001). LVM, and PWV also increased (LVM
L=31.5, M=34.7, H=35.3 g/m?7; PWV L=4.8,
M=5.2, H=5.3 m/sec, p<0.01). SBP %ile
remained a significant determinant of TOD after
adjusting for covariates including
demographics, age, BMI, HR (LVM: SBP %ile
B=0.04, R?0.32; PWV: SBP %ile B=0.01, R 0.29,
all p<0.0001). The 90*" %ile for SBP resulted in
the best balance between false + (14%) and
false - (13%) for LVH, however even at the 80"
%ile, 8% of cases of LVH were missed and 16%
(29 of 180) had LVH at SBP < 95™ %ile. TOD
occurs at levels lower than the pediatric
definition of HTN even after controlling for BMI.
Guidelines should consider TOD when setting
cut-points for treatment.
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Falls and Syncope Among Treated
Hypertensive Individuals With Lower Systolic
Blood Pressure

PrimaryAuthor.AuthorBlock:John J Sim, Kaiser
Permanente Los Angeles Medical Ctr, Los
Angeles, CA; Hui Zhou, Kaiser Permanente
Southern California, Pasadena, CA; Rong Wei,
Jocelyn Tran-Nguyen, Joel Handler, Kaiser
Permanente Southern California, Los Angeles,
CA; Jeffrey W Brettler, Kaiser Permanente West
Los Angeles Medical Ctr, Los Angeles, CA; Kristi


http://files.abstractsonline.com/CTRL/c9/6/74a/b8b/14b/410/685/070/35c/859/d30/a3/g376_1.jpg

Reynolds, Kaiser Permanente Southern
California, Los Angeles, CA

Objective: To determine whether lower treated
blood pressure (BP) was associated with serious
fall injuries and syncope among hypertensive
patients. Methods: A cross sectional study was
conducted within Kaiser Permanente Southern
California in patients age 218 yrs treated for
hypertension and with outpatient BP
measurements btwn 7/1/2014-6/30/2015. All
BP measurements were used to determine
mean and minimum (single lowest BP) systolic
BP (SBP) and categorized as <110 and 2110
mmHg. Serious fall injuries and syncope were
determined from emergency dept and inpatient
encounters. Results: Among 477,516 patients
(53% women, mean age 65 yrs), 14,724 (3.1%)
had mean SBP<110 and 127,581 (26.7%) had
minimum SBP<110. Overall, 15,419 (3.2%)
experienced a fall (7,458) and/or syncope
(8,763) with higher rates occurring in mean
SBP<110 (5.4 vs 3.2%) and minimum SBP<110
(5.7 vs 2.3%) compared to SBP>110. After
multivariate adjustment for potential
confounders, compared to patients with SBP
>110, the odds ratios (95%Cl) of falls, syncope,
and falls or syncope combined were 1.17 (1.04-
1.32),1.79 (1.63-1.96), and 1.52 (1.40-1.63),
respectively, for mean SBP <110; the
corresponding odds ratios (95% Cl) were 1.78
(1.70-1.86), 2.42 (2.31-2.52), and 2.11 (2.04 -
2.18) for minimum SBP<110 vs >110. Use of >2
medications, alpha blockers, older age, females
sex, dementia, peripheral vascular disease, and
congestive heart failure were also associated
with falls and syncope. Conclusion: Among
treated hypertensive patients, SBP <110 mmHg
was associated with serious fall injuries and
syncope. Low treatment related BP and
variability deserve consideration as we manage
our hypertension population.
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Bioavailability of Arginine versus Erbumine
Formulations of Perindopril in Healthy Subjects

PrimaryAuthor.AuthorBlock:Andrew Bishop,
PNWU, Yakima, WA

Perindopril is an angiotensin converting-enzyme
inhibitor with a proven track record in
cardiovascular clinical trials. Traditionally
formulated as the t-butyl amine (“erbumine”)
salt, perindopril’s arginine salt has been FDA-
approved in combination with amlodipine
besylate. The arginine salt has the advantage of
being more stable at higher temperatures or
humidity.

To demonstrate bioequivalence (using the
standard FDA definition of 90% confidence
intervals that are within 80-125% of the values
seen with the reference product), the
bioavailability of the two perindopril
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formulations was compared. After screening
121 healthy subjects, 30 (73% male, 38.9+9.5
years of age, 67% African American, BMI of
26.6+2.7 kg/m?) signed informed consent, and
were studied in a randomized, single-center,
single-dose, open-label, 2-period, 2-way cross-
over design with a 14-day washout period. After
an overnight fast, perindopril was administered
orally with 240 mL of water, and blood samples
taken at defined time points.

After dose-normalization (the arginine salt has a
molecular weight 1.43-fold greater than that of
the erbumine salt), all pharmacokinetic
parameters for perindopril plasma
concentrations were similar between
treatments. Mixed model analysis of these
parameters demonstrated bioequivalence (e.g.,
area under the time-plasma concentration
curve: 10.2 vs. 10.5 hreng/mL/mg, P = 0.54).
Very similar results with non-significant
differences were also seen for the
pharmacokinetics of perindoprilat (perindopril’s
active metabolite): 33.3 vs. 38.3 hreng/mL/mg,
P =0.17. Two subjects did not complete the
perindopril arginine arm of the study: one
withdrew consent, and the other experienced a
protocol deviation. No subjects experienced a
serious adverse event or withdrew due to a
treatment-emergent adverse event. Four
subjects reported adverse events after
perindopril arginine, and two subjects reported
neck pain or presyncope after perindopril
erbumine.

After dose-normalization, these two
formulations of perindopril meet all traditional
criteria for AB rating and interchangeability.
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Degradation of Ang-(1-7) in Different Mouse
Organs
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IntroductionAng-(1-7) has cardioprotective
effects that serve to counter-regulate adverse
effects of Ang Il in the cardiovascular system.
Angiotensin-(1-7) inhibits pressor, proliferative,
and cell growth promoting effects of Ang Il.
Furthermore, it shows anti-fibrotic and anti-
hypertrophic properties in preclinical models of
myocardial infarction.

It is well accepted that Ang-(1-7) is primarily
degraded to Ang-(1-5) by ACE in the
cardiovascular system. However, we have
preliminary results showing variations exist in
Ang-(1-7) degradation pathways in various
mouse organs. It is the aim of this study to
quantify the metabolites in individual organs
and to generate an organ-specific fingerprint of
Ang-(1-7) truncation.

Methods

Mouse organs were taken from male C57BL/6)
mice and homogenates/membranes were
prepared and measured for protein
concentration. Membrane isolations were
incubated with Ang-(1-7) and analyzed for
peptide identification on an LCMS system.
Results

Our results show that after 10 minutes Ang-(1-
7) is degraded fastest in lung (1%
[88108/6837249] of peptide remaining),
followed by Kidney (8% [544423/6837249])),
then liver (41% [2781701/6837249]), ventricle
(83% [5699496/6837249]), and brain (86%
[5868630/6837249]). Unsurprisingly, Ang-(1-5)
was a major degradation product for the lung,
kidney, and heart. However, we identified Ang-
(1-4) as another major degradation product in
lung and kidney. In contrast, the major



degradation product of Ang-(1-7) in the brain
and ventricle was Ang-(2-7). While Ang-(1-7)
metabolism in testes yielded a unique
angiotensin metabolite not observed in other
tissues, Ang-(1-7) was not at all converted in
atrium membranes.

Conclusions

Ang-(1-7) degradation varies greatly in speed
and metabolites between mouse organs. The
necessity to update the relatively old canonical
Ang-(1-7) degradation pathway is paramount
for drug viability and design. By identifying the
peptidases ultimately responsible for the
metabolism of Ang-(1-7), its circulating
concentration can be increased, thus improving
the benefits of its cardiovascular protective
effects.
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Liver Acquitted, Fat Indicted: Hepatic Chemerin
Knockdown Does Not Reduce Blood Pressure
While Whole-body Knockdown Does
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Chemerin is an inflammatory adipokine
positively associated with hypertension and
obesity with the majority of chemerin thought
to derive from the liver and adipose tissue. The
contributions of liver-derived chemerin to
plasma chemerin levels and blood pressure
regulation are unknown. We compared whole-

body vs liver chemerin inhibition using
antisense oligonucleotides (ASO) with liver-
restricted activity (GalNAc) or liver and fat
activity (Gen 2.5). We hypothesized that in
normotensive male SD rats, circulating
chemerin is predominately liver-derived and
regulates blood pressure. A scrambled ASO
control and phosphate-buffered saline (PBS)
were used as controls and radiotelemetry was
used to monitor blood pressure. Baseline mean
arterial blood pressure (MAP) was recorded for
one week, beginning 5 days after surgery to
establish a baseline. ASOs were given weekly by
subcutaneous injections for four weeks. Two
days after the final injection, animals were
sacrificed for tissue RT-PCR and plasma
chemerin measurements using Western
analysis. Gen 2.5 chemerin ASO treatments
(compared to PBS control) reduced chemerin
mRNA in liver, retroperitoneal fat, and
mesenteric perivascular adipose tissue (mMPVAT)
by 99.5% + 0.1%, 95.2% + 0.3%, and 69% * 2%,
respectively, and plasma chemerin was reduced
to undetectable levels. GaINAc chemerin ASO
treatments (compared to PBS control) reduced
chemerin mRNA in liver by 97.9% but had no
effect on chemerin expression in
retroperitoneal fat and mPVAT; plasma
chemerin was reduced by 90% + 5%. Gen 2.5
chemerin ASO treatment reduced MAP, which
reached a nadir of 7 £ 2.1 mmHg 48 — 72 hours
after each dose compared to the scrambled
ASO controls. By contrast, MAP was unchanged
in animals receiving the GalNAc chemerin ASO.
Thus, although most circulating chemerin is
liver-derived, plasma chemerin does not play a
role in blood pressure regulation. This study
suggests that while chemerin is still generally
associated with increased blood pressure,
circulating chemerin levels cannot directly
predict this effect. In addition, local effects of
chemerin from fat may explain this discrepancy
and support chemerin’s association with both
hypertension and obesity.
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Anti-hypertensive Mechanisms of Action of
Gg/11 Inhibitor Ligands
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Chronic blockade of individual G protein
coupled receptors (GPCRs) has proven to be
inadequate strategy for managing hypertension
partly because the subcellular heterotrimeric G
proteins that propagate intracellular signaling
can simultaneously couple to several other
vasopressor receptors. Whether blood pressure
can better be controlled by directly targeting G
proteins has not been thoroughly investigated
due to paucity of selective, cell-permeable
inhibitors. Here, we tested whether chemical
inhibition of Gg/11 proteins in vivo and ex vivo
using recently discovered small-molecule
inhibitor ligands, YM-254890 (YM), FR-900359
(FR) and WU-07047 (WU) is sufficient to reverse
hypertension in mice. Using ex vivo vessel
reactivity assay, we found that Gg/11 inhibitors
markedly reduced vasoconstriction evoked with
phenylephrine (PE), vasopressin, endothelin-1,
and the thromboxane analog U-46619.
Blockade of PE-induced contractility by the
Gg/11 inhibitors showed the following rank-

