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Prostacyclin Therapy
for Pulmonary
Arterial Hypertension

In pulmonary arterial hypertension, the blood vessels that carry blood between the heart
and lungs are constricted, making it difficult for the heart to pump blood through the lungs.
Prostacyclin, a prostanoid metabolized from endogenous arachidonic acid through the cy-
clooxygenase (COX) pathway, is a potent vasodilator that has been identified as one of
the most effective drugs for the treatment of pulmonary arterial hypertension. Currently,
prostacyclin and its analogues are widely used in the clinical management of pulmonary
arterial hypertension patients. However, the mortality rate associated with pulmonary arte-
rial hypertension has not been significantly reduced within the past 5 years. More powerful
therapeutic approaches are needed. This article briefly reviews the current management
of pulmonary arterial hypertension to identify the problems associated with present thera-
pies, then it focuses on the emerging technology of prostacyclin synthase gene therapy
and cell-based therapy using native stem cells and engineered stem cells with enhanced
prostacyclin production capacity. By using the recent advances in technology and the
molecular understanding of prostacyclin synthesis, researchers are prepared to make sig-
nificant advances in the treatment of pulmonary arterial hypertension. (Tex Heart Inst J
2010;37(4):391-9)

ulmonary hypertension, a devastating disease with a high mortality rate, is
characterized by increased pressure in the pulmonary arteries that leads to re-
modeling of the right ventricle (RV) and, ultimately, to right-heart failure. The
most recent classification scheme divides pulmonary hypertension into 5 separate cat-
egories.! Group 1 comprises patients with pulmonary arterial hypertension (PAH),
which will be the main subject of this review. Pulmonary arterial hypertension patients
have reduced levels of the potent vasodilator prostacyclin, which leads to constriction
of the pulmonary vasculature. Idiopathic pulmonary hypertension, which can occur
from infancy into late adulthood, has the strongest genetic component® and the worst
prognosis. Pulmonary arterial hypertension associated with other diseases has a better
outcome. Despite the differences in origin, the pathophysiology of PAH at the cellu-
lar level is largely the same.*”
This review briefly describes the current clinical methods of treating PAH in an ef-
fort to identify the problems associated with the present regimens and then focuses
on promising new treatment approaches, including gene and cell therapy.

Overview of the Diagnosis and

Management of Pulmonary Arterial Hypertension

The diagnosis of PAH depends on clinical suspicion in patients who have risk factors,
presenting symptoms, and findings on physical examination (for example, chest ra-
diography and electrocardiography) suggestive of PAH.®” In patients in whom suspi-
cion is high, Doppler echocardiography should be performed to measure pulmonary
artery pressure and RV systolic pressure, to estimate pulmonary vascular resistance,
and to identify morphologic changes associated with PAH.** Echocardiography is
sensitive in diagnosing PAH but lacks specificity.*” Therefore, other diagnoses must
be excluded before arriving at idiopathic PAH. Other tests to support the diagno-
sis of idiopathic PAH (and to exclude secondary causes of PAH) include pulmonary
ventilation/perfusion scans (V/Q scans), pulmonary function tests, overnight oxim-
etry, and serology tests for connective-tissue disorders.*” Right-heart catheterization
is sometimes required to confirm the diagnosis and to evaluate the hemodynamics
of PAH.""" Mean pulmonary artery pressure (mPAP) >25 mmHg and pulmonary
vascular resistance (PVR) >3 Wood units are the diagnostic criteria for PAH."*'? Pa-
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tients with suspected idiopathic PAH should undergo
an acute vasodilator response test with inhaled nitric
oxide or with intravenously administered epoprostenol
or adenosine.*>® A positive vasodilator response sug-
gests that patients may respond to oral calcium channel
blocker therapy'*"; however, only about 5% of PAH pa-
tients will have a good long-term response to this thera-
py. For that reason, calcium channel blockers are rarely
used in clinical practice at present.

