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Pulmonary hypertension (PH) is defined hemodynamically as a
systolic pulmonary artery pressure (PAP) greater than 30 mm
Hg, or elevation of mean PAP in excess of 25 mm Hg. Behind
this rather simple physiologic definition lie a large number of
cellular and molecular alterations of the pulmonary arteries that
ultimately account for the disease. The immense progress in the
past 100 years of basic and clinical research of PH illustrates
how biomedical science ultimately results in life-saving therapies,
dramatically influencing patient morbidity and mortality (Figure 1).

Since the autopsy observation of the first case of “pulmonary
vascular sclerosis” by Romberg in 1891, our understanding of
PH has evolved in parallel with the scientific achievements of the
last century —each “small step” from the viewpoint of hindsight
represents a significant achievement when framed in its historical
context. Notwithstanding our tendency to consider only the most
recent scientific advancements, we owe our current knowledge
to those investigators dedicated to PH research over the past
100 years. PH is a syndrome that probably includes several dis-
eases, all of which share increased pulmonary artery pressures.
As such, any single clinical characterization or disease model
used falls short of comprehensively addressing this complex syn-
drome, which varies with regards to its severity, the site of in-
creased vascular resistance, and its association to underlying
clinical conditions as outlined in a recently updated classification
of pulmonary arterial hypertension (PAH [1]). Although this
review emphasizes some of the most important human and ani-
mal experimental findings related to PH in general, a significant
focus of the past 100 years of research has been the study of
the rare, idiopathic form of PAH (IPAH, previously known as
primary pulmonary hypertension or PPH). In this review, we
will describe the early understanding of PH as a “novel disease”
in the beginning of the century, based on the initial recognition
of the clinical presentation in cohorts of patients with pulmonary
hypertension, and the pathologic characterization of diseased
pulmonary arteries. We will then emphasize the impact of the
development of hemodynamic assessment of the pulmonary cir-
culation, and highlight the modern age of cellular, molecular,
and genetic milestones in the understanding of PH.

PULMONARY HYPERTENSION: THE EARLY AGES

As masterfully delineated by Fishman (2), the investigation of
PH can be segregated into two “eras”: before and after the
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development of pulmonary arterial catheterization in the 1940s
and ’50s. Prior to pulmonary catheterization, PH was recognized
in patients with cyanosis and/or unexplained right ventricular
hypertrophy—possibly related to congenital heart malforma-
tions (3). From these early clinical descriptions of patients with
potentially mixed clinical presentations, our understanding of
PH evolved with a detailed description of pathologic specimens,
and the clinical study of small cohorts of patients with unex-
plained right ventricular hypertrophy. In the 1900s PH was
blamed on syphilis, a popular culprit for unknown vascular dis-
eases at the turn of the century (3). Early attempts to identify
relevant pulmonary vascular lesions led to notions such as the
hypotheses that the pulmonary vascular lesions would arise from
acongenital thinning of the pulmonary artery media (4). Interest-
ingly, we came to realize much later that PH might indeed involve
enhanced elastolytic activity as the preamble for the molecular
mechanisms leading to medial hypertrophy (5).

Strikingly detailed descriptions of the pulmonary vascular
lesions in PPH highlighted the existence of intima lesions con-
taining phenotypically altered endothelial cells (4), and predicted
that these lesions might have arisen from proliferating endothe-
lial cells. In a landmark report, Heath and Edwards detailed the
vascular pathology of PH in an extensive study of 67 lungs of
patients with PH associated with congenital heart malformations,
and a single case of IPAH (6). This work proposed a structural
classification for PH associated with congenital heart malforma-
tions, framing the pulmonary vascular remodeling into six grades
based on the persistence of a fetal circulation pattern, variable
degrees of medial and intima thickening, plexiform lesions, dila-
tion lesions, and necrotizing arteritis. Although this classification
became the standard characterization of all forms of PH, it was
originally proposed solely for the classification of PH associated
with congenital heart malformation, and not of other forms of
PH, such as IPAH. In this detailed pathologic description, it is
of interest that the authors speculated that some of the pathologic
alterations were due to raised pulmonary artery pressures or
that the high pulmonary vascular resistance led to the more
complex forms of vascular remodeling such as plexiform and
dilation lesions (Figure 2).