order potency: FRiogicso -0.008 £ 0 > YM ogicso -
0.49 + 0 > WU ogic50 -64.95 £ 6.4. YM and WU
but not FR inhibited PE-induced
vasoconstriction through G protein-dependent
and independent pathways by blocking L-type
calcium channel-mediated Ca?* influx. Acute
subcutaneous injection of FR and YM (0.3
mg/kg, s.c.) in normotensive and N®-Nitro-L-
arginine methyl ester (L-NAME) hypertension
mice elicited marked hypotension, which was
more severe (ASBP =-25+ 2.7 vs. ASBP =-21 +
2.2 mmHg) and long lasting (FRe1/2 = 12 hr vs.
YMuy/2 = 4 hr) after the injection of FR relative
to YM. In DOCA-salt hypertension mice, chronic
injection of FR (0.3 mg/kg, s.c., daily for seven
days) reversed hypertension (vehicle SBP: 149 +
5vs. FRSBP: 117 + 7 mmHg) and sustained
blood pressure reduction several days after
terminating the injection regimen (DOCA SBP:
141 + 2 vs. SBP 5 days post FR: 128 + 5 mmHg).
Our results together support the hypothesis
that increased Gqg/11 activity in blood pressure-
regulating organs is involved in the
pathogenesis of hypertension, and that direct
systemic blockade of Gg/11 reverses
hypertension. The findings provide clear
evidence for targeting Gg/11 in the
cardiovascular system as an effective therapy
for treating hypertension.
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Oxygen Drastically Increases Cardiac Output
Without Changing Mean Pulmonary Arterial
Pressure in a Patient With Severe, Progressive
Pulmonary Hypertension
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Background The diagnosis of PH requires a high
degree of clinical suspicion and is defined as a
mean pulmonary artery (mPAP) greater than or
equal to 25 mmHg. Systolic pulmonary artery
pressure (sPAP) can be estimated by
transthoracic echocardiolography (TTE) and
mPAP directly measured by right heart
catheterization (RHC). The hemodynamic data
obtained from RHC provide diagnostic,
therapeutic, and prognostic information
important for the complete assessment of PH.
We present a case of severe, progressive PH
evidenced by serial TTE over a 6-year period.
RHC confirmed severe mPAP elevation and
showed a marked increase in cardiac output
(CO) after giving 100% oxygen, observed with
no significant change in mPAP, but decrease in
heart rate (HR) and therefore increased right
ventricular (RV) stroke volume (SV) in response
to oxygen-induced decrease in pulmonary
vascular resistance (PVR). Method A 68 year old
female presented with exertional dyspnea,
severe PH, but class 1 exercise capacity. Data
was retrieved from serial TTE and RHC
performed at rest on room air and after giving
100% oxygen. Results Serial TTE conducted over
a 6-year period showed a steady progression of
sPAP at a rate of 10% annually, reaching 67
mmHg at the time of the RHC, which recorded
MPAP at 51 mmHg on room air (RA) and 47
mmHg with 100% oxygen. CO was at 5.84 L/min
on RA and increased by 33% to 7.79 L/min with
oxygen. HR was at 99 bpm on RA and at 88 with
oxygen meanwhile stroke volume (SV) showed
a 50% increase from 59 ml to 88 ml.
Discussion/Conclusion Our patient had no
significant change in mPAP facing oxygen-
induced decrease in PVR. Instead, there was a
marked increase in RV CO explainable only by
an increase in RV SV facing decreased RV

afterload, as HR decreased with oxygen. These
findings are consistent with the patient's class 1
exercise capacity despite having severe PH,
indicating an ability to increase CO with activity
and suggesting a positive response to
medications and better prognosis. Our case
shows the importance of assessing
hemodynamic data in the workup and
management of PH. We propose using TTE
assessment of CO coupled with 100% oxygen
administration in addition to sPAP estimation as
a noninvasive, readily available means of
obtaining this critical and underutilized
information.
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A Pharmacist Guided Patient Driven
Interdisciplinary Program to Improve Blood
Pressure Control in Patients with Hypertension
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Introduction Approximately 65% of patients
treated for hypertension do not meet blood
pressure goals. New strategies are needed to
improve this number given the high impact of
hypertension on CV disease. Dietary approaches
and patient-driven self-titration of BP
medications have been shown to be effective
and safe in clinical studies but are under utilized
in clinical practice. We present our experience
with this ongoing project Aims: ¢ Implement a
pharmacist-guided, patient-driven self-
monitoring and medication titration program. e
Implement standardized evidence-based dietary



counseling to hypertensive patients. ¢
Intervention e Patients with uncontrolled
hypertension on 3 or fewer anti-hypertensive
agents were contacted to participate. ¢ BP goals
were established based on individual risk
factors. e Patients were referred to the clinical
pharmacist who devised a personalized plan for
BP medication titration. e Provide Education on
dietary modification was provided to patients.
The project was first introduced at the
University of Colorado Hospital CKD clinic and
then transitioned to the primary care setting at
A.F. Williams Family Medicine Center.
Outcomes ¢ Appeal--both to providers and
patients via pre/post survey e
Adherence/effectiveness--tracked via patient
EMR blood pressure entries ® Adverse Events
(via survey) experienced by patients will be
analyzed Results: ¢ At time of submission 19
patients have been enrolled and 3 patients have
completed 6 month follow-up visits e Of all
ongoing and completed patients adherence to
protocol is 72.2% e 2 of the 3 patients
completing 6 month follow-up had significant
improvement in blood pressure (avg 16.26
mmHG) e Comparison of descriptive statistics
gathered from pre and 6 mo program provider
surveys suggest favorable acceptance of
program from renal providers ¢ All patients
enrolled received dietary counseling with 3
patients receiving formal dietary consults.
Conclusion Our model for self-titration and
dietary counseling appears to be feasible, safe
and well received from providers. At the time of
submission this project is ongoing, however
early results from patients completing the
protocol appear to be promising.
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Blood Pressure Regulation After Lisinopril
Therapy in Persons With Diabetes
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Objectives: The aim of this study was to assess
the regulation of blood pressure after three
months of antihypertensive therapy in persons
with type 2 diabetes mellitus. Design and
Methods: The study sample consisted of 398
persons with arterial hypertension and type 2
diabetes, aged 63.9+9.6 years. Hypertension
was treated with 10 mg lisinopril (98 patients),
20 mg lisinopril (140 patients), or with fixed
combination of 20 mg lisinopril and 12.5 mg
hydrochlorothiazide (160 patients). Blood
pressure (BP) was measured by an oscillometric
device at the beginning of the study, one month
later, and after three months of therapy. A
‘well-regulated’ blood pressure was defined as
systolic BP less than 140 mmHg, and/or diastolic
BP less than 90 mmHg one month and three
months after the initiation of therapy. Logistic
regression was used to predict good regulation
of SBP and DBP after three months of therapy in
relation to age, gender, smoking habits, body
mass index, and regulation of blood pressure
one month after the beginning of therapy.
Results: At the beginning of the study, the
average SBP was 159.4+12.7 mmHg, average
DBP was 96.3+8.5 mmHg. After one month,
average SBP was 140.5+18.6 mmHg, average
DBP was 87.8+8.1 mmHg. At that stage, SPB
was well-regulated in 127 persons (31.9% of the
sample), whereas DBP was well-regulated in
189 persons (47.5% of the sample). After three
months of therapy, average SBP was 132.419.0



mmHg, and average DBP was 81.6£6.0 mmHg.
At that stage, SPB was well-regulated in 286
persons (71.9% of the sample), whereas DBP
was well-regulated in 339 persons (85.2% of the
sample). The only significant predictor for the
good regulation of SBP after three months of
therapy was good regulation of SBP one month
after the beginning of therapy (Odds
Ratio=2.44; 95% Confidence Interval =1.44-
4.13). The only significant predictor for the
good regulation of DBP after three months was
good regulation of DBP one month after the
beginning of therapy (OR=8.08; 95% Cl =3.71-
17.63). These prediction models were
independent of age, gender, body mass index,
smoking habits, and lisinopril treatment.
Conclusion: The regulation of BP after three
months of antihypertensive therapy with
lisinopril depends on the good regulation of BP
one month after the initiation of therapy.
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Hypertensive Patients Health Beliefs and
Management Behaviors in a Tertiary Health
Institution in Nigeria
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Eze, Oriyomi M Mohammed, Univ of Lagos,
Yaba Lagos, Nigeria

Background/Objective: Hypertension remains a
major global public health concern. Despite
available effective therapies and lifestyle
interventions, optimal control of blood pressure
remains a very serious health challenge to
healthcare professionals especially in most

developing countries like Nigeria. Studies done
among African Americans suggest that beliefs
play important role in hypertension control or
management behaviors. We therefore carried
out a study to assess hypertensive patients’
knowledge and beliefs about hypertension and
how they affect their management behaviors.
Method: The study was centered at the
outpatient cardiology clinic of Lagos University
Teaching Hospital(LUTH). It was a cross
sectional descriptive study with the use of
interviewer-administered validated structured
guestionnaires. The Hypertension Knowledge-
Level Scale was used to assess knowledge about
hypertension. A questionnaire based on Health
Belief Model was used to assess patients’
beliefs and management behaviors. Ethical
clearance was obtained from the Research and
Ethics committee of LUTH and patients consent
sought prior commencement of the study. The
data obtained was analyzed using SPSS version
20.0 using descriptive and inferential statistics.
Result: A total ninety patients (52 males & 38
females) were interviewed. The level of
knowledge of hypertension among the
respondents was above average, 57.8%( 52 of
90) had good knowledge while 42.2% (38 of 90)
had poor knowledge. Majority of the
respondents had poor management behaviors
(65.6%, 59 of 90). This could be attributed to
poor cues to action (56.7%, 51 of 90) and high
positive response (70%, 63 of 90) to perceived
barriers in adopting lifestyle modification and
medication adherence. However, high positive
response was recorded for perceived
susceptibility (74.4%, 67 of 90), severity (88.9%,
80 of 90), benefits (93.3%, 84 of 90), and self-
efficacy (75.6%, 68 of 90).

Conclusion: The study shows that high
knowledge of hypertension as seen among the
respondents did not translate into good
management behavior which could be as a
result of their beliefs or poor response to cues
to action.
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Standardised and Interdisciplinary
Management of Hypertensive Urgency
Improve Patients Medicalcare and Follow Up
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Acute severe hypertension (ASH) includes low
risk to life threatening events and is defined as
sustained blood pressure (BP) > 180/100
mmHg. There are 2 types of ASH: hypertensive
emergency (HE), and hypertensive urgency
(HU). The difference is the presence (HE) or
absence (HU) of acute target organ damage
(TOD). Unassisted HU can evolve to HE. More
than 80 % of ASH was HU with inadequate
managment. The aim of the present study was
to standardize the HU management based on
interdisciplinary team work and to differenciate
low from high risk HU. We studied 193 patients
with ASH (64+12,6 years old, 117 women and
76 men). HU evaluation consisted of physical
exam, ECG, chest X-Ray, full blood and urine
work, retinal exam. Patient education and
patient’s follow-up inmediately after acute
presentation were also included. We identified
2 HU populations: High-risk HU (previous
hypertensive patients or with chronic TOD), and
low-risk HU (no TOD). The latter would rest for
1 h until BP <160/100 mmHg. High-risk HU
typically present 4" sound, ventricular
hypertrophy, creatinine>1.5 mg/dL or “arterial-

venous” crosses in retinal exam, and will receive
pharmacological treatment (orally labetalol 200
mg). We monitored patients for 2 h after the
drug was administered, and if BP <160/100,
patients were sent home, to keep rest, follow a
low-sodium diet and be reevaluated 24 h later.
If BP >160/100 mmHg patients will receive a 2™
dose of labetalol. The study revealed that 41 of
193 pacients (22%) were not diagnosed with
high BP before, and chronic TOD was identified
in 19 of them. From 152 hypertensive patients,
only 31 (20%) were adequately managed and
treated. The most frequent cause that triggered
HU was the dietary transgression (excessive salt
ingestion). In conclusion, standardized
assessment and management of HU revealed
that a high percentage of patients with high BP
lack adequate diagnosis and/or management,
and end up developing HU. Implementation of
resting allowed us to achieve the goal of
BP<160/100 in low-risk HU patients. High-risk
HU patients were best and safe treated with
orally labetalol. The new guideline also secured
a medical follow-up of all HU patients,
decreasing their fall-off of the medical system
(<10%) and improving their long-term medical
management.
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Bridging the Gap: Comparison of Hypertension
Management Between Internal Medicine

Residency and Faculty Practices
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Thakur, Crozer Keystone Health System,
Upland, PA