The goals of current treatment regimens are to im-
prove patients’ symptoms and quality of life and to
reduce death. Some patients receive anticoagulation
therapy, such as warfarin, unless this is contraindicated.
However, the level of support for anticoagulation ther-
apy is low because of inconclusive data from retrospec-
tive analyses of patient registries and small prospective
studies. Patients should be placed on diuretics to man-
age right-heart failure and on oxygen to manage hypox-
emia. Patients with idiopathic PAH who have a positive
vasodilator response should be placed on oral calcium
channel blockers and should be monitored for sustained
responsiveness and safety. First-line therapy includes
oral endothelin receptor antagonists or phosphodies-
terase inhibitors for lower-risk patients and intravenous
prostacyclins for higher-risk patients. Prostanoids can be
initiated in high- or low-risk patients, if Ist-line thera-
py fails. Patients not responding to medical therapy or
combination medical treatment may be considered for
atrial septostomy or lung transplantation.*'**”

Prostacyclin and Prostacyclin Mimic Therapy
Prostacyclin, a member of the endogenous prostanoids
family, is produced from arachidonic acid in a multi-
step process involving the enzymes prostacyclin syn-
thase and cyclooxygenase (COX).*** In the pulmonary
circulation, prostacyclin is released by endothelial cells
in the pulmonary artery. Cellular and molecular tech-
niques involving x-ray crystallography, nuclear magnet-
ic resonance, and site-directed mutagenesis have been
used to better characterize the COX and the prosta-
cyclin synthase enzymes involved in prostacyclin syn-
thesis.”** Because of this molecular understanding, an
increasing amount of research is now focusing on a po-
tentially new way to treat PAH by specifically upregu-
lating prostacyclin in cells.

The biological functions of prostacyclin in the pulmo-
nary circulation are mediated by a specific cell-surface
receptor. Found on platelets and endothelial cells, the
prostacyclin receptor belongs to the G-protein coupled
receptor (GPCR) class.” The binding of prostacyclin
to the receptor triggers the activation of the G-protein
and increases intracellular cAMP, which activates pro-
tein kinase A. This causes inhibition of platelet aggre-
gation, relaxation of smooth muscle, and vasodilation
of the pulmonary arteries. In this manner, prostacyclin
and its analogues can counter the vasoconstrictive me-
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diators, such as endothelin, which are active in PAH,
enabling relaxation of the pulmonary arterial vascula-
ture. However, because prostacyclin has a short half-life
(only minutes) and primarily works locally, the clinical
use of prostacyclin is challenging. Therefore, one of the
most important avenues in PAH therapeutic research
has been to look for more chemically stable prostacy-
clin mimics that target the receptor.

Recently, the structural and functional relationships
of the prostacyclin receptor have been well character-
ized.*** Key residues involved in mediating prostacy-
clin binding**** and signaling*** have been identified.
A structural model of the human prostacyclin receptor
bound with the prostacyclin agonist analogue, iloprost,
has been proposed.” That information has provided an
important basis for designing receptor structure-based
drugs for PAH.

Intravenous or Subcutaneous Delivery. The use of pros-
tacyclin and its analogues is arguably the most effec-
tive approach in the treatment of PAH in the United
States.” Epoprostenol, a synthetic prostacyclin, and ilo-
prost and treprostinil, synthetic prostacyclin analogues,
are currently used to treat patients with PAH. These
drugs have improved exercise tolerance, breathing, he-
modynamic circulation, and survival. Treatment with
epoprostenol requires the use of a permanent intrave-
nous catheter and an infusion pump, which may be
associated with serious complications such as mechan-
ical malfunction, obstruction, and infection.” Further-
more, epoprostenol is unstable at room temperature
and requires refrigeration and frequent attention dur-
ing administration. Although treprostinil has pharma-
codynamics similar to those of epoprostenol, it can be
administered subcutaneously and intravenously. In ad-
dition, treprostinil has a long half-life and is stable at
room temperature. Treatment with trepostinil improves
New York Heart Association (NYHA) classification of
heart failure in patients with PAH and symptoms as
measured by the Borg dyspnea score.>* Furthermore,
treprostinil has shown benefits in patients with PAH
secondary to connective-tissue diseases.” When ad-
ministered intravenously, treprostinil requires double
the maintenance dose of epoprostenol, making it twice
as expensive.”” However, the chemical stability of tre-
prostinil makes it a better drug to use intravenously.
Transitioning from epoprostenol to treprostinil is easy
and safe; however, careful follow-up is required with
treprostinil because of its hemodynamic effects.”