The fundamental importance of pathology was evident in the
first classification scheme devised by the World Health Organiza-
tion (2). The term primary pulmonary hypertension included
chronic thromboembolic disease, pulmonary venoocclusive dis-
ease, and primary plexogenic arteriopathy (when plexiform le-
sions were present). This classification relied on the interpreta-
tion of lung pathology as critical in defining the disease process.
However, the limitations of this classification became readily
apparent as the vascular lesions that underlie this classification
(e.g., plexiform lesions) could not help discriminate the underly-
ing conditions associated with PAH, since they are not pathogno-
monic of any particular form of PH (with the exception that
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Figure 1. Timeline of significant achievements in the last 100 years of pulmonary hypertension research.

plexiform lesions are only present in severe PH). Currently, PH
is classified hemodynamically and clinically, rather than based
on the pulmonary vascular pathology to direct diagnosis and
treatment (7). Although variations of this classification eventu-
ally emerged (8), all have suffered from a lack of insight into
how the lesions are caused. Whether the etiologic agents of
PH produce specific pathologic lesions, what the relationship is

between the underlying clinical conditions associated with PH
(such as HIV infection, scleroderma, etc.) and the vascular injury,
and how the vascular lesions relate to the hemodynamic impact
on pulmonary artery pressures, remain unclear. This sets the
backdrop of our current interpretation of the pathologic alter-
ations in PH (9). Interrogation of the nature of these structural
elements began about 40-50 years later, as for example, in studies

Figure 2. Pulmonary vascular remodeling in a lung of a patient with IPAH. (a) Pulmonary artery with medial hypertrophy (arrowhead), with
intima thickening by longitudinally oriented smooth muscle cells (arrow). (b) Pulmonary artery with marked medial and intima thickening,
with crenated internal elastic layer (dark arrow), suggestive of vasoconstriction. (c) Peripheral muscularization of a small precapillary pulmonary
artery (arrowhead), also showing intima thickening. (d) Peripheral pulmonary artery with collagenous intima thickening (arrow). (e) Plexiform
lesion (arrow) surrounded by markedly vascular dilation compromising both vessels draining the lesion and in alveolar capillaries (arrowheads).
(f) Longitudinal section of a pulmonary artery with a concentric arrangement of elongated smooth muscle cell-like cells (arrow) and a plexiform
lesion (flanked by arrowheads). (g) Concentric lesion cross-sectioned (arrow). (h) Plexiform lesion (arrowheads) and an adjoining pulmonary
artery with marked intima thickening leading to reduction of vascular lumen (bar = 20 pm in a—d and g; 200 pm in e, f, and h).
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that led to the determination of clonal growth and somatic muta-
tions involving endothelial cells from these lesions (also known
as plexiform lesions) (10).

THE HEMODYNAMIC ERA: THE AGE OF HYPOXIC
PULMONARY VASOCONSTRICTION AND CELLULAR
AND MOLECULAR BASIS OF PH

Hypoxic Pulmonary Vasoconstriction and Hypoxic
Pulmonary Hypertension

Our modern understanding of PH, particularly IPAH, started
with the advent of pulmonary catheterization (11) as a tool to
assess pulmonary vascular hemodynamics. This “physiological
revolution” fundamentally changed our understanding of the
pulmonary circulation and treatment of PH (2), as it forced us
to move beyond the finding of unexplained right ventricular
failure or descriptive pathologic assessments of pulmonary vas-
cular lesions (12). Primary pulmonary hypertension, a term that
until recently galvanized the interest in PH, was introduced in
the 1950s to categorize patients who had isolated elevation of
pulmonary artery pressures.

One of the major contributions of the introduction of cardiac
and pulmonary artery catheterization was the landmark discov-
ery of hypoxic vasoconstriction (13, 14). As the terminal airway
and alveolar oxygen (but not necessarily pulmonary artery Po,)
levels decrease below 60 mm Hg, the pulmonary artery con-
tracted potentially improving V/Q mismatch by redirecting blood
flow to more oxygenated alveoli. The understanding of the mo-
lecular mechanisms underlying hypoxic pulmonary vasoconstric-
tion (HPV) progressed toward elucidating whether local cellu-
lar mediators would trigger HPV or, alternatively, the HPV
response would be directly transduced on vascular smooth mus-
cle cells. The first evidence in support of a direct effect of alveolar
hypoxia in HPV was the demonstration that Ca™* channel block-
ers inhibited smooth muscle contractility and HPV (15).