Introduction: Studies have shown significant
racial and geographical disparities in the
management of hypertension. Not much has
been studied about differences of hypertension
management in a residency practice Aim: Our
study aims to compare hypertension
management between an Internal Medicine
residency and faculty practice. Methods: We
retrospectively collected data from office
electronic medical record. We included all
patients with diagnosis of hypertension(ICD10:
110), between the age 45-60 years, seen
between August 1, 2015 and August 1, 2016.
Our exclusion criteria were patients with age
<45 years or > 60 years, diabetes mellitus, and
pregnant patients. A total of 600 charts were
reviewed. Eighty one patients were excluded.
We collected the following variable; age, gender
race, number of office visits in one year, total
number of medications used, smoking status,
BMI and rate of physician blood pressure
checks. The resident group had 259 patients
and faculty group had 260 patients Results:
There was no significant difference in blood
pressure control between two practices. The
age and gender distribution between the two
practices was similar but there was a significant
difference in racial distribution. Residents saw
more African American patients as compared to
faculty. There were more smokers seen in
resident practice. The rate of repeat physician
blood pressure checks after medical assistant
was similar. The two practices were in different
parts of Delaware County with a significant
difference in uninsured rate. The Residency
practice was in a city with uninsured rate of
16.3% compared to 2.0% for the faculty practice
Conclusion: The study showed that there is no
significant difference in the hypertension
management between resident and faculty
practices despite significant racial, financial and
insurance coverage disparities.
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Low Intensity Stimulation of Aortic
Baroreceptors as a Potential Therapeutic
Alternative for Hypertension Treatment
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Carotid baroreceptor stimulation has been
clinically explored for antihypertensive benefits
but aortic baroreceptor modulation remains
untouched for clinical translation. Published
studies use large current/voltage amplitudes
(10V), longer pulse widths (2 ms) or ultra-high
frequencies (70-100 Hz). These are energy
inefficient neuromodulation methods. Our main
goal was to identity optimal nerve stimulation
parameters that would provide a sustained
drop in mean arterial pressure (MAP) of ~30
mmHg. We stimulated aortic depressor nerve
(ADN) in spontaneously hypertensive rats (SHR,
n=4) at low ranges of frequencies, pulse
amplitudes and pulse widths. Under urethane
anesthesia, left ADN was stimulated for 20
seconds at varying frequencies (1, 2.5 and 5 Hz)
and pulse amplitudes (0.2, 0.4 and 0.6 mA) at
0.1, 0.2 or 0.5 ms pulse width. A frequency-
dependent depressor response was seen at all
pulse amplitudes and widths used. Lower pulse
amplitudes (0.2 mA) produced ~18 mmHg MAP
drop at all pulse widths tested. Higher pulse
amplitude (0.4 and 0.6 mA) produced similar



drop in MAP of ~¥34 mmHg. The return to
baseline values was relatively prolonged with
higher charge injection with 32 seconds at 0.2
mA (0.1 or 0.2 ms at 5 Hz, maximum effect size:
-18 mmHg) versus 42 seconds at 0.4 or 0.6 mA

(0.1, 0.2 or 0.5 ms at 5 Hz, maximum effect size:

-34 mmHg). There was no added benefit of
pulse amplitudes beyond 0.4 mA. We conclude
that low intensity stimulation is an effective
alternate way to neuromodulation of the ADN.
This will enable low energy consumption for
neuromodulation. Future studies will study
impact of these parameters in conscious SHR
rats.

Effects of 20-s ADN stimulations at 5 Hz
on MAP response in the SHR
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Target Organ Damage in Hypertensive
Patients: A Comparison Using 24h-ABPM
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Introduction: BP assessed by ABPM is better
related to TOD than office measurement.
Evaluate TOD patients presented at a
Hypertension Lab for first screening.
Methods: 353 hypertensive (188 Female, aged

19-89) by 24h-ABPM (Spacelabs 90307), lab.
tests, LVMIU by Echo (Terason, M3000), Divided
in two groups: Controlled [C] by 24h-BP
(<130x80 mmHg) and Not controlled [NC]
(>130/80 mmHg), albuminuria (ALB).

Results: Table shows no difference detected in
lab panel, except Glu, Trygl, ALB and LVMI.
Discussion: Expected Higher, Glu, trygl, ALB
levels and LVMI, in NC group, with significant
statistical differences comparing C group.
Expected because the high blood pressure are
the trigger to TOD.

Conclusion: Screening with 24-h ABPM is a
valuable tool to hypertensives patients and
should be used more frequently to prevent TOD
progression.

Pable - Dereographr, i plane. blood pressure by 24h ABFM and clrical Ieatures of
Controled ad Non Cormsoiied hyseressive patierts
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Bmall in Perivascular Adipose Tissues
Regulates Blood Pressure Rhythmicity via
Angiotensinogen
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Background:the perivascular adipose tissue
(PVAT), surrounding vessel walls, constitutes a
distinct functional integral layer of the vascular
wall. Presence of a functional PVAT is beneficial
for the regulation of vascular tone under
physiological conditions while dysfunctional
PVAT may promote damage of the vessel wall
and development of cardiovascular diseases.
However, there is little mechanistic information
regarding the relationship between PVAT and
blood pressure regulation. Methods:We
investigated the vasoactivity of mouse vessel
rings in response to homogenized PVAT and
how Bmall and angiotensinogen in PVAT
regulate the rhythmicity of blood pressure in
mice. Results:Our results demonstrate that loss
of Bmall in PVAT reduces blood pressure of
mice during the rest phase. PVAT extracts
significantly induce contractility of isolated
blood vessel rings in vitro in an endothelium
independent manner, and the PVAT extracts
from brown adipocyte selective Bmall deficient
mice result in reduced vessel contractility. The
capability of PVAT to stimulate vessel
constriction is mediated by angiotensin Il (Ang
1) signaling present in PVAT evidenced by
angiotensinogen being highly expressed in PVAT
and the blockage of angiotensin Il type 1
receptors in the isolated vessels significantly
repressing the pro-contractile effect of PVAT
extracts. Consistently, the angiotensinogen
mRNA and Ang Il levels in PVAT of Bmall
deficient mice are significantly reduced.
Deletion of angiotensinogen in PVAT results in
reduced blood pressure in the rest phase as
well, and vessel contractility of the PVAT
extracts from angiotensinogen deficient mice is
significantly reduced. Furthermore, Ang I
infusion reduces Bmall expression in PVAT.
Deletion of angiotensinogen in PVAT decreases
expression and phosphorylation of casein
kinase -2 alpha and -2 beta (CK2a and CD2B), in
turn, enhancing Bmall phosphorylation.
Conclusions:these data indicate that local
Bmall in PVAT regulates angiotensinogen

expression and secrets Ang |l that acts on
smooth muscle cells (SMCs) in the vessel walls
to regulate vasoactivity and blood pressure.
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Pairing the Mobile Device: Does the
Engagement of Student Health Coaches Help
Patients Use Smart-phone Enabled Devices for
Blood Pressure Monitoring?

PrimaryAuthor.AuthorBlock:Elena Vasti, Mark
Pletcher, Madelaine Faulkner, UCSF Sch of Med,
San Francisco, CA

Research Question: Does pairing of health
coaches with smartphone-enabled blood
pressure cuffs improve hypertension control
and self-monitoring in a medically underserved
area (MUA)?

Introduction/Context: This pilot study aims to
assess whether infusing tech-savvy youths
trained as health technology coaches would (1)
be a feasible approach in an MUA and (2)
improve the frequency of self-monitoring,
patient satisfaction, and blood pressure control
of Stockton residents.

Methods: Patients with hypertension were
randomly assigned to 1 of 3 intervention arms.
The “Cuff Alone" (CA) group was provided a
QardioArm cuff only, and was encouraged to
use the cuff at their convenience. The “Student
Alone" (SA) group was instructed to meet for 30
minutes once a week for 5 weeks with a student
health coach who had completed a 3-day health
coach training. The third group “Student Plus
Cuff" (SPC) group received both a QardioArm




cuff and student coach. Student coaches and
patients were surveyed about their experience
in the project.

Results: Participants (n=27) were randomly
assigned (9:9:9). All 15 students completed
training and 6/15 students (40%) completed all
5 meetings with their assigned patient. Barriers
to feasibility included transportation and
patient response drop-off at the end of the
study. There was a statistically significant
difference in frequency of cuff use (SPC vs CA
groups, 37v17, p<0.01). The initial blood
pressures for SPC, SA and CA groups were
139/78, 142/84, and 149/85 mmHg,
respectively. Final BP readings were 128/69,
150/85, and 145/85 mmHg, respectively. The
SPC group was the only group that reached
adequate BP control, though it was not
statistically significant (p=0.89). 77% of the SPC
group rated the project overall as excellent,
compared to CA and SA (77% vs 55% vs 44%).
78% of SPC participants reported their blood
pressure to be well controlled most days of the
week, compared to CA (32%) and SA (22%).
Conclusions: This pilot trial demonstrated
feasibility of pairing technology with that young
student coaches, though challenges existed. The
SPC group used their cuff more than twice the
frequency of the CA group. Patients were more
engaged in the SPC group, resulting in better
blood pressure control by both self-reported
and objective measures.
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White Coat Effect is Common Among Stroke
Survivors
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Background and Purpose: Among stroke
survivors, uncontrolled hypertension is a major
risk factor for recurrent stroke. Blood pressure
(BP) medication titration often relies on office
BP measures, which may be inaccurate due to
the white coat effect (WCE). We sought to
determine the prevalence of the WCE in stroke
survivors and to determine whether clinical and
demographic factors were associated with WCE.
Methods: We followed ischemic and
hemorrhagic stroke and transient ischemic
attack patients with prior hypertension
presenting to our stroke clinic for a BP study.
Sitting BP was obtained by a medical assistant
using an office automated BP machine (OABP).
Patients also underwent BP measurement using
BPtru, an automated machine that measures
and averages five BPs with the patient alone in
a room. BPtru approximate BPs obtained by the
gold standard ambulatory blood pressure
machine. Systolic BP (SBP) obtained by BPtru
was subtracted from that obtained by OABP.
WCE was defined as SBP difference 2 10mmHg.
Uncontrolled BP was defined as SBP > 135
mmHg by BPtru or 2 140 mmHg by OABP. We
used student t-tests (continuous) and chi-
squared or Fischer’s exact tests (categorical) for
univariate analyses. Results: Of 94 patients,
mean age was 60 (SD 12), 60.6% were male,
26.6% were Non-Hispanic White, 46.8% were
Black, and 23.4% were Hispanic. Systolic OABP
was 13.2 mmHg (SD 19.3) higher than BPtru SBP
(student t-test; p <0.001). WCE was present in
58.5 % of participants and BP was misclassified
as uncontrolled in 21.2%. In univariate analyses,
age (p =0.14), sex (p = 0.78), race (0.07), stroke
type (0.92), body mass index (p = 0.65), and
tobacco use (p = 0.35) were not significantly
associated with presence of WCE. The presence
of normal SBP by OABP was associated with a
decreased likelihood of WCE (p = 0.006).