Delivery by Inhalation. Inhaled treprostinil has been
shown to benefit patients with PAH. The inhalation
of treprostinil can reduce pulmonary vascular pressure
without affecting systemic vascular pressure, thereby
making it a safe treatment for PAH.*

Inhaled iloprost is also used to decrease pulmonary
arterial resistance in a pulmonary-selective manner.” In
a retrospective study of 79 PAH patients who received
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iloprost therapy from 1997 through 2001 and who
were monitored until 2007, iloprost did not improve
long-term survival, despite being associated with imme-
diate clinical improvements.” However, an earlier study
suggests that iloprost has an anti-remodeling effect on
the pulmonary vasculature in experimental PAH.*¥
Furthermore, inhaled iloprost shows promise in identi-
fying patients with idiopathic PAH who may respond
well to calcium channel blockers.*

A recent study in rats compared the effects of inhaled
nitric oxide with those of iloprost on pulmonary arterial
pressure.” Congestive heart failure (CHF) was induced
in the rats by supracoronary aortic banding. Then the
rats inhaled iloprost (3-min inhalations at 45-min inter-
vals), nitric oxide (continuous), or 0.9% normal saline
(continuous). Other groups were given intravenous ilo-
prost, sodium nitroprusside, or 0.9% sodium chloride.
Interestingly, no systemic or pulmonary effects were ob-
served in the non-CHF control rats who received any of
the 3 inhaled treatments. However, in rats with induced
CHEF that inhaled nitric oxide or iloprost, pulmonary
arterial pressure was reduced without systemic hemo-
dynamic effects. In contrast, in rats given intravenous
iloprost or nitric oxide (via sodium nitroprusside), pul-
monary arterial pressure and systemic vascular pressure
decreased. The authors concluded that inhaled iloprost
and nitric oxide are superior to intravenous infusion of
iloprost and nitroprusside. Moreover, inhaled iloprost
may be superior to inhaled nitric oxide, because of its
selectivity.”

Prostanoid Combination Therapy
The use of prostanoids in combination with other drugs
selective for the pulmonary circulation is a viable choice
for PAH therapy. Iloprost in combination with tolafen-
trine, a dual selective phosphodiesterase 3/4 inhibitor,
was used to treat chronic monocrotaline-induced PAH
in rats.” The dual regimen resulted in normalization
of RV size as well as monocrotaline-induced hemody-
namic changes in the pulmonary circulation. Although
single therapy with tolafentrine or inhaled iloprost has
been shown to reverse the remodeling process in the
pulmonary vascular wall, leading to normalization of
hemodynamics, the combination of the 2 drugs result-
ed in significantly better improvements.”*%
Sildenafil therapy alone has been suggested to alle-
viate symptoms in patients with PAH. In a study of
14 patients who were in transition from subcutaneous
treprostinil to sildenafil, 4 did not tolerate treprosinil
withdrawal despite the introduction of sildenafil. The
rest of the patients tolerated the transition.” In a study
in France, the long-term effects of adding sildenafil to
intravenous therapy with epoprostanol were studied in
a 16-week, double-blind trial”' Pulmonary arterial hy-
pertension patients on intravenous epoprostanol thera-
py (n=267) were randomly assigned to receive sildenafil
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or placebo. The addition of sildenafil improved the
6-minute walk test, hemodynamic measurements, and
quality of life but had no effect on the Borg dyspnea
score. Although the combination of epoprostanol and
sildenafil was clinically effective, it produced more head-
aches and dyspepsia than did epoprostanol alone.”

