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Introduction and Objectives Mutations in the bone morphogenetic
protein type II receptor (BMPR-II) are responsible for the majority
of cases of heritable pulmonary arterial hypertension (PAH).
Mutations lead to reduced Smad1/5-driven expression of inhibitor of
DNA binding protein 1 (Id1) and loss of the growth suppressive
effects of BMPs. The impact of existing PAH therapies on BMP
signalling is lacking. Because prostacyclin analogues are effective
treatments for clinical PAH, we hypothesised that these agents
enhance Smad1/Id1 signalling.
Methods Iloprost alone induced Id1 expression in human pulmonary
artery smooth muscle cells (PASMCs), an effect that was inde-
pendent of Smad1/5 activation but dependent on a cAMP-respon-
sive element in the Id1 promoter. In addition, iloprost and
treprostinil enhanced BMP-induced phosphorylation of Smad1/5
and Id1 expression in a cAMP-dependent manner. The mechanism
involved suppression of inhibitory Smad, Smad6. Furthermore,
iloprost rescued the deficit in Smad1/5 phosphorylation and Id gene
expression in PASMCs harbouring mutations in BMPR-II and
restored growth suppression to BMP4 in mutant PASMCs.
Results We confirmed a critical role for Id1 in PASMC proliferation.
Reduced expression of Id1 was observed in concentric intimal lesions
of heritable PAH cases. In the monocrotaline rat model of PAH,
associated with reduced BMPR-II expression, we confirmed that
treprostinil inhibited smooth muscle cell proliferation and prevented
progression of PAH while enhancing Smad1/5 phosphorylation and
Id1 gene expression.
Conclusions Prostacyclin analogues enhance Id1 expression in vitro
and in vivo and restore deficient BMP signalling in BMPR-II mutant
PASMCs.
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Introduction and objectives Despite advances in the overall manage-
ment of Pulmonary Arterial Hypertension (PAH) significant
morbidity and poor prognosis remain a major clinical problem.
Identifying key pathways in the pathogenesis of this disease will
allow development of more targeted therapies aimed at treating
PAH. There is emerging evidence to support that Tumour Necrosis
Factor (TNF)-Related Apoptosis-Inducing Ligand (TRAIL) plays an
important role in vascular biology. We have recently reported
expression of TRAIL from lesions of patients with advanced Idio-
pathic PAH. To further determine the role of TRAIL in the patho-
genesis of PAH we used a diet-induced murine model of PAH.
Methods ApoE�/�, TRAIL�/� and ApoE�/�/TRAIL�/� double null
mice were fed chow or Paigen (high fat, cholate-containing diet) for
8 weeks. They underwent echocardiographic assessment prior to