Conclusions: Among hypertensive stroke
patients following in a clinic, WCE was highly
prevalent and one-fifth of patients were
misclassified as uncontrolled. Neither race nor
other previously described predictors of WCE
were associated with WCE in this study. Our
findings suggest that in patients with elevated
office BP, findings should be confirmed with an
automated machine like BPtru in order to avoid
over-titration of medication or incorrect
assessment of BP control.
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Increased Diastolic Blood Pressure Post-mild
Exercise is Associated With Early Structural and
Functional Cardiovascular Abnormalities
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Background: Previous research has suggested
that an increase in SBP post-mild exercise is
correlated with early structural and functional
cardiovascular abnormalities. Purpose: To
determine if an increase in diastolic blood
pressure post-mild exercise (DBP PME) is
associated with early structural and functional
cardiovascular abnormalities. Methods: 1416
untreated, asymptomatic subjects were

screened for early indicators of cardiovascular
disease using the Early CVD Risk Score
(ECVDRS), also known as Rasmussen Risk Score
(RRS), which consists of a panel of 10 tests;
large (C1) and small (C2) artery stiffness, resting
BP and post mild exercise (PME), CIMT,
abdominal aorta and left ventricle ultrasounds,
retinal photography, microalbumuria, ECG, and
pro-BNP. 267 subjects were normotensive. Of
those subjects, 12 had a increase in DBP PME,
23 had no change in DBP PME, and 232 had a
decline in DBP PME. Focus was placed on the
three known tests recommended for early CVD
assessment; C1, C2 and CIMT. Results: As seen
in Figure 1.0, a rise in diastolic blood pressure
PME is statistically evident for an increased risk
of early structural and functional cardiovascular
abnormalities. A significant increase in
abnormalities was noted with C2 and CIMT with
subjects whose DBP increased PME. Conclusion:
Assessment of diastolic blood pressure PME is
an easy, noninvasive, inexpensive test that can
be performed by any health care practitioner to
evaluate the risk of CVD in patients. Any
increase in diastolic blood pressure PME should
warrant physicians on the urgency to further
investigate and treat patients to divert the
progression of CVD.
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Postpartum Catastrophe With Intracerebral
Hemorrhage and Concurrent Cardiomyopathy
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Introduction Postpartum Cerebral Angiopathy
(PCA) or Reversible Cerebral Vasoconstriction
Syndrome (RCVS) is a rare but important
postpartum syndrome characterized by severe
headaches with complications including
seizures and intracranial hemorrhages.
Peripartum cardiomyopathy (PPCM) is a known
non-ischemic cardiomyopathy occurring mostly
in the immediate postpartum period. This case
is one of its kind to show the unique
combination of PPCM and PCA. Case Report 32
years old Hispanic female with no past medical
history presented with worsening headache
since epidural anesthesia used for her
uneventful spontaneous vaginal delivery six
days ago. While in ED she suddenly developed
left hemiplegia and an immediate CT head
showed right basal ganglia intracerebral
hemorrhage causing 10mm right to left midline
shift. An emergent frontotemporal craniotomy
and evacuation of hemorrhage was done. A
cerebral angiogram the next day showed diffuse
cerebral arterial vasoconstriction responding to
intra-arterial verapamil suggestive of RCVS. An
echocardiogram was completely normal and
vasculitis workup was negative. Patient was
started on nimodipine however she became
hypotensive requiring pressors. A week later
repeat angiography showed persistent
vasospasm and a repeat echocardiogram
showed dilated left and right ventricles with
global impairment in systolic function and an EF
of 15-20%. The subsequent day there was a
change in her neurological status where she lost
all brain and brainstem reflexes, pupils got fixed
and dilated. CT brain showed global edema and

tonsillar herniation. Apnea test was done which
was consistent with the diagnosis of brain
death. Discussion The pathophysiologic
mechanism of RCVS is believed to be related to
altered cerebral auto regulation in response to
endothelial injury that usually resolves in 3
months. The diagnosis can be made by cerebral
angiography, MRA or CTA that shows multifocal
segmental arterial constrictive lesions. It is likely
that a combination of diffuse persistent
cerebral vasospasm accompanied by poor
cardiac function that culminated in eventual
brain death of this healthy, postpartum patient.
Management includes calcium channel
blockers, sequential cerebral angiograms and
supportive care.
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Hydralazine Prevents the Rupture of
Experimental Cerebral Aneurysms in
Hypertensive Rats

PrimaryAuthor.AuthorBlock:Takeshi Miyamoto,
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Introduction. Subarachnoid hemorrhage (SAH)
is a catastrophic event with high morbidity and
a poor prognosis. While epidemiological studies
showed that hypertension is a risk factor for
aneurysmal rupture, it remains unclear whether



lowering the blood pressure (BP) prevents the
rupture of aneurysms. Under the hypothesis
that lowering the BP prevents the rupture of
experimental cerebral aneurysms, we
investigated whether hydralazine reduces the
incidence and rupture of aneurysms in our rat
model. Methods. In 10-week-old female
Sprague-Dawley rats (n=34) we elicited
estrogen deficiency, renal hypertension, and
hemodynamic stress. Two weeks later, they
were divided into 2 groups; group 1 (n=17) was
treated perorally with hydralazine (100
mg/kg/day), group 2 (n=17) was the vehicle
control. We recorded their death or abnormal
behavior in the course of 90 days and inspected
ruptured aneurysms. Results. At 2 weeks, both
groups manifested an increase in the systolic BP
(SBP) (group 1, 205 mmHg; group 2, 207
mmHg). After 30-, 60-, and 90-days, the SBP
was lower in group 1 than group 2 (150 vs 210
mmHg, 163 vs 211 mmHg, and 173 vs 210,
mmHg, respectively). In the course of 90 days, 9
group 2 (53%) and 8 group 1 rats (47%)
developed cerebral aneurysms. The rupture
rate was lower in group 1 (3/8, 38%) than group
2 rats (9/9: 100%). While hydralazine did not
prevent the development of aneurysmes, it
prevented their rupture. gRT-PCR performed on
day 35 showed the down-regulation of MCP-1
and MMP-9 in the cerebral vascular wall of
group 1 rats. Conclusion. Our findings suggest
that lowering the SBP may prevent the rupture
of cerebral aneurysms via the down-regulation
of MCP-1 and MMP-9 in the cerebral vascular
wall.
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Inhibition of Endoplasmic Reticulum Stress
Prevents Intracranial Aneurysmal Rupture in a
Mouse Model
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[Background] Aneurysmal subarachnoid
hemorrhage (SAH) can cause significant
mortality and morbidity. To develop a therapy
for prevention of intracranial aneurysmal
rupture and subsequent SAH, it is important to
clarify the mechanism of intracranial
aneurysmal rupture. Stimulation of the renin-
angiotensin system (RAS) causes hypertension
and cardiovascular remodeling. Recent
evidence shows that angiotensin Il enhances
endoplasmic reticulum (ER) stress and inhibition
of ER stress prevents angiotensin ll-induced
vascular remodeling but not hypertension in
mice. RAS has also been implicated in
intracranial aneurysms. We have previously
shown that angiotensin Il receptor blocker
(losartan) prevented intracranial aneurysmal
rupture in a mouse model without affecting
systemic hypertension. To clarify the
mechanism of intracranial aneurysmal rupture
via RAS, we have tested our hypothesis that
inhibition of ER stress prevents intracranial
aneurysmal rupture in a mouse model.
[Method] We used a mouse model of




intracranial aneurysms in which spontaneous
aneurysmal rupture causes neurologic
symptoms. Intracranial aneurysms were
induced in wild type mice by a single
stereotactic injection of elastase (35mU) into
the cerebrospinal fluid at right basal cistern and
deoxycorticosterone (DOCA)-salt hypertension.
Vehicle or 4-phenylbutyric acid (PBA, ER stress
inhibitor, 100mg/kg/day) was subcutaneously
injected into all mice once a day. To detect
aneurysmal rupture, we performed daily
neurological examinations. Symptomatic mice
were euthanized immediately when they
developed neurological symptoms, and all
asymptomatic mice were euthanized 21 days
after aneurysm induction. The incidence of
aneurysms and rupture rate were compared
between vehicle group and PBA group.
[Results]The incidence of aneurysms was not
significantly different between two groups
(100% in vehicle, 20 of 20 vs. 87% in PBA, 20 of
23, p=0.09). However, rupture rate was
significantly lower in the PBA group (60%, 12 of
20) than the vehicle group (95%, 19 of 20).
(p=0.008). [Conclusion] Inhibition of ER stress
reduced aneurysmal rupture in a mouse model
of intracranial aneurysm induced by
combination of elastase injection and DOCA-salt
hypertension.
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Hypertension Trends in Florida Stroke Patients.
The Florida Puerto Rico Collaboration to
Reduce Stroke Disparities
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AIM: To describe hypertension prevalence
(HTN) in a race diverse stroke registry and
investigate associated presentation in patients
admitted for acute ischemic stroke (AIS) and
hemorrhagic stroke in Florida hospitals
participating in the Florida Collaboration to
Reduce Stroke Disparities (CReSD).
BACKGROUND: HTN affects about 30% of U.S.
adults and this prevalence doubles among
stroke survivors. HTN is a major risk factor for
incident stoke and recurrent stroke. Quantifying
the prevalence of HTN in stroke survivors is
important to guide secondary stroke
prevention. METHODS: 121,333 stroke cases
were analyzed from 69 FL hospitals
participating in the AHA Get With the
Guidelines-Stroke Program and FL CReSD Stroke
Registry. Hypertension was defined as systolic
blood pressure >140mmHg. Demographics and
CV risk factors were collected at admission. We
investigated the differences in HTN prevalence
between race groups: white (65%), black (20%)
and Hispanic (15%) as well as between age
groups: 18-60, 61-80 and >80 years old.
Temporal trends of HTN prevalence were also
analyzed from 2010 to 2016. RESULTS: In our
stroke population, mean age was 70+15 and
60,667 were women (50%). HTN prevalence
was 65% (78,553/121,333). Patients with HTN
were significantly older (mean age 72414 vs.
67116 in non-HTN patients) and presented
significantly higher prevalence of other CV risk
factors such as diabetes, hyperlipidemia and
had more previous stroke/TIAs. Women had
greater prevalence of HTN (66% vs. 64% in
males) in all age groups. Greater HTN
prevalence was in blacks (70%) compared to



white (64%) and Hispanics (58%) in all age
groups. Interestingly, a significantly higher
prevalence of HTN was found in AlS compared
to hemorrhagic stroke but a higher SBP was
observed in hemorrhagic strokes compared to
AlIS. Prevalence of HTN decreased of 8% from
2010 to 2016. Largest decline was observed
among women (9%) and blacks (13%).
CONCLUSIONS: In our large Stroke Registry we
observed higher prevalence of HTN in women,
blacks and AIS. We also observe a decreasing
trend over the past 7 years, especially among
women and minorities (blacks and Hispanics).
These findings provide an opportunity to design
and implement interventions to reduce
disparities in HTN and improve stroke outcome.

Disclosures:M. Simonetto: None. N.H. Shah:
None. K. Wang: None. M.A. Ciliberti-Vargas:
None. C. Gutierrez: None. C. Dong: None. J.
Sanchez: None. D. Foster: None. J.G. Romano:
B. Research Grant (includes principal
investigator, collaborator, or consultant and
pending grants as well as grants already
received); Modest; Genentech (for role as Pl of
the Mild and Rapidly Improving Stroke Study
(MaRISS), Genentech (for Steering Committee
role of the Potential for rtPA to Improve Stroke
with Mild Symptoms (PRISMS) Study). G.
Consultant/Advisory Board; Modest;
Vycor/NovaVision (for Scientific Advisory Board
role). R.L. Sacco: G. Consultant/Advisory Board;
Modest; Boehringer Ingelheim consultant for
secondary stroke prevention trial with
Dabigatran. T. Rundek: None.

Funding: Yes

Funding Component: Greater Southeast Affiliate
(Alabama, Florida, Georgia, Louisiana,
Mississippi, Puerto Rico & Tennessee)

P120

Down Regulation of Add3 in Astrocytes
Induces Pro-inflammatory and Fibrotic Factors

and May Contribute to Alzheimer’S-related
Dementias
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We genetically mapped a mutation in Add3 in
FHH rats that decreases Add3 expression in
various tissues, including brain and cerebral
vessels, and further decreases with age in
comparison with FHH.1BN congenic rats in which
Chr. 1 from BN rats containing 15 genes,
including Add3, was transferred onto FHH
genetic background. More recently, we
demonstrated that Add3 dysfunction
contributes to cerebral vascular impairments in
FHH rats, and they exhibit BBB leakage and
neurodegeneration after the development of
hypertension. In addition, AR protein expression
in the brain in FHH rats is increased as early as 8
weeks of age. Reactive astrogliosis is a common
finding in neurodegenerative diseases and
activated astrocytes promote
neurodegeneration. Moreover, astrocyte
dysfunction affects AB clearance and AP
accumulation is a well-defined feature of
Alzheimer’s disease. To further explore whether
astrocytes contribute to neurodegeneration and
cognitive impairments in FHH rats, we knocked
down Add3 expression using Add3 Dicer-
substrate RNAi (DsiRNA) in human astrocytes
and found that GFAP and IL-6 expression was
markedly enhanced in comparison to scramble
siRNA treated cells using a g-PCR array.
Moreover, the expression of TGF-f2 and TGF-B3
was elevated by 2.0 £ 2.9 and 1.8 + 1.8 folds,
respectively, in Add3 DsiRNA treated astrocytes.
In addition, the actin cytoskeleton was
disrupted in Add3 DsiRNA treated astrocytes.
We found that FHH rats exhibit a reduction in
neuronal density and neuronal size in the
hippocampus following the induction of
hypertension with DOCA/salt. This was



associated with loss of capillary density (22.7 £
0.001% in FHH and 9.6 + 0.014% in FHH.1%", n =
7 and 9, respectively) and greater expression of
GFAP positive astrocytes and loss of neurons in
affected areas. Hypertensive FHH rats took 2.5
times longer to escape from an eight-arm water
maze as compared to control strains. These
results suggest that down regulation of Add3 in
astrocytes disrupts the actin cytoskeleton to
induce reactive astrogliosis and release of pro-
inflammatory and fibrotic factors, which
promotes inflammation

and disrupts AB uptake, all of which may
contribute to neurodegeneration and cognitive
deficit associated with aging and hypertension
in FHH rats.
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Dipper Pattern and Albuminuria in Controlled
and Uncontrolled Hypertensive Patients
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BP assessed by ABPM is better related to TOD
than office measurement. Evaluate TOD
patients presented at a Hypertension Lab for

first screening.