Promising results have been reported in a study of the
efficacy of long-term subcutaneous treprostinil therapy
alone and in combination with bosentan, an endothe-
lin receptor antagonist used to treat moderate-to-severe
PAH.” The study group comprised 38 patients with
PAH who were treated with subcutaneous treprostinil.
Patients in NYHA functional class II or III who did
not tolerate the side effects of prostacyclin-based thera-
py received supplemental oral bosentan. Patients’ hemo-
dynamic status, NYHA functional class, Borg dyspnea
score, and 6-minute walk test results were assessed at
6-month intervals. All measures significantly improved
in patients with treprostinil therapy alone. Additional
benefit was seen in all 4 measures of clinical status in
patients who received supplemental bosentan.” Similar-
ly, adding inhaled iloprost to bosentan therapy (STEP
study) has shown promise”; however, varying results
have been reported.”*

Future Drug Development

Developing an oral prostanoid is important in the man-
agement of PAH because it will bypass many problems
associated with intravenous and central venous cathe-
ter use. Infection, pump failure, and catheter and pump
occlusion are not factors in oral delivery. Beraprost, an
early-development drug, showed symptomatic benefit
in patients with PAH but did not have a good risk-
to-benefit ratio.”® The side effects overshadowed the
modest clinical effects. Also, beraprost therapy provid-
ed symptomatic improvement only in the early phas-
es of treatment.” A longer-acting version of beraprost,
TRK-100STP, is under study. In 4 patients with mild-
to-moderate PAH, TRK-100STP decreased pulmo-
nary vascular resistance and improved the results of the
6-minute walk test.”

An orally bioavailable form of treprostinil has been
developed. When administered in combination with
phosphodiesterase inhibitors or endothelin receptor
antagonists, oral treprostinil modestly improved the
6-minute walk test, but the results were not statistically
significant.® Oral treprostinil is also being studied as a
monotherapy. If trial results are positive, it could be ap-
proved for use in pulmonary arterial hypertension.

Although prostanoids have been used to dilate the
pulmonary vasculature by binding to prostacyclin recep-
tors, a different mechanism has been reported in a Ger-
man study in which iloprost was used in patients with
idiopathic PAH.*® Lung tissue was collected, and pros-
tacyclin receptors (IP) and prostaglandin-E, subtype 4
receptors (EP,) were detected by using immunoblot-
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ting. Pulmonary tissue from rats with monocrotaline-
induced PAH was also used in the study to detect the
receptors. The expression of IP was decreased and the ex-
pression of EP, increased in lung samples from both the
patients and the rats. The results indicate that EP, must
also be involved in signal transduction when docked
with iloprost. This finding may encourage future drug
development to focus on EP,-selective receptors in pa-
tients with PAH.*®

The anti-inflammatory agent retinoic acid has been
suggested to increase transcription of prostacyclin syn-
thase in human endothelial cells, and retinoic acid re-
ceptors may mediate the production of prostacyclin
synthase.” The future of PAH treatment might involve
developing agonists for the retinoic acid receptor or using
retinoic acid to increase the expression of prostacyclin
synthase. However, it is not known whether endothe-
lial cells in PAH patients respond to retinoic acid by
upregulating prostacyclin synthase (PGIS).

Gene Therapy

Gene therapy is drawing increased attention as a novel
treatment approach. Recent improvements in gene trans-
fer technology have dramatically increased gene thera-
py research for PAH. Genes either are transfected by
using a viral vector or are delivered in another fashion
into the pulmonary vasculature to produce a desired ef-
fect on the vascular wall. Adenoviruses, adeno-associat-
ed viruses, and other viral vectors have been studied for
genetic incorporation of cDNA to induce the vascular
endothelium to produce prostacyclin.

