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Conference Abstracts

A total of 69 abstracts were presented during the poster sessions at the Con-
ference. The winning abstracts in Basic Science and Clinical Science were
presented as oral abstracts during the scientific sessions and are included in
this issue of Advances.

Hyung Chun, MD

BASIC SCIENCE: Loss of apelin sig-
naling impairs nitric oxide synthesis
and exacerbates pulmonary hyperten-
sion
Chun, H.J.,1,5† Chandra, S.M.,1 Razavi, H.,2

Agrawal, R.,3 Kundu, R.,1 de Jesus Perez,
V.,4 Zamanian, R.T.,4 Quertermous, T.1
1Division of Cardiovascular Medicine,
2Department of Bioengineering, 3Depart-
ment of Anesthesia, 4Division of Pulmo-
nary and Critical Care Medicine, Stan-
ford University School of Medicine,
Stanford, CA 94305
5Present address: Section of Cardiovas-
cular Medicine, Yale University School of
Medicine, New Haven, CT 06511
Background: Apelin is a peptide ligand
for APJ, a G-protein coupled receptor
highly expressed in the vascular wall. Al-

though both apelin and APJ are highly
expressed in the pulmonary vasculature,
their function in this vascular bed is un-
known. Given the known vasodilatory and
vasculoprotective roles of this pathway,
we hypothesized that its disruption would
lead to worsening of the vascular remod-
eling that occurs in pulmonary hyperten-
sion.

Methods: Apelin deficient (KO) mice
were used to assess right ventricular sys-
tolic pressures after 3 weeks of hypoxia.
Lungs were perfused with contrast agent
(Microfil), and imaged using micro-
computed tomography (CT) imaging. NO
levels were measured in the serum and
lungs were evaluated for expression of
endothelial nitric oxide synthase (eNOS)
and KLF2 using quantitative real-time
polymerase chain reaction (RT-PCR) and
western blots.

Results: We found that apelin null
mice developed more severe pulmonary
hypertension in response to hypoxia com-
pared to wildtype mice (34.1 vs. 28.3 mm

Hg, p�0.001). Micro-computed tomog-
raphy of the lungs demonstrated signif-
icant vascular abnormalities in the
hypoxia-treated apelin null mice, in-
cluding marked pruning of the smaller
vessels (Figure). Apelin null mice had a
significant reduction of serum nitric ox-
ide (NO) levels. This was associated
with a decrease in pulmonary endothe-
lial nitric oxide synthase (eNOS) ex-
pression, in conjunction with a decrease
in expression of KLF2, a known tran-
scriptional regulator of eNOS. In vitro
knockdown of apelin mRNA in pulmo-
nary artery endothelial cells led to a
marked decrease in eNOS and KLF2
transcript levels. Moreover, serum ape-
lin levels from patients with pulmonary
hypertension were significantly lower
than those in healthy controls (1.25 vs.
0.89 ng/mL, p�0.037).

Conclusions: These data demonstrate
that disruption of apelin signaling can ex-
acerbate pulmonary hypertension, sec-
ondary to vascular remodeling in the con-
text of decreased expression of KLF2 and
eNOS, and identify this pathway as a po-
tentially important therapeutic target for
treatment of this refractory human dis-
ease.

Figure
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Rajamma Mathew, MD

BASIC SCIENCE: Inflammatory Re-
sponse in Pulmonary Hypertension
Mathew R, Huang J, Gewitz MH
Section of Pediatric Cardiology, Maria
Fareri Children’s Hospital at Westchester
Medical Center, New York Medical Col-
lege, Valhalla, NY, USA
Background: We have previously shown
that monocrotaline (MCT)-induced pul-
monary hypertension (PH) is associated
with an early and progressive IL-6 mRNA
upregulation, IL-6 bioactivity, loss of en-
dothelial caveolin-1 and reciprocal PY-
STAT3 activation. PY-STAT3 is acti-
vated by IL-6, and caveolin-1 suppresses
PY-STAT3 activation. Caveolin-1, an im-
portant immunomodulator, inhibits cell
proliferation and participates in apoptosis.
Anti-inflammatory treatment instituted
early inhibits IL-6 upregulation, rescues
caveolin-1, inhibits PY-STAT3 activation
and attenuates PH. Our main purpose was
to investigate whether inflammation
played any role in hypoxia-induced PH in
rats and to compare and contrast with the
MCT model.

Methods: Male Sprague-Dawley rats
(150-175 g) were subjected to hypobaric
(1/2 atmospheric) hypoxia or given a sin-
gle sc injection of MCT (60 mg/kg). He-
modynamic data, the expression of
caveolin-1and PY-STAT3 in the lungs
were examined at 48h, 1 and 2 wks.

Results: PH and RVH were observed at
2 wks post-MCT and at 1and 2 wks of
hypoxia. PY-STAT3 activation occurred
in both models before the onset of PH and
was progressive. The MCT model re-
vealed progressive loss of caveolin-1;
whereas in the hypoxia model, caveolin-1
expression was not altered.

Conclusions: MCT-induced PH is as-
sociated with disruption of endothelial
caveolin-1 and reciprocal activation of
PY-STAT3. In contrast, the hypoxia
model exhibited PY-STAT3 activation
without concomitant loss of caveolin-1.
Importantly, these dissimilar models of
PH show hyper-activation of PY-STAT3

before the onset of PH, indicating a role of
inflammatory response to injury in the
pathogenesis of PH. Since caveolin-1 sup-
presses PY-STAT3 activation; the signif-
icant PY-STAT3 activation in the hypoxia
model may be indicative of caveolin-1
dysfunction. Thus, the disruption or dys-
function of endothelial caveolin-1 may
promote inflammatory response and cell
proliferation, contributing to PH.