The hypoxia sensing mechanisms are one of the most fascinat-
ing ongoing areas of study of the pulmonary circulation field.
Most of the evidence accumulated thus far points to the mito-
chondrial electron transport as a source of free radicals (acting
as mediators) that might give rise to hypoxia-triggered vasocon-
strictive (effector) mechanisms (16). Among these mechanisms,
we have learned that hypoxia inhibits the family of voltage-
dependent potassium channels, Kv (17), resulting in depolariza-
tion of the resting membrane potential and calcium entry
through voltage-dependent calcium channels. The increase in
intracellular calcium activates calcium/calmodulin myosin light
chain kinase, leading to enhanced cell tension and cellular prolif-
eration, all of which account for the smooth muscle cell hypertro-
phy and hyperplasia. Pulmonary artery smooth muscle cells from
patients with IPAH have decreased potassium current correlat-
ing with a decreased mRNA/protein level of the potassium chan-
nel K,1.2 and K,1.5 (18). In aggregate, the research centered
on the identification and elucidation of HPV has influenced
significantly our understanding of the effects of alveolar hypoxia
on diseases such as atelectasis, emphysema, obstructive sleep
apnea, and cystic fibrosis, all of which may be complicated to
some degree by PH. Most importantly, HPV has provided the
underpinnings of the “excessive vasoconstriction hypothesis” of
PH (12, 19).

Chronic hypoxia could then lead to chronic PH (20). Al-
though a clear mechanistic connection between the acute (e.g.,
HPV) and chronic hypoxic responses of the pulmonary circula-
tion has not been established up to the present time, a (somewhat
weak) link has evolved between vasoconstriction and chronic
pulmonary vascular remodeling in the setting of PH (21). Al-
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though chronic hypoxia continues to serve as a model of human
PH and certainly models some forms of PH associated with
respiratory disorders, its relation to human idiopathic PH re-
mains unclear, since hypoxic remodeling does not show marked
luminal reduction by intimal growth and complex vascular le-
sions as is the case in severe PAH.

Cellular Basis of Pulmonary Hypertension

While the first 50 years of PH research defined most of our
understanding of the pathology of human PH, the last 50 years
of PH research has benefited from the development of animal
models, such those involving exposure to chronic hypobaric or
nitrogen-diluted normobaric hypoxia and endothelial cell injury
by the pyrrole liver metabolite of seeds of Crotalaria spectabilis
(monocrotaline) (20, 22). These models have helped us to under-
stand the role of vascular cells in pulmonary vascular remodeling,
to elucidate the role of mediators in pulmonary vessel control,
and to develop new therapies.

Although the early pathologic descriptions of the human vas-
cular remodeling were remarkably thorough, the complexity of
the cellular responses in pulmonary vessel remodeling continues
to be uncovered. Initially believed to serve a mere barrier, the
endothelial cells were found to be both sensors and effectors
able to transmit changes in flow and pressure through the release
of vasoregulator and growth factors. Although all endothelial
cells were initially considered a phenotypically homogeneous
population, it has become apparent that endothelial cells from
different organs are indeed uniquely fitted to perform specific
functions in the context of organ specialization. There is increas-
ing recognition that there are at least two forms of endothelial
cells within the lung—the micro- and macro-vascular cells that
can be distinguished by lectin affinity (23). Similarly, the medial
smooth muscle layer is at least as complex. A minimum of four
phenotypically distinct SMC subpopulations that respond differ-
ently to stress exist within the media of the adult bovine main
and proximal pulmonary arteries (24). While not as well studied,
the adventitial layer appears to be heterogeneous as well.

A major debate in the dispute regarding the most relevant
vascular cell in the pathogenesis of PH has centered on the
“abnormal” cell type in the development of PH. Pathologic
changes occur in all three layers of the pulmonary arteries. Given
the uniformity of medial hypertrophy in all forms of PH, many
have believed that the abnormality rested in the vascular smooth
muscle cells and, therefore, much effort was placed in under-
standing the biology of these cells. Although we learned that the
proximal pulmonary arteries are composed of several different
smooth muscle cell phenotypes which uniquely respond to stress,
questions still remain about the cellular fate of the remodeled
smaller pulmonary arteries. A conceptual advance in the field
was the realization that pulmonary vascular smooth muscle cells
would undergo a phenotypic switch in PH, from a contractile nor-
mal phenotype to a synthetic phenotype leading to cell growth
and matrix deposition (25). We learned that the abnormal smooth
muscle cell phenotype would also include the overexpression of
endothelin (26) or serotonin transporters (27), which play a
role in PH as discussed below. Furthermore, the altered smooth
muscle cells in PH may arise from other pathways than the
phenotypic switch from a resident smooth muscle cell, since
there is recent evidence that endothelial cells might transdiffer-
entiate into smooth muscle cells (28). With the increased under-
standing of the role of progenitor and stem cells in organ repopu-
lation, there might be indeed a role for progenitor/stem cell in
giving rise to smooth muscle or endothelial cells in the remodeled
pulmonary arteries.