Viral Gene Therapy

Adenovirus. A recombinant adenovirus vector has been
used to incorporate the p21 gene, which regulates cell
cycle progression, into rats in a model of pulmonary
hypertension. Pulmonary arterial hypertension was in-
duced in the rats by creating a lefe-to-right shunt. The
p21 adenovirus vector was successfully transfected into
the tissue, and the overexpression of p21 inhibited the
development of PAH.®

Adeno-Associated Virus. Japanese investigators used an
adeno-associated viral (AAV) vector to transfect human
PGIS into mice to determine the effect on PAH. Pul-
monary hypertension was induced in mice by restricting
them to 10% oxygen for 24 hours, and then AAV-PGIS
was injected into the area of the thigh. Significant pul-
monary hypertension was observed after 8 weeks. More-
over, the AAV-PGIS group showed a smaller increase in
RV systolic pressures, upregulation of brain natriuretic
peptide levels in the RV, and suppression of significant
medial thickening of the pulmonary arteries. Further-
more, AAV-PGIS—treated mice showed a significant
decrease in pulmonary arterial wall thickening and pro-
longed survival. In another Japanese study, pulmonary
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vascular resistance and pulmonary artery pressure were
decreased in mice that received intramuscular (anterior
tibial) injection of AAV-PGIS.*

Other Viruses. A murine parainfluenza virus (hem-
agglutinating virus of Japan[HV]]) envelope vector
system has been used for gene therapy in rats with anox-
ia-induced pulmonary hypertension. In rats with mono-
crotaline-induced PAH, PGIS was transfected within
the trachea by using the HV]-liposome method. The
metabolite of prostacyclin, 6-keto-PGF,,, was signif-
icantly increased after 1 week. The authors concluded
that gene transfer of PGIS increased the levels of pros-
tacyclin, leading to significant improvement in PAH in
the monocrotaline rat model.

Nonviral Gene Therapy

Nonviral approaches have been developed for gene trans-
fer. Naked gene transfer of PGIS has been achieved by
injection into the thigh muscle in rats with monocro-
taline-induced PAH. Treated rats showed improved
RV pressure. In another study, polyplex nanomicelles
were used to deliver a therapeutic plasmid with the gene
for human adrenomedullin, a vasodilator peptide. Rats
with monocrotaline-induced PAH were transfected
with the gene via the intratracheal route, and RV pres-
sures were significantly decreased just 3 days after trans-
fection.” Another approach used biocompatible micelle
nanovectors for gene transfer. A polyplex micelle, PEG-
b-P[Asp(DET)], has been suggested to be safe and un-
associated with cytotoxicity or thrombus formation.®
Together, these studies show the potential for improve-
ment with the use of gene-therapy approaches.

Tissue-Specific Gene Therapy

Intratracheal gene transfer has been used in PAH. The
human extracellular superoxide dismutase (EC-SOD)
gene has been delivered by the intratracheal route in
monocrotaline-treated rats. The rationale underlying
this approach is that oxidative stress might contribute
to the development of PAH, and superoxide dismutase
eliminates oxygen radicals involved in pulmonary vas-
culature injury. The overexpression of superoxide dis-
mutase in rats directly resulted in decreased pulmonary
vascular pressure as well as in decreased proliferation of
the pulmonary vascular wall.”

Intratracheal gene transfer has also been used with
vascular endothelial growth factor (VEGF), which has
been suggested to ameliorate PAH by inducing angio-
genesis in the pulmonary vasculature and preventing
the degeneration of the present pulmonary vascula-
ture.”® The intratracheal gene transfer of VEGF into
rabbits with bleomycin-induced PAH resulted in sig-
nificantly decreased pulmonary arterial pressure and in
reduced thickening of the pulmonary vasculature.”