Methods: 278 hypertensive (147 Female, aged
19-89) by 24h-ABPM (Spacelabs 90307), lab.
tests, LVMI by Echo (Terason M3000); Divided
in two groups: Controlled [C] by 24h-BP
(<130x80 mmHg) and Not controlled [NC]
(>130/80 mmHg), albuminuria (ALB) was log
transformed in order to allow proper analysis.
Dipping pattern 24h-ABPM: dipper (DP) (>10-
20%), nondipper-absente (NDP) (<10%), reverse
dipper (RDP)(> 20%).

Results: Table 1 and 2 : Demography and
ALB,LVMI. No differences detected in lab panel,
except Glu, Trygl, ALB and LVMI.

Discussion: Expected Higher LVMI, Glu, trygl,
ALB levels, in NC group, with significant
statistical differences comparing C group.
Expected reverse dipping pattern would show
differences when compared with dipper pattern
but probably the small number of subjects
didn’t allow detect such differences.
Conclusion: Screening with 24-h ABPM is a
valuable tool to hypertensives and dipper
pattern should be achived to prevent TOD
progression.

Table 1- Dermography, bicod prevuare by 24h-ABPM and clinizal features of Controlled and
Mot Controlied Frypertensive patients.
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Plasma Circulating microRNAs as Potential
Biomarkers in Chronic Kidney Disease
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Background: Chronic kidney disease (CKD) is a
global health burden with a worldwide
prevalence of 13.4% for stage 5 and 10.6% for
stage 3-5. There is an epidemiological
association between hypertension (HTN) and
CKD. The prevalence of high blood pressure (BP)
has been reported to be over 85% in stage 3
and over 90% in stage 4-5 CKD patients.
Circulating cell-free small non-coding RNAs
called microRNA (miRNA) have been shown to
associate with different pathologies including
cancer and cardiovascular disease, and
accordingly possesses potential to serve as

biomarkers with clinical application. We aimed
to identify differentially expressed (DE) miRNAs
that may be related to CKD.Methods and
results: Normotensive, HTN (systolic BP > 135
mmHg or diastolic BP of 85-115 mmHg with
BPtru) and CKD (estimated glomerular filtration
rate (eGFR) < 60mL/min/m?) subjects (h=15-16
per group) were studied. Platelet-free plasma
was isolated by a 2-step centrifugation (1000xg
followed by 10,000xg) from 6 ml total blood.
Plasma miRNAs were extracted using the
QlAamp Circulating Nucleic Acid Kit. The
quantity and quality of RNA were assessed
using an Agilent 2100 Bioanalyzer. cDNA
libraries were prepared using the TruSeq Small
RNA Library Prep Kit, and sequenced with the
HiSeq 2500 platform. FastQC was used for
quality control. Sequences were mapped by
STAR to the hg38 genome and annotated by
miRDeep2. DE miRNAs were identified using
EdgeR, which found 6 up-regulated and 3 down-
regulated miRNAs uniquely associated with the
HTN group, 2 up-regulated and 12 down-
regulated miRNAs uniquely associated with the
CKD group and 3 down-regulated miRNAs in
both groups (P<0.01 & g<0.1). Two down-
regulated miRNAs in the HTN group, miR-26a-
5p (r=-0.33, P<0.05) and miR-151a-5p (r=-0.33,
P<0.05), were correlated with SBP. One up-
regulated miRNA in CKD group, let-7g-5p
(r=0.31, P<0.05), was correlated with eGFR.
Conclusions and perspectives: DE platelet-free
plasma miRNAs were identified in HTN and CKD
patients. Some miRNAs may have the potential
to serve as biomarkers in CKD.
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Obesity and Alterations in Renal Function in
Adolescents Born Preterm With Very Low Birth
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Background:

Survival of children born preterm has improved
dramatically, but prematurity and low birth
weight may increase the risk of renal disease.
Children born preterm have a lower glomerular
filtration rate (GFR) and higher blood pressure
(BP) compared to term peers, but compounding
risk factors for renal disease among children
born preterm remain poorly characterized.
Indeed, patient factors such as obesity may
influence the development of kidney disease.
Thus, we hypothesize that obesity is associated
with decreased renal function in adolescents
born preterm with very low birth weight.
Methods:

We measured systolic and diastolic BP, serum
creatinine, and urine albumin at age 14 years in
124 adolescents born preterm with very low
birth weight (mean birth weight 1056 g). We
calculated the GFR by the Schwartz equation
and the albumin-to-creatinine ratio (ACR) on
morning urine samples. We used generalized
linear models to estimate the association
between obesity [body mass index (BMI) 295t
%ile for age and sex, n=27] and renal function,
adjusting for race, sex, maternal smoking during
pregnancy, and birth weight z-score.

Results:

Obesity was associated with higher systolic BP
(p=0.03). Compared to adolescents with BMI
<95™ %ile, those with obesity had lower GFR (8:
-14.68 mL/min/1.73 m?, 95% Cl -26.8 to -2.55).
Adjustment for covariates attenuated this

relationship (8: -10.05 mL/min/1.73 m?,-21.12
to 1.03). Adolescents with obesity had a higher
serum creatinine, but this did not reach
statistical significance (8: 0.05 mg/dL, -0.01 to
0.11). There was no difference in the ACR (8: -
0.05, -0.13 to 0.02).

Conclusions:

Obese adolescents born preterm with very low
birth weight exhibit higher systolic BP and lower
GFR compared to those with BMI <95% %ile,
though the statistical significance of the
relationship with GFR weakened after
adjustment for possible confounders.
Importantly, sex was a significant confounder
that may influence the relationship between
GFR and obesity, as female adolescents had
significantly lower GFR than male adolescents.
While obesity should be avoided, other factors
should be considered that may contribute to
worse renal function in adolescents born
preterm with very low birth weight.
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Role of Add3 Dysfunction in Renal Epithelial
Cells in the Development of Renal Injury in Fhh
Rats
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The Fawn Hooded Hypertensive Rat (FHH) is a
genetic model of hypertension, in which Add3
has been identified as a candidate gene for
renal injury but the mechanism is unknown. The
present study examined the effects of
knockdown of Add3 on rat renal epithelial (NRK)
cells which are the model system for podocytes
and proximal tubular cells. Knockdown of the
expression of Add3 using a 27-mer Dicer-
substrate RNAi (DsiRNA) decreased cell viability
using an MTS assay by 50% in comparison to
cells treated with vehicle or scrambled DSIRNA
(Add3DsiRNA, OD 0.5+0.1; untreated cells
0.910.1; NC-1 0.9+0.1; n=8, P<0.001). F-actin
immunostaining revealed that Add3 DSiRNA
markedly disrupted the cytoskeleton, and the F-
actin staining intensity/cell ratio was
significantly reduced (untreated 543+47, n=552
cells; NC-1 592439, n=566 cells; Add3DsiRNA
430458, n=385 cells, P<0.05). The maximum
mitochondrial respiratory rate was reduced in
Add3 DsiRNA treated cells (untreated 444+42;
NC-1414+32; Add3 DsiRNA 275116
pmole/min/ug, P<0.01). Proton leak was higher
(untreated 42+3; NC-1 40+4; Add3 DsiRNA 6315
pmole/min/ug, P<0.002) and oxygen

consumption coupled to ATP production was
decreased in Add3 DsiRNA treated cells
(untreated 229412, n=9; NC-1 200+12, n=8;
Add3 DsiRNA 146+11 pmole/min/ug, n=9,
P<0.001). Spare respiratory capacity, an index
of cell fitness, was reduced by knockdown of
Add3 (untreated 154+42, n=9: NC-1 143432,
n=8; Add3DsiRNA 33+16 pmole/min/ug, n=9,
P<0.001). Non-mitochondrial oxygen
consumption rate (OCR/pug protein) increased in
cells treated with Add3 DsiRNA (untreated
57+7; NC-1 80+11; Add3DsiRNA 11615
pmole/min/ug, P<0.01) suggesting a possible
metabolic switch to glycolytic oxygen
consumption. In conclusion, knockdown of
Add3 in NRK cells disrupts the actin
cytoskeleton, promotes mitochondrial
dysfunction and decreases cell viability. Loss of
Add3 function may contribute to proteinuria in
FHH rats by altering the cytoskeleton and
promoting effacement and loss of podocytes
and the reuptake of filtered protein in the
proximal tubule.
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RNA Sequencing of Left-ventricular Tissue
Highlights Novel Pathways Impacted by the



Loss of miR-146b-5p in a Rat Model of Chronic
Kidney Disease
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Chronic kidney disease (CKD) mediates
pathological changes in heart and vascular
tissues, yet many molecular mechanisms by
which renal injury directly affects cardiovascular
pathology (CVD) are unknown. miRNAs are
proposed to be powerful regulators of
pathophysiological signaling networks; having
the potential to radically change the landscape
of mRNA transcript expression and protein
abundance in the context of health and disease.
We have profiled the expression of miRNAs in a
rat model of CKD — the 5/6 nephrectomy
(5/6Nx) — with the objective to identify miRNAs
with strong effects on CKD-mediated CVD. One
such miRNA, miR-146b-5p (miR-146b), is highly
upregulated in 5/6Nx rats compared to sham-
operated controls at 7-weeks post-5/6Nx in
both the kidney (5.4 fold increase; p<0.05) and
the heart (1.6 fold increase, p<0.05), a time-
point at which we see maximal renal and
cardiac pathology. To examine the effects of
miR-146b upregulation in our model of CKD, we
performed RNA sequencing on cardiac tissue at
7 weeks post-5/6Nx in both wild-type (WT)
Sprague-Dawley (SD) rats and a unique CRISPR-
Cas9-mediated miR-146b knockout strain (miR-
146b7) created on the SD background. Of 3,018
genes differentially regulated by more than 1.5-
fold (absolute value) in miR-146b”" vs. WT rats
after 5/6Nx, 135 had significantly altered
expression (adjusted p-value <0.05). We filtered
all differentially expressed genes through
Ingenuity Pathway Analysis to identify affected
signaling networks in miR-146b”" vs. WT rats
that correlate with observed pathological
phenotypes. The expression pattern of
differentially regulated genes in these networks
indicates predicted activation of pathways that

contribute to tissue fibrosis and mineralization,
reactive oxygen species signaling, and the
inflammatory and immune responses. These
pathways are enriched with predicted miR-146b
target genes and correlate closely with
observed phenotypes in miR-146b7" 5/6Nx rats;
including increased renal fibrosis and
mineralization of cardiovascular tissue, and the
well-known role of miR-146b in negative
feedback regulation of NFkB signaling. These
preliminary analyses uncover unique networks
of genes regulated by miR-146b that may
contribute to CKD-mediated CVD.
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Regulation of Short Chain Fatty Acid Receptors
in the Kidney by microRNAs is Influenced by
Hydrogen Sulfide Supplementation