Eric Fenstad, MD

CLINICAL SCIENCE: Pericardial Ef-
fusions in Patients with Pulmonary Ar-
terial Hypertension: Long-term Prog-
nosis and Treatment Outcomes
Fenstad E, Le R, Sinak L, Maradit-
Kremers H, Ammash N, Villarraga H, Oh
J, Frantz R, McCully R, McGoon M,
Kane G
Mayo Clinic Division of Cardiovascular
Disease, Department of Internal Medi-
cine, Rochester, MN, USA
Background: Reports to date have sug-
gested that pericardial effusion is an un-
common and unfavorable sign in patients
with Pulmonary Arterial Hypertension.
The long-term significance of effusion
size and patient characteristics remains
unclear and the safety of pericardiocente-
sis in this patient population has been
questioned.

Methods: Single center cohort study of
all patients first seen with Group 1 PAH at
a specialty PH center between 1995 and
2006. All patients had echocardiograms.
Pericardiocentesis was performed under
echocardiographic guidance with moder-
ate conscious sedation in a monitored in-
patient setting for those who received in-
tervention.

Results: Of 577 patients, 26% (150 pa-
tients) had pericardial effusion on echo-
cardiography. The majority of effusions
(128 of 150) were small (�1 cm in size).
Moderate or greater effusions were
present in 22 patients (9.3%) with evi-
dence of hemodynamic compromise in 14
patients requiring pericardiocentesis. Af-
ter adjusting for age, sex, functional class,

and six minute walk distance, two factors
independently associated with the pres-
ence of pericardial effusion were collagen
vascular disease (OR 3.71; 2.05, 6.87) and
right atrial pressure (OR 1.83 per 5 mm
Hg; 1.33, 2.54). Median survival for pa-
tients with � moderate effusion, mild ef-
fusion, and no effusion was 12 months, 36
months, and 69 months respectively
(p�0.001). The degree of the pericardial
effusion was most predictive of poor out-
come in patients with collagen vascular
disease associated PAH. Twelve of 14
patients undergoing pericardiocentesis
had collagen vascular disease. Treated
pericardial effusions were large (832 �
512) and generally serous. Survival at 48
hours was 100% and associated with clin-
ical improvement in 13/14. Repeat peri-
cardiocentesis was required in three pa-
tients.

Conclusions: The incidence of any
pericardial effusion on echocardiogram is
low in patients with PAH. Effusions are
typically small, occur in the setting of
connective tissue disease, and are associ-
ated with elevated right atrial pressure.
However, even small pericardial effusions
are independently associated with poor
survival. Rarely do pericardial effusions
cause tamponade but when present can be
safely drained with echo-guided pericar-
diocentesis in a monitored inpatient set-
ting.

Meredith Pugh, MD

CLINICAL SCIENCE: Unrecognized
Glucose Intolerance is Common in Pul-
monary Arterial Hypertension
Pugh M, Robbins I, Rice T, Newman J,
Hemnes A
Vanderbilt University Medical Center,
Nashville, TN, USA
Background: Diabetes mellitus is a well-
established risk factor for systemic vascu-
lar disease, but the relationship of glucose
intolerance and diabetes mellitus with
pulmonary vascular disease is not known.
Previous studies have suggested insulin
resistance is common in pulmonary arte-
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rial hypertension (PAH); and the meta-
bolic syndrome, which includes insulin
resistance, is common in pulmonary ve-
nous hypertension. Glycosylated hemo-
globin (HbA1c) is emerging as a preferred
test for the diagnosis of diabetes mellitus
(DM). We have found that elevations in
HbA1c are common in PAH; however the
relationship of elevated HbA1c with PAH
severity and functional assessment is un-
known. We hypothesized that glucose in-
tolerance evidenced by a HbA1c � 6.0%
is common in PAH and is associated with
more severe disease.

Methods: We prospectively measured
HbA1c in patients with PAH diagnosed by
right heart catheterization who were seen
over a six-month period at our Pulmonary
Vascular Center. Detailed demographic,
functional, and hemodynamic data were
collected at enrollment and subsequent vis-
its and recorded in a database. Data are
presented as mean � standard deviation.

Results: 51 patients with PAH were
evaluated, 10 patients had known DM. 41
patients without history of diabetes had
HbA1c collected (mean age 52 � 14, fe-
male � 31, IPAH � 26). The mean
HbA1c was 6.0 � 0.6%. 23 PAH patients
(56%) had unrecognized glucose intoler-
ance (HbA1c � 6.0%) denoting high risk
for DM, 6 (15%) had unrecognized DM
(HbA1c � 6.5%). Age and body mass
index (BMI) were not different in PAH
patients with glucose intolerance or DM
and those with normal HbA1c (age 55 �
10 vs 49 � 18 yrs, p � 0.24; BMI 29.9 �
9 vs 28.5 � 7 kg/m2, p � 0.6). Right heart
catheterization data, C-reactive protein,
and brain natriuretic peptide levels were
not different between groups. Glucose in-
tolerance was common in patients with
NYHA Class III heart failure (n�13/18).
Mean six-minute walk distance (6MWD)
for PAH patients with HbA1c 6.0% was
significantly lower (Figure).

Conclusions: Unrecognized glucose
intolerance and diabetes mellitus are
common in PAH patients and higher
HbA1c correlates with worse six-minute
walk distance. Further studies are
needed to discern if dysregulated glu-
cose or insulin resistance play a role in
PAH pathogenesis or are a feature of
more severe disease.

Figure
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