right heart catheterisation using the internal jugular venous route.
The heart and right lung were perfusion fixed with 10% formalin for
subsequent determination of right ventricular mass and Immuno-
histochemistry of pulmonary vascular lesions. The left lung was
immediately frozen in liquid nitrogen for subsequent determination
of protein and RNA by western Immunoblotting and quantitative
PCR. Identical to above ApoE�/�/TRAIL�/� double null mice were
also treated with recombinant murine TRAIL, or saline (4 week
infusion via an osmotic mini pump) at the time of commencing the
diet for 8 weeks.
Results Compared to control chow fed mice, ApoE�/� mice fed the
Paigen diet developed significant elevation of Right Ventricular
Systolic Pressure (RVSP) (23 mm Hg vs 50 mm Hg n¼7 p<0.001),
pulmonary vascular resistance and arteriolar remodelling. ApoE�/�/
TRAIL�/� double null mice fed the Paigen diet, were protected from
these haemodynamic (RVSP 27 mm Hg n¼6 p<0.05) and pulmo-
nary vascular remodelling changes. Moreover, the PAH phenotype
was re-established in the ApoE�/�/TRAIL�/� double null mice by
the administration of exogenous recombinant TRAIL.
Conclusions TRAIL is a critical mediator in disease pathogenesis of
PAH in the diet-induced murine model of PAH. Targeting TRAIL
could provide a novel therapeutic approach to the treatment of PAH.
Work is ongoing to determine if this approach can stabilise or reverse
established disease, in both this, and rat, experimental models of
PAH.
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Background Pulmonary arterial hypertension (PAH) is associated
with pulmonary vascular inflammation and dysregulated bone
morphogenetic protein receptor type 2 (BMPR2) signalling in both
human and experimental PAH. We evaluated the effects of dexa-
methasone on established monocrotaline-induced PAH in rats for
potential reversal of PAH, at time points when pulmonary vascular
remodelling has already developed (from day 14 after a single
injection of monocrotaline at day 0), and for the effects on
pulmonary IL6 and BMPR2 expression.
Methods Saline-treated controls, monocrotaline-exposed, mono-
crotaline-exposed and dexamethasone-treated rats (5 mg/kg/day,
1.25 mg/kg and 2.5 mg/kg/48 h given from day 14e28 and day
21e35) were evaluated at day 28 and day 35 following mono-
crotaline for pulmonary vascular haemodynamic parameters, right
ventricular hypertrophy, morphometry, immunohistochemistry,
whole lung IL-6 and BMPR2 expression by quantitative real-time
PCR (qRT-PCR).
Results Dexamethasone significantly improved pulmonary haemo-
dynamics and morphometric indices of pulmonary vascular
remodelling, reversing PAH when given at day 14e28, day 21e35
following monocrotaline, as well as improving survival in mono-
crotaline-exposed rats compared to controls (log rank p<0.0001).
Dexamethasone reduced both monocrotaline-induced whole lung
IL-6 overexpression (p<0.05), as well as reducing IL-6-expressing
adventitial inflammatory cell infiltration as assessed by immuno-
histochemistry. This was associated with pulmonary BMPR2
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down-regulation (p<0.01) following monocrotaline, which was
significantly increased following day 14e28 dexamethasone treat-
ment in whole lung (p<0.05) (Abstract S152 Figure 1). Cellular
BMPR2 was also increased following in vitro treatment of control
pulmonary artery smooth muscle cells (PASMC) with 310�8 molar
dexamethasone (p<0.05), but not in PASMC isolated from pulmo-
nary hypertensive rats. Dexamethasone (310�8 and 10�7 molar)
also reduced proliferation of PASMC isolated from both control and
pulmonary hypertensive rats (p<0.05 for both doses).
Conclusion PAH in this well-characterised experimental model can
be reversed by dexamethasone, and survival is improved. In this
model, mechanisms may involve reduction of IL-6-expressing
inflammatory cells, reduced proliferation of vascular smooth muscle
cells, and restoration of pulmonary BMPR2 expression may be
important.
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Background Mutations in bone morphogenetic protein receptor II
(BMPR-II) have been shown to underlie most heritable cases of
Pulmonary arterial hypertension (PAH). However, less than half the
individuals who harbour mutations develop the disease. This fact
has lead to speculation that the genetic defect combined with an
additional trigger, such as inflammation, may be required for the
disease to be manifested.
Aim To define the role of BMPR-II in regulating the barrier function
of pulmonary artery endothelial cells (PAEC).
Methods In vitro, BMPR-II expression was reduced in HPAEC using
siRNA and cells were seeded onto transwell filters. FITC-labelled
albumin (to assess permeability) or leukocytes (to assess leukocyte

migration) were added to the upper chamber and either leakage of
FITC-albumin or transmigration of leukocytes into the lower
chamber assessed over time. Using a flow-based model, TNFa (4 h)
or TGFb1 (24 h) stimulated HPAEC were seeded into Ibidi slides and
leukocyte-endothelial interactions visualised, recorded and quanti-
fied. In vivo, permeability was assessed by measuring Evans blue
leakage into the pulmonary vasculature in endothelial restricted
BMPR-II deficient mice. Myeloperoxidase (MPO) in the lungs was
assessed as a measure of leukocyte infiltration.
Results Leakage of FITC-albumin through HPAEC with reduced
BMPR-II expression was significantly increased compared to mock-
transfected HPAEC. Under static and flow conditions, leukocyte
transmigration was greatly increased through HPAEC with reduced
BMPR-II expression following TNFa or TGFb1 stimulation. This
facilitated transmigration following loss of BMPR-II could be
blocked by pharmacological intervention of CXCR2.
Conclusions Our data suggest a novel role for BMPR-II in damp-
ening inflammatory signals in the pulmonary vasculature and that
loss of BMPR-II in the endothelial layer of the pulmonary vascula-
ture may lead to heightened susceptibility to inflammation-induced
tissue damage. We speculate this may be a key mechanism involved
in the initiation of the disease in heritable PAH that result from
defects in BMPR-II expression.

Abstract S152 Figure 1 Effects of monocrotaline and day 14e28
dexamethasone on whole-lung BMPR2 expression by qRT-PCR.

Abstract S153 Figure 1
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