PrimaryAuthor.AuthorBlock:Gregory Weber,
Sathnur Pushpakumar, Utpal Sen, Univ of
Louisville, Louisville, KY

Hypertension affects nearly one third of the
adult US population and is a significant risk
factor for chronic kidney disease (CKD). An
expanding body of recent studies indicates that
gut microbiome has crucial roles in regulating
physiological processes through, among other
mechanisms, one mode of short chain fatty
acids (SCFA) and their target receptors. In
addition, these SCFA receptors are potential
targets of regulation by host miRNAs, however,
the mechanisms through which this occurs is
not clearly defined. Hydrogen sulfide (H,S) is an
important gasotransmitter involved in multiple
physiological processes and is known to



alleviate adverse effects of hypertension such
as reducing inflammation in the kidney. To
determine the role of host microRNAs in
regulating short chain fatty acid receptors in the
kidney as well as the gut, C57BL/6J wild-type
mice were treated with or without Ang-II (1000
ng/kg/min) and H,S donor GYY4137 (GYY)
(133 uM/kg'/d?) for 4 weeks to assess whether
GYY would normalize adverse effects observed
in hypertensive mice and whether this was in
part due to altered gut microbiome
composition. We observed several changes of
SCFA receptors and predicted microRNA
regulators in the kidney among the different
treatments. Haptoglobin, a marker for intestinal
epithelial barrier integrity, was increased in
hypertensive mice (97 ng/mL) compared to
control (48 ng/mL), GYY (64 ng/mL) and Ang-
[I+GYY (71 ng/mL). The glomerular filtration rate
(GFR) was improved in mice treated with Ang-
[I+GYY (963 pl/min*/100 g body wt) compared
with Ang-Il (480 pl/min™/100 g body wt™)
indicating improved kidney function. GYY
supplemented mice had increased function
(1219 pl/min/100 g body wt) compared to
controls (981 pl/min™/100 g body wt). The
Erysipelotrichia class of bacteria, linked with
altered SCFA production, was enriched in
hypertensive animals but reduced with GYY
supplementation. The TM7-3 phyla of bacteria
are speculated to have anti-inflammatory
properties and were found enriched in GYY only
mice, supporting an anti-inflammation effect of
H.S. These data point towards a role for miRNA
regulation in hypertension and are beneficially
influenced by HsS in both the kidney and
potentially through changes in gut microflora.
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Chromogranin A Pathway: From Pathogenic
Molecule to Renal Disease
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Introduction Chromogranin A (CHGA) is
released into circulation with catecholamine
from secretory granules of chromaffin cells and
post-ganglionic sympathetic neurons. Several
CHGA gene polymorphisms contributing to
traits of autonomic blood pressure control,
hypertension and hypertensive nephropathy
have been identified. Plasma CHGA is elevated
in hypertension and renal failure. This study
seeks to understand the role of CHGA in the
progression of CKD/ ESRD. Hypothesis Kidney
injury results in elevated expression of CHGA
which in turn affects biochemical and
physiological traits that determine progression
and development of CKD/ESRD. Methods The
remnant kidney model was used to investigate
the influence of CHGA on kidney function in
response to injury. Distinction in response to
kidney injury in wild-type (WT) and Chga-/- (KO)
mice was evaluated by measuring glomerular
function, fibrosis and microarray analysis.
Mesangial cells were treated with CHGA to
delineate pathway leading to inflammation and
fibrosis. Results Nephrectomy (Npx)
exacerbated azotemia in WT mice compared to
their KO counterparts. WT-Npx mice displayed
far excess fibrosis as equated with KO-Npx.
Gene expression profiling revealed greater
mitochondrial dysfunction due to Npx in WT
mice. Mesangial cells in culture treated with
CHGA, triggered NO release, by a signaling



mechanism involving SR-A. CHGA treatment
augmented NO production by a 2-step
mechanism involving upregulation of iNOS and
the arginine transporter Slc7a7. CHGA-treated
vs. untreated cells exhibited differential
involvement of cytokine, chemokine,
complement, acute phase pro-inflammatory
markers and apoptotic pathway genes. Plasma
creatinine and CHGA was measured in a twin
population (N=740) and an inverse correlation
between GFR and CHGA was observed.
Therefore, in both mice and humans an inverse
correlation suggested decrease in glomerular
function with increasing plasma CHGA
concentration. Conclusions Kidney injury leads
to elevated levels of CHGA which serves as an
insult to the mesangial cells resulting in
reduction of mitochondrial efficiency, concerted
transcription of genes involved in NO
production, inflammation and fibrosis,
progression of CKD and development of ESRD.
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Intensive Blood Pressure Management in
Chronic Kidney Disease Patients: An Analysis of
the SPRINT Dataset

PrimaryAuthor.AuthorBlock: Haares Mirzan,
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Steinkamp, Kimberly Lu, Boston Univ, Boston,
MA

Introduction

Systolic Blood Pressure Intervention Trial
(SPRINT) determined that among non-diabetic
patients with increased CV risk, intensive
management of systolic blood pressure (SBP) to
a target of 120 mmHg resulted in lower rates of
CV events and all-cause mortality, as opposed
to the standard goal of 140 mmHg. Current
management of BP in the CKD population
shows conflicting evidence on target SBP. With
the use of patient-level SPRINT data, our study
investigates the risks and benefits of intensive
BP management in patients with CKD at
baseline and is the largest study of intensive BP
management in CKD patients (n=2646).
Methods

The similarity between CKD patients in standard
and intensive blood pressure management
groups with regard to age, race, gender,
estimated GFR (eGFR), and baseline SBP were
assessed and no differences were found
between the two groups. Differences in
mortality, adverse events, and rates of
achieving BP targets in intensive and standard
BP management groups were examined. Cox
proportional-hazards models were used for the
events analysis. Multiple linear regression was
used to assess the differences in achieving BP
targets.

Results and Discussion

We highlight three key findings. First, the
average post-management SBP was higher in
CKD patients than in non-CKD patients in both
standard (p = 0.017) and intensive (p < .001)
groups, controlling for age, race, gender, eGFR,
and baseline SBP, possibly indicating greater
difficulty in controlling BP in CKD patients .
Second, intensively-treated CKD patients had
increased risks for intervention-related adverse
events, including events that resulted in
disability, hospitalization, or harm that may
have required medical or surgical intervention
(p <.001). They also experienced higher rates of
AKI related adverse events (p<.008). Third,
intensive management showed a mortality



benefit (HR: .725; 95% Cl, .532 to .987), a
finding that may help clarify conflicting reports
in current literature.

In conclusion, we present an analysis of CKD-
specific SPRINT data in order to elucidate the
clinical benefits and risks of intensive BP
management in the CKD population.
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Antihypertensive Drugs and Risk of Cancer: A
Systematic Review and Meta-Analysis of 391,
790 Patients

PrimaryAuthor.AuthorBlock:Nur A Che Roos,
Safaa M Alsanosi, Mohammed A Alsieni,
Mayetri Gupta, Sandosh Padmanabhan, Univ of
Glasgow, Glasgow, United Kingdom

Introduction: The potential risk of cancer
associated with antihypertensive drugs has
been disputed for decades as additional
outcomes from randomized controlled trials
(RCTs), observational studies, and meta-
analyses showed conflicting results. Objective:
To assess the risk of cancer in patients exposed
to major antihypertensive drug classes.
Methods: We searched bibliographic databases
for RCTs published between 1950 to December
2015 studying angiotensin-receptor blockers
(ARB), angiotensin-converting enzyme inhibitors
(ACEi), beta-blockers (BB), calcium channel
blockers (CCB), and thiazide diuretics (TZ). RCTs
with at least one year duration of planned
active treatment and a minimum of 100
participants per treatment arm were eligible.
Main outcome measures: Cancer and cancer-

related deaths from the RCTs. Both fixed-effect
and random-effects models were conducted
and results were expressed as odds ratio (OR).
Results: We identified 91 RCTs enrolling 391,
790 participants with an average follow-up of
3.4 years. There was no evidence of excess risk
for cancer with ARB, ACEi, BB, and TZ (refer
Fig.1). For CCBs, there was an increased risk of
cancer (OR 1.07 95%Cl 1.02, 1.1) with minimal
heterogeneity (1>=13%). Subgroup analysis did
not differ significantly between
dihydropyridines (DHP) and non-
dihiydropyridines subclasses. There was no
statistically significant association between
antihypertensive drug classes and risk of cancer
deaths. Conclusions: Our results suggest that
ARB, ACEi, BB, and TZ are not associated with
increased risk of cancer. CCB therapy shows an
increased risk of cancer. Further investigation
on the risk of cancer with CCB is warranted.
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A Map of SPRINT's Data-free Zone

PrimaryAuthor.AuthorBlock:Luke Joseph Laffin,
Stephanie A Besser, Francis J Alenghat, Univ of
Chicago Med, Chicago, IL

120 mmHg is an optimal SBP goal according to
the SPRINT trial. However, certain inclusion and
exclusion criteria cloud its broad applicability. It
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is critical to understand which patients are well
represented and reasonable candidates for
intensive BP goals. Using only trial inclusion and
exclusion criteria diminishes the fact that
subjects are unevenly distributed across these
criteria. A patient may fit study constraints, yet
be poorly represented. Conversely, a patient
may be excluded based on a parameter, and
declared an inhabitant of a "data-free zone,"
yet in other respects resemble the trial
population.

We defined and mapped the "data-rich, data-
limited, and data -free zones" of SPRINT based
on subjects’ baseline characteristics and not on
inclusion and exclusion criteria. For each
participant (n=9245), a z-score was computed
for 6 variables: age, SBP, glucose, non-HDL-C,
creatinine, and BMI. Standardized coefficients
from multivariable logistic regression, based on
SPRINT’s primary end-point, were used to weigh
variables. Summary Scores (SS) were generated
for each subject to scale with the Euclidean
distance of participants from the theoretical
"average patient" in six dimensional space.

A SS of 0.56 represents the 90th percentile and
0.74 represents the 97.5th. These were chosen
as borders between the data-rich, data-limited,
and data-free zones. SS were then calculated
for 2007-14 NHANES participants with age >35,
SBP>130, and HbA1c<7. The NHANES
population mapped onto SPRINT data zones
shows a landscape of applicability by race and
sex (Figure).

Defining data zones based on patient
characteristics holds promise to refine the
applicability of trial results.
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The Acute Effect of the Creatine Kinase
Inhibitor Beta-GPA in Healthy Man (ABC-Trial):
A Randomized Placebo Controlled First-in-
human Trial

PrimaryAuthor.AuthorBlock:Fares A Karamat
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USA, Cincinnati, Ohio, USA, OH; Lizzy M
Brewster Female, Academic Medical Ctr
Amsterdam, Amsterdam, Netherlands

Aim Increasing evidence indicates that the ATP-
generating enzyme creatine kinase is involved in
hypertension. Creatine kinase rapidly
regenerates ATP from creatine phosphate and
ADP. Recently, we showed that beta-
guanidinopropionic acid (GPA), a kidney-
synthesized creatine analogue and competitive
inhibitor of creatine kinase, effectively and
safely reduced blood pressure in spontaneously
hypertensive rats. To further develop the
substance as a potential blood pressure-
lowering agent, we assessed the tolerability of a
sub-therapeutic GPA dose in healthy men.
Methods In this active and placebo-controlled,
triple-blind, single-center trial, we recruited 24
healthy men (18 to 50 years old, BMI 18.5 to
29.9 kg/m?) in the Netherlands. Participants
were randomized (1:1:1) to one week daily oral
administration of GPA 100 mg, creatine 5 gram,
or matching placebo. The primary outcome was
the tolerability of GPA, in an intent-to-treat
analysis.
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Results Twenty four randomized participants
received the allocated intervention and 23
completed the study. One participant in the
placebo arm dropped out for personal reasons.
GPA was well tolerated, without serious or
severe adverse events. No abnormalities were
reported with GPA use in clinical safety
parameters, including physical examination,
laboratory studies, or 12-Lead ECG (Tablel).