Genes can be delivered in tissue outside of the pul-
monary vasculature to facilitate the production of en-
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zymes such as prostacyclin synthase. The liver has been
studied as an extrapulmonary site for gene transfer. By
using HV]-liposomes, researchers transfected PGIS or
hepatocyte growth factor (HPF), or both PGIS and
HPF, into the livers of rats with monocrotaline-induced
PAH.” Treatment with both PGIS and HPF was more
beneficial than treatment with either agent alone. Me-
dial pulmonary arterial hypertrophy and RV pressure
were decreased in rats that were treated with both PGIS
and HPE”

Cell Therapy

Cell therapy is being studied for the treatment of PAH.
Consequently, future treatment regimens might in-
clude the use of cell therapy to increase the production
of prostacyclin. Mesenchymal stem cells (MSCs) that
overexpress PGIS have been used in Japan to enhance
engraftment and neovascularization in a mouse model
of hind-limb ischemia. In this study, the overexpression
of PGIS under hypoxic conditions led to a 40% increase
in the proliferation rate of MSCs. Mice with hind-
limb ischemia were injected with PGIS-overexpressing
MSCs, MSCs expressing green fluorescent protein, or
the vehicle alone. Doppler studies showed effective re-
perfusion in all mice injected with MSCs. Mice injected
with MSCs that overexpressed PGIS recovered perfu-
sion within 7 days, which is earlier than the recovery in
mice that received MSCs with green fluorescent pro-
tein.”' This approach has the potential for application to
the management of PAH. Mesenchymal stem cells that
overexpress PGIS might have the potential to regenerate
the endothelium of the pulmonary vasculature.

Combination of Cell and Gene Therapy
Endothelial nitric oxide synthase (eNOS) decreases
pulmonary arterial pressure in monocrotaline-treated
rats.”? The effect of eNOS has been further investigated
in fibroblasts transfected with the eNOS gene. Mono-
crotaline-treated rats were administered fibroblasts
transfected with either VEGF or eNOS or with a null
plasmid as a control. Cell-based therapy with eNOS
was more effective in treating PAH than was cell-based
therapy with VEGEF, although both were more effective
than was control treatment with a null plasmid. Thera-
py with VEGF prevented further development of PAH,
whereas eNOS was associated with regeneration of the
pulmonary microvasculature.”

Endothelial progenitor cells (EPCs) are responsible for
the neovascularization of ischemic tissues and for the re-
pair of the vascular endothelial lining. Evidence suggests
that EPCs may become dysfunctional after the develop-
ment of hypoxia-induced PAH.* In mouse experiments,
EPCs were marked with green fluorescent protein and
were exposed to chronic hypoxia. The EPCs that were
recruited to the area of injury did not reverse the pul-
monary hypertension, which suggests hypoxia-induced

Texas Heart Institute Journal

dysfunction of progenitor cells.* Endothelial progeni-
tor cells can also be used to repair the vascular endothe-
lium in another interesting way. Endothelial progenitor
cells from the umbilical cord have a high capacity for
phagocytosis and can be readily transduced with genes
that are therapeutic for PAH. Investigators studied the
effects of transplanting EPCs transduced with the gene
for adrenomedullin, a vasodilator peptide, in a rat model
of monocrotaline-induced PAH.” This novel type of
gene therapy decreased pulmonary vascular resistance
in hypertensive rats.”

The effects of endothelial progenitor-like cells (EPLCs)
and eNOS-transduced EPLCs on the pulmonary vas-
culature have been studied in rats with monocrotaline-
induced PAH. Transplantation of EPLCs improved
regeneration of the pulmonary vascular endothelium
and survival. Moreover, survival was further improved
in rats that received eNOS-transduced cells.”