At day 8, mean plasma GPA was 213.88 (SE
0.07) in the GPA arm vs. 32.75 (0.00) nmol/L in
the placebo arm, a mean difference of 181.13
(95% Cl 26.53 to 335.72).

Conclusion In this first-in-human trial, low-dose
GPA was safe and well-tolerated when used
during 1 week in healthy men. Therefore, GPA is
suitable for dose escalation trials
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Increased Cardiovascular Parasympathetic
Tone in African Americans With CD36 Partial

Deficiency

PrimaryAuthor.AuthorBlock:Shahram Ejtemaei
Mehr, Vanderbilt Univ Medical Ctr, Brentwood,
TN

Cardiovascular disease is the leading cause of
death among African Americans (AA). Reduced

parasympathetic tone as measured by high
frequency heart rate variability (HFgrgi) predicts
cardiovascular mortality. HFgg is reduced after a
high fat meal through caveolar sequestration of
muscarinic M2 receptors. The fatty acid
translocase CD36 is a protein abundant in the
myocardium and important for heart function
and lipid metabolism. CD36 plasma membrane
localization and function in fatty acid uptake is
modulated by its interaction with caveolin. One
in four AAs are G-allele carriers for CD36 SNP
rs3211938 resulting in ~50% decreased CD36
expression. CD36 deficiency also reduces fat
taste perception, which might lead to higher fat
intake to reach taste saturation. We tested the
hypothesis that obese AAs with partial CD36
deficiency have altered parasympathetic tone
during fasting and after a high-fat meal. We
recruited 13 G-allele carriers and 39 non-
carriers. Subjects were matched by age
(P=0.820), BMI (P=0.751), and blood pressure
(P=0.701). There was a trend towards reduction
in heart rate in carriers (P=0.07). Baseline HFg
was elevated in G carriers (557.1 [251 to 942]
vs. 224 [95 to 655] ms?, P=0.046). Eleven
subjects received a high-fat meal (700 Cal/m?
BSA, 80% fat). HFgsiwas measured at baseline
and 30, 60, 120, 240 minutes after meal. Non-
carriers (n=4) showed a time-dependent decline
in the percent change in HFggi(-23, -32, -70, -84,
respectively). In G-allele carriers (N=6), the
decline in HFgg( (21, -11, -61, -70 min) was
attenuated. Conclusion: AAs with partial CD36
deficiency have enhanced fasting
parasympathetic tone and a blunted response
to a high fat meal.
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Angiotensin-(1-7) Does Not Acutely Lower
Blood Pressure in Patients With Essential
Hypertension

PrimaryAuthor.AuthorBlock:Amy Christine
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Biaggioni, Alfredo Gamboa, Vanderbilt Univ
Medical Ctr, Nashville, TN

Angiotensin (Ang)-(1-7) is a beneficial renin-
angiotensin hormone that produces
vasodilation to lower blood pressure (BP) in
animal models of hypertension. There are
limited clinical studies, however, and it is
unclear if Ang-(1-7) contributes to BP regulation
in human hypertension. We propose the
difficulties in showing cardiovascular effects in
previous clinical studies relates to the buffering
capacity of the arterial baroreflex. In this study,
we tested the hypothesis that Ang-(1-7) would
produce negligible effects on BP with intact
baroreceptors, and that the cardiovascular
effects of this hormone would be unmasked
following elimination of baroreflex buffering. To
test this, we examined the effects of acute
intravenous Ang-(1-7) infusion (ascending doses
from 0.5 to 20 ng/kg/min) on supine BP in

subjects with essential hypertension under
intact conditions and following acute autonomic
withdrawal with the ganglionic blocker
trimethaphan in a randomized, open-label,
crossover study. BP was restored to baseline
levels following autonomic blockade with
individually titrated phenylephrine doses. Seven
subjects with essential hypertension completed
this study (6 male; 4814 years of age; 2912 body
mass index). All subjects were withdrawn from
antihypertensive medications for at least two
weeks, and were placed on a fixed sodium diet
(150 mEqg/day) for three days, prior to each
study day. When comparing change from
baseline to maximum dose, Ang-(1-7) did not
alter systemic hemodynamics under intact
conditions (systolic BP: 3+4 mmHg; diastolic BP:
3+1 mmHg; heart rate (01 bpm). In contrast to
our hypothesis, Ang-(1-7) did not elicit a BP-
lowering effect under autonomic blockade
(systolic BP: 108 mmHg, p=0.299 vs. intact;
diastolic BP: 7+3 mmHg, p=0.512; heart rate: -
2+1 bpm, p=0.166). Plasma Ang-(1-7) was
measured in 4 subjects and showed an
approximate 3-fold increase with infusions
[0.840.7 baseline vs. 2.1+1.2 ng/mL after Ang-
(1-7)]. These findings suggest that infusion of
Ang-(1-7) to levels within a physiologic range
does not acutely induce vasodilation to lower
blood pressure in essential hypertension. We
cannot exclude that Ang-(1-7) lowers BP by
sympathetic inhibition, since those pathways
were excluded by our study design.
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Increased Gut Permeability and Dysbiosis in
Patients With Pulmonary Arterial Hypertension

PrimaryAuthor.AuthorBlock:Ruby Goel,
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Introduction Pulmonary arterial hypertension
(PAH) is a fatal disease and vasodilators are the
mainstay for its therapy. However, they offer
restricted advancement opportunities for the
control and treatment of PAH. Thus, the PAH
field needs a paradigm-shifting strategy for its
successful management and control. Objective
To test the hypothesis that gut microbial
dysbiosis and its increased permeability are
associated with PAH. Methods Healthy control
subjects and patients with PAH were recruited
from two hospitals in the Americas to ascertain
the wider applicability of our hypothesis. Fecal
samples of PAH patients (n=19) and control,
reference subjects (n=16) were obtained at the
Hospital de Clinicas de Porto Alegre, Brazil, for
microbiota analysis. Plasma/serum samples
were collected from PAH patients (n=22) and
control, reference subjects (n=19) at the Mayo
Clinic, Jacksonville, Florida, USA, for analysis of
gut leakiness and inflammatory biomarkers.
Results In PAH patients, a significant decrease
in abundance, diversity and evenness of gut
microbial population was observed as measured
by 16S ribosomal DNA analyses of fecal
samples. Analysis of fecal bacteria populations
also demonstrated significant increases in gram-
positive, facultative-anaerobic genera, such as

Actinomyces, Bifidobacterium Slackia, and
Streptococcus in PAH patients. Further, plasma
zonulin and iFABP, the biomarkers for gut
leakiness increased by 40.3% (p=0.0018) and
81% (p=0.0012), respectively in PAH patients.
High plasma LPS, HMGB1, and TIMP1 levels are
involved in increased gut inflammation and gut
mucosal injury. We also observed LPS, HMGB1,
and TIMP1 levels were increased by 363%
(p=0.0096), 20.5% (p=0.0027), and 213%
(p<0.0001), respectively in PAH patients.
Conclusions PAH patients demonstrate
profound gut microbial dysbiosis and increased
permeability and inflammation. Further
characterization of PAH specific microbial
species holds novel management potential with
the use of pre- and probiotics, designer
antibiotics, appropriate fecal/bacterial
transplantation, on top of background proven
therapies.
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Is Heart Failure With Preserved Ejection
Fraction a Gut Disorder?
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Background and Objective: Heart failure (HF)
with preserved ejection fraction (HFpEF)
accounts for ~50% of HF hospitalizations, is



associated with poor quality of life and, has a
mortality rate comparable with many cancers.
To date, no therapies have proven effective in
slowing disease progression, mainly due to
limited understanding of underlying
mechanisms. Mounting evidence suggests the
intestine and gut microbiota play an important
role in chronic inflammation in HF, and also
hypertension, a history of which is present in
most HFpEF patients. However, information

about intestinal involvement in HFpEF is limited.

Accordingly, we investigated the hypothesis
that disturbed intestinal barrier function
contributes to translocation of endotoxin and
inflammation activation in HFpEF. Method and
Results: Left ventricular (LV) function, intestinal
permeability, circulating lipopolysaccharide
(LPS, an endotoxin and strong inducer of pro-
inflammatory cytokines) and high-mobility
group box protein (HMGB1, a nuclear protein
that triggers inflammation) were examined in a
mouse model of HFpEF [4w continuous infusion
of subpressor dose of angiotensin Il
(0.2mg/kg/d)] and 4 patients with HFpEF and 4
reference subjects. Impaired LV diastolic
function (increase in LVEDP and Tau, both
p<0.05) occurred in the mice with 3-fold
increased intestinal permeability, 1.8-fold
elevated LPS levels (137+7 vs control 7716
pg/ml, p<0.005) and 4-fold increased HMGB1
levels (23842 vs control 56116 ng/ml, p<0.05).
Stimulating human coronary artery endothelial
cells with 10pg/ml LPS for 48h resulted in 3-fold
elevation of HMGB1 (29+4 vs control 1243
ng/ml, p<0.05) that was suppressed by butyrate
(1743 ng/ml). Patients with HFpEF had a 2-fold
increase in zonulin (31+3 vs 1442 ng/ml) and 4-
fold LPS elevation (152418 vs 3243 pg/ml),
(both p<0.05 vs reference subjects), confirming
gut barrier dysfunction with translocation of
endotoxin. Conclusions: HFpEF is associated
with increased gut permeability that facilitates
LPS translocation activating inflammation
resulting in endothelial damage. Thus, the gut

could be a novel target for therapeutic
interventions in patients with HFpEF.
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Ischemic Evaluation in Patients With
Hypertensive Emergency / Urgency and Acute
Systolic Heart Failure: Is Coronary Angiography
Required for All?

PrimaryAuthor.AuthorBlock:Jared W Davis,
Muhannad Almubarak, Samuel K McElwee,
Amrita Mukherjee, Firas Al-Solaiman, Mark F
Sasse, Massoud A Leesar, Arka Chatterjee, Univ
of Alabama at Birmingham, Birmingham, AL

Aim: Patients presenting with hypertensive
urgency / emergency (HU/E) often have systolic
heart failure(S-HF). Coronary angiography is
routinely done for these patients to rule out
obstructive coronary artery disease (O-CAD).



We performed a retrospective study to
investigate predictors of O-CAD in this
population.

Methods: Consecutive patients who underwent
angiography to investigate S-HF and had
hospital admissions for HU/E in the preceding 6
months were included in the study. Chart
review was performed to obtain demographic,
clinical and imaging / angiographic data.
Statistical analysis was performed using SAS 9.4
software.

Results: 205 patients [age 58.9 + 14.4 years;
62.4 % male; 39.5% diabetic; median EF 25%
(Inter Quartile Range: 11)] were included in the
study. 33.1% patients (n=68) had O-CAD. Age >
60 years (Odds Ratio: 2.3; 95% Confidence
intervals: 1.3-4.3), Diabetes (OR: 2.1; 95% Cl:
1.2-3.8), history of stroke (OR: 2.7; 95% Cl: 1.1-
7.0) and presence of regional wall motion
abnormalities (RWMA; OR: 7.4; 95% Cl: 3.4-
16.1) and abnormal perfusion study (OR: 7.6;
95% Cl: 1.5-39.6) were significantly associated
with O-CAD while African American (AA) race
was a protective factor (OR: 0.4; 95% Cl: 0.2-
0.8). ROC curves constructed using an age cut
off of 60 years along with non AA race, diabetes
and RWMA yielded a good fit with a c statistic
of 0.75.

ROC Curve for Model
Area Urdder the Curv = 07504

Conclusions: Our results suggest that only a
minority of patients with HU/E and S-HF have
obstructive CAD. It may be possible to stratify
patients using demographic and non-invasive
tests to direct only those with high likelihood of

O-CAD for coronary angiography. These results
should be validated in large registry
populations.
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Intrauterine Growth Restriction Programs a
Greater Age-related Decline in Renal Function
Associated With Increased Susceptibility to
Chronic Renal Injury
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Ojeda, Barbara T. Alexander, Univ of Mississippi
Medical Ctr, Jackson, MS

Epidemiological studies indicate that low birth
weight (LBW) is associated with a reduction in
nephron number, hyperfiltration, hypertension,
and accelerated loss of renal function. Yet, the
mechanisms involved are not understood. Our
laboratory uses a rodent model of LBW that
results in hypertension but no change in
glomerular filtration rate (GFR) in male
intrauterine growth restricted (IUGR) offspring
in early adulthood. The aim of this study was to
test the hypothesis that IUGR programs a
greater decline in GFR with aging and that it
enhances susceptibility to a chronic renal insult.
Male rats underwent sham (S) or uni-
nephrectomy (UNI-X) with measurement of GFR
two months post-surgery at 6 (young adult) and
14 months, or one month post-surgery at 19
months of age. GFR (mL/min/100 g body
weight), determined by transcutaneous FITC-
sinistrin clearance, was significantly decreased
with age in IUGR S and IUGR UNI-X (**P<0.001
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and *P<0.05 vs 6-month-old counterparts,
respectively; Table). Although not significant,
IUGR S had a higher mean GFR than Control S in
young adulthood suggesting baseline
hyperfiltration as a potential contributor to the
greater age-related decline in GFR in IUGR
offspring. In IUGR UNI-X at 19 months: GFR was
significantly reduced ("P<0.05 vs IUGR S),
urinary NGAL was increased (59872 vs 11620
ng/day in IUGR S; P<0.05), and renal TNF-a and
TGF-B mRNA expression were elevated (9- and
3-fold greater than both Control UNI-X and
IUGR S; P<0.05). Thus, these data indicate that
IUGR programs a greater age-related decline in
GFR and increased susceptibility to chronic
renal injury in later life that is associated with
an enhanced renal inflammatory response to
injury.
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Control Sham 110 059 (X
IUGR Sham 136 [ [E
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Alterations in Cardiac Structure and Function
in Young Adults Born Extremely Preterm:
Impact of Neonatal Bronchopulmonary
Dysplasia
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OBJECTIVE: Studies support a causal association
between preterm birth and increased risk of
cardiovascular diseases. Increased left and right
ventricular mass and impaired systolic and
diastolic function has been reported in young
adults born preterm. However, the impact of
extreme preterm birth and prematurity-specific
complications on adult cardiac structure and
function has not been evaluated. We assessed
cardiac structure and function in young adults
born extremely preterm (EPT) versus term, and
correlated long term cardiac remodeling with
neonatal bronchopulmonary dysplasia (BPD).
METHODS: Eighty five EPT (gest. age = 27.1+1.4
weeks) were recruited along with term-born
controls matched for age, sex and
socioeconomic status. Birth and neonatal data
(gestational age, birth weight, BPD indicated by
O requirements at 36 weeks postmenstrual
age) was collected. Ambulatory blood pressure
(Spacelabs) and echocardiographic
measurements (Phillips) were taken.
Comparisons were performed using ANOVA or
T-test. RESULTS: EPT presented with increased
systolic (11949 vs 1168 mmHg, P<0.05) and
diastolic (6845 vs 6626 mmHg, P<0.05) blood
pressures. EPT exhibited reduced septal
thickness (IVS, 6.8+0.8 vs 7.1+1.1 mm, P<0.05),
left ventricular internal dimension (LVID, 4614
vs 4815 mm, P<0.05), LV end-diastolic (98+20 vs
106124 ml, P<0.05) and end-systolic (3619 vs
40+11 ml, P<0.01) volumes, right ventricular
internal dimension (RVID, 2243 vs 244 mm,
P<0.05), and LV mass (104+27 vs 11530 g,
P<0.05), but similar LV mass and volume
indexes. EPT exhibited increased LV myocardial
performance index (0.41+0.04 vs 0.39+0.04,
P<0.01), reduced mitral lateral e’ (17.6+2.8 vs
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19.1+2.6 cm/s, P<0.01), mitral s’ (10.7+2.3 vs
11.6%2.3 cm/s, P<0.01), tricuspid E’ (15.8%2.7 vs
16.8+2.1 cm/s, P<0.05), and tricuspid S’
(13.14£2.0 vs 14.0£2.0 cm/s, P<0.01) waves, and
a trend in reduced mitral E wave (81114 vs
85+15 cm/s, P=0.09). EPT with neonatal BPD
exhibited greater reduction in IVS (6.5£0.8 mm,
P<0.05 vs terms), LVID (454 mm, P<0.05), LV
Mass (98122 g, P<0.05), and RVID (2043 mm,
P<0.01). CONCLUSIONS: EPT exhibit cardiac
structural and functional alterations compared
to term-born individuals. Neonatal BPD in EPT is
a key contributor to long term cardiac
remodeling.
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Dual Angiotensin Receptor and Neprilysin
Inhibition Improves Renal Hemodynamics and
Reduces Kidney Damage in Diabetic Rats
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Dual blockade with an Angiotensin
Receptor/Neprilysin Inhibitor (ARNI) reduces
proteinuria and glomerulosclerosis in diabetic
TGR(mREN2)27 rats (i.e., rats displaying
angiotensin ll-dependent hypertension) more
strongly than single AR blockade (ARB), despite
a similar effect on blood pressure. Here we
investigated whether this is due to improved

renal hemodynamics and/or suppression of
renal inflammation. TGR(mMREN2)27 rats were
made diabetic with streptozotocin for 12 weeks,
and treated with placebo (n=10), valsartan
(ARB; n=8) or valsartan/sacubitril (ARNI; n=8)
from week 9-12. Blood pressure was measured
by telemetry. Effective renal plasma flow (eRPF)
and glomerular filtration rate (GFR) were
assessed by quantifying para-aminohippuric
acid and inulin clearances. Renal inflammation
was quantified by qPCR (CD68 and CD3¢
expression, representative for macrophages
and T cells, respectively) and fluorescent
activated cell sorting (FACS) analysis. ARNI and
ARB lowered blood pressure identically, while
only ARNI reduced albuminuria. Severe, chronic
ischemia and globally sclerotic glomeruli
occurred less frequently in kidneys of ARNI-
treated animals vs. ARB-treated animals and
controls. ARNI, but not ARB, increased eRPF,
and a similar trend was observed for GFR. No
treatment affected filtration fraction. ARNI
decreased CD68 mRNA expression in both renal
cortex and medulla, while ARB increased CD68
as well as CD3¢ expression in renal medulla.
FACS analysis revealed no differences between
the treatment groups in the immune-cell
fractions that had infiltrated the kidney. In
conclusion, improved renal hemodynamics,
combined with reduced macrophage
infiltration, may underlie the stronger beneficial
effects of ARNI on albuminuria and renal
histology in diabetic TGR(MREN2)27 rats versus
ARB.
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Serum Chloride Predicts Mortality Risk in Type
2 Diabetes - Analysis of 91,159 Patients From
the West of Scotland
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Objective

Low serum chloride (CI') is associated with
increased risk of death in those with heart
failure, hypertension or chronic kidney disease.
We sought to investigate the association of
serum CI with risk of cause-specific death in
adults with type 2 diabetes mellitus (T2DM).
Methods

Data was available for 91,159 adults from the
West of Scotland with T2DM from NHS Greater
Glasgow and Clyde Safe Haven with 10 years
follow up. Two groups were created: serum CI
<100 and CI 2100 mmol/L. Cox-PH models,
adjusted for age, sex and serum sodium (Na*),
were used to assess the association between
serum CI" and risk of death (all-cause mortality,
vascular death, death from myocardial
infarction (Ml), death from heart failure, death
from stroke, death from cancer).

Results

There were 13,459 patients with serum Cl" <100
mmol/L; 53% were male with median age 62.5
(IQR 50.9-73.1) years and median Na+ 136 (133-
138) mmol/L. There were 77,757 patients with
serum CI" 2100 mmol/L; 53% were male with
median age 61.2 (IQR 50.2-71.4) years and
median Na* 139 (IQR 138-141) mmol/L. Serum
Cl" <100 mmol/L was associated with an 44%
increased risk of all-cause mortality (N=20,304,
HR 1.44[95% Cl 1.38-1.49]; p <0.0001),
independent of serum Na* (Figure). The
increased mortality risk of serum CI" <100

mmol/L was observed for cardiovascular
mortality (N=6,323, 1.41[1.31-1.51]; p <0.0001);
death from MI (N=1,986, 1.42[1.25-1.60]; p
<0.0001); stroke (N=1,590, 1.24[1.08-1.42]; p
0.003); heart failure (N=200, 1.38[0.95-2.0]; p
0.09) and cancer (N=5,577, 1.12[1.04-1.21]; p
0.003).

Conclusions

Serum chloride <100 mmol/L was associated
with increased risk of death in adults with type
2 diabetes mellitus.
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Fetuin B, a Hepatokine, Causes Acute
Endothelium-dependent Vascular Relaxation
and Decrease Blood Pressure
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Non-alcoholic fatty liver disease (NAFLD) has
been implicated in the pathogenesis of type 2
diabetes (T2DM) and is a direct risk factor to the
development of cardiovascular diseases. Fetuin
B was identified as a hepatokine secreted by
steatotic hepatocytes and released in large
amount in T2DM patients. While previous
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reports showed that fetuin A negatively
regulates endothelial function, studies related
to fetuin B and vascular function remain
undetermined. Thus, we tested the hypothesis
that fetuin B impairs endothelial function and
arterial blood pressure. Using an invasive left
ventricular (LV) catheterization via the carotid
artery, we found that in vivo acute
administration of recombinant human fetuin B
(0.5pg/g body weight) dropped systolic blood
pressure in mice within 30 minutes (110 + 2 vs
94 + 2mmHg, p<0.05). Next, we tested whether
fetuin B alters endothelial-dependent
relaxation. Aortic rings were incubated acutely
with fetuin B (50ng/mL) for 30 minutes prior to
functional vascular studies using a wire
myograph. Fetuin B potentiated acetylcholine-
induced endothelial-dependent relaxation (95.2
+ 2 vs 85.0 £ 3 %, p<0.05, n=3). Fetuin B did not
significantly affect vascular contraction induced
by phenylephrine. Cultured human umbilical
vein endothelial cells stimulated with Fetuin B
for 12 hours displayed augmented
phosphorylation of eNOS in the serine 1177
(2.5-fold of increase vs unstimulated cells,
p<0.05). Our data showed that our hypothesis
was contested since fetuin B facilitated
vasorelaxation dependent of endothelium and
acutely decreased blood pressure. Together the
findings of this present study suggest that
increased levels of fetuin B acutely play a
protective endothelial vascular role. We are
currently testing the long-term effects of fetuin
B on the vasculature of T2DM animal models.
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The CKD273 Urinary Peptidomic Biomarker is
Associated with Mortality in People at Early
Stages of Diabetic Nephropathy Independent
of Traditional Risk Factors
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Background

Mortality in type 2 diabetes (T2D) is primarily
driven by cardiovascular disease. This is
amplified in diabetic nephropathy (DN), even in
early ‘pre-clinical’ stages. A urinary peptidomic
classifier (CKD273) has been found to predict
DN development in advance of detectable
microalbuminuria. Whether it is also a
determinant of mortality and cardiovascular
disease in patients with established albuminuria
is unknown.

Methods

We studied 155 subjects with T2D, albuminuria
(geometrical mean [IQR]: 85 [34;194]
mg/24hrs), controlled blood pressure
(129+16/74+11 mmHg) and preserved renal
function (eGFR 88+17 ml/min/1.73m?). Blood
and urine samples were collected for
measurement of estimated glomerular filtration
rate (eGFR), urine albumin excretion (UAE), N-
terminal pro-brain natriuretic peptide (NT-
proBNP; ELISA) and urinary proteomics
(capillary electrophoresis coupled to mass
spectrometry). Computed tomography imaging
was performed to assess coronary artery
calcium (CAC) score. Outcome data were



collected through national disease registries
over a 6 year follow up period.

Results

CKD273 correlated with UAE (r=0.481,
p=<0.001), age (r=0.238, p=0.003), CAC score
(r=0.236, p=0.003), NT-proBNP (r=0.190,
p=0.018) and eGFR (r=0.265, p=0.001). On
multiple regression only UAE (f=0.402,
p<0.001) and eGFR (B=-0.184, p=0.03