The role of prostacyclin in improving grafts for hind-
limb ischemia through promoting neovascularization,
as demonstrated by Nagaya and colleagues,” suggests
that prostacyclin can also improve the function of EPCs,
thereby aiding in the repair of pulmonary arterial en-
dothelium.”” Iloprost and erythropoietin also increase
the number of EPCs in the peripheral blood of patients
with critical limb ischemia. These studies illustrate the
potential role of EPCs in vascular regeneration.*”

Recently, an engineered fusion (or hybrid) enzyme
has been developed that links COX and PGIS together
to specifically synthesize prostacyclin from arachidon-
ic acid (Fig. 1).”* This fusion enzyme increases prosta-
cyclin production in cells transfected with the fusion
enzyme gene. In addition, the biologic functions of
the fusion enzyme include antiplatelet aggregation, as
shown in human platelet aggregation assays. The com-
bination of the newly developed COX-PGIS fusion en-
zyme with gene and cell therapy may provide a more
effective approach for treating PAH (Fig. 1).5%

Structure-Based Drug Design

(Prostacyclin Receptor)

The design of new prostacyclin receptor agonist drugs
is one of the most important next steps in the treat-
ment of PAH. A novel, orally available agonist test drug,
2-14-[(5,6-diphenylpyrazin-2-yl) (isopropyl)amino]
butoxy}-N-(methylsulfonyl)acetamide (NS-304), has
been tested in rats with monocrotaline-induced PAH.
This prodrug alleviated vascular endothelial dysfunc-
tion, pulmonary arterial wall hypertrophy, and RV
hypertrophy, and it increased RV systolic pressure. In
a comparison with the prostacyclin analogues beraprost
and iloprost, NS-304 had an even higher affinity for
the prostacyclin receptor than did the analogues. Bera-
prost and iloprost bind to EP; (along with IP receptors)
to dilate pulmonary arteries in patients with severe PAH
who have a reduced expression of IP. Although NS-304
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3rd catalytic
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3rd catalytic
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Anti-Aggregation

(Greatly beneficial for PAH)
Fig. 1 Models of the newly created fusion (hybrid) enzymes designed to specifically increase prostacyclin production in cells. The fusion
enzymes were created by linking COX-1 to PGIS (A),¢" or COX-2 to PGIS (B),# respectively, through an optimized TM linker (10 amino acid

residues) without alteration of the protein topologies in the endoplasmic reticulum membrane. The direct conversion of arachidonic acid
into prostacyclin by the fusion enzyme (through 3 catalytic reactions) is shown.

AA = arachidonic acid; COX = cyclooxygenase; PAH = pulmonary arterial hypertension; PGG, = prostaglandin-G,; PGH, = prostaglandin-
H,; PGIS = prostacyclin synthase; PGl, = prostacyclin; TM = transmembrane

is not known to bind to EP,, its higher affinity for IP
and its availability in oral form make it ideal for treat-
ing PAH**# A disadvantage to using iloprost is that,
like many agonists, the drug may cause desensitization
of the prostacyclin receptor.*® This may be due to the co-
stimulation effect (IP and EP;) of the drug.* Research
on developing more selective drugs, such as NS-304,
should focus on minimizing the receptor desensitiza-
tion effect caused by iloprost.

Conclusion

The loss of prostacyclin production is a key feature in
patients with PAH, and prostacyclin replacement ther-
apy is currently one of the best treatments available. Al-
though this therapy improves physical function and
survival, it has significant drawbacks and results in
limited improvements in quality of life. Better orally
bioavailable analogues or unrelated IP agonists are need-
ed. Early studies of gene- and cell-based therapies have
produced encouraging data in animal models. Further-
more, a clinical trial of cell-based gene therapy that uses
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cells overexpressing eNOS is currently ongoing. The re-
cent production of a fusion enzyme that achieves all of
the enzymatic activities necessary to produce prostacy-
clin from arachidonic acid is promising. Cells overex-
pressing this fusion gene produce prostacyclin and have
been used successfully to treat animals with hind-limb
ischemia. This mechanism of vasodilation can similar-
ly be used in reducing pressures in the pulmonary ar-
teries, which may be a viable alternative to prostacyclin
therapy in PAH patients.
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