Endothelial cells have occupied a center role in the current



428 AMERICAN JOURNAL OF RESPIRATORY CELL AND MOLECULAR BIOLOGY VOL 33 2005

understanding of the pathogenesis of IPAH (29). The past 15
years have witnessed the rise of the endothelial cell as a central
player in the pathogenesis of severe PAH. Endothelial cells
from IPAH patients have decreased expression of prostacyclin
synthase, suggesting that they might be the main determinant of
the decreased ratio of prostacyclin metabolite 2,3-dinor-6-keto
prostaglandin Fla to thromboxane in the urine of patients with
IPAH when compared with normal individuals (30). Further-
more, decreased expression of endothelial cell nitric oxide syn-
thase was documented in TIPAH vessels (31), whereas endothelin
expression was increased (26). The investigation of the molecular
nature of the endothelial cells in the characteristic plexiform
lesion revealed that these endothelial cells undergo a clonal
growth in IPAH pulmonary arteries (10), suggesting for the first
time that mutations in tumor suppressor genes might underlie
the pathogenesis of IPAH (32), and that the abnormal cell prolif-
eration in IPAH might follow pathogenetic paradigms similar
to cancer growth (33).

The past two decades witnessed an enhanced understanding
of the role of the extracellular matrix in the pathobiology of
PH. This paradigm is based on the identification of a serum-
derived elastase that, when able to permeate through the vascu-
lar wall, leads to enhanced smooth muscle cell production of a
matrix protein, tenascin, capable of stimulating smooth muscle
cell growth (5). However, due to discrepant results, we still lack
a clear understanding of the pathophysiologic roles of metallo-
proteases in PH.

We have now come to consider the balance of cell prolifera-
tion and apoptosis as ultimately accounting for the remodeling
of pulmonary arteries. Excessive endothelial and smooth muscle
cell proliferation was detected in experimental models of PH
(34). However, the potential pathogenetic role of apoptosis in
PH was documented by the finding that IPAH lungs showed a
remarkable low level of apoptotic cells (35). Apoptosis may play
discrepant roles in the induction and the resolution stages of
experimental pulmonary vascular remodeling. Early endothelial
cell apoptosis was required for the induction of pulmonary vascu-
lar remodeling and severe PH (36), whereas smooth muscle cell
apoptosis followed the inhibition of vascular elastase activity
and the de-remodeling of hypertensive pulmonary arteries (37).
Furthermore, K* channels not only regulate hypoxic vasocon-
striction, but also allow for smooth muscle cell survival because
K* activation causes smooth muscle cell apoptosis (38).

THE ERA OF MEDIATORS OF PULMONARY VASCULAR
TONE, AND SMOOTH MUSCLE CELL AND
ENDOTHELIAL CELL FUNCTION

The convergence of increased ability to access physiologically the
pulmonary circulation and the explosion of our understanding of
pharmacologic mediators resulted in a significant advance of our
understanding of cell signaling underlying PH. The combination
of these achievements and the availability of animal models
allowed for the development of presently available therapies.

Prostacyclin

Prostacyclin was originally isolated from rabbit or pig aorta as
a prostaglandin able to inhibit potently human platelet aggrega-
tion (39) and dilate the pulmonary circulation (40). These obser-
vations led to the proposed use of prostacyclin in patients with
IPAH (41). Subsequent studies, which demonstrated decreased
ratio of 6-keto PGla (a metabolite of prostacyclin) to thrombox-
ane in the urine of patients with IPAH, lent further support
for the clinical use of prostacyclin in IPAH (30). Decreased
expression of prostacyclin synthase was demonstrated in pulmo-
nary arteries of patients with severe idiopathic and secondary

PAH (42), supporting the hypothesis that PAH resulted from
an imbalance of factors that act as vasodilators/cell growth sup-
pressors and those that act as vasoconstrictors/cell growth pro-
moters. A major development in PH research was the initial
clinical studies that culminated with the remarkable success of
this drug in the treatment of this disease (43).

Nitric Oxide

Originally identified as the reactive intermediate by which nitro-
prusside caused smooth muscle cell relaxation, it was not until
nitric oxide (NO) was identified as the endothelium-derived
relaxing factor that its role was explored in PH (44). NO was
found to be a critical vasodilator that could also inhibit platelet
aggregation and proliferation of vascular smooth muscle cells.
Human studies reported variable production of NO in patients
with idiopathic PPH. However, important mechanistic insights
into the role of NO in the control of pulmonary vascular tone
and remodeling originated from animal models, which showed
NO-mediated protection against HPV in lungs, inhibition of
smooth muscle proliferation and platelet aggregation, and down-
regulation of endothelin-1 production (45). NO has broader ef-
fects in that it contributes to angiogenesis, endothelial cell sur-
vival, and mobilization of bone marrow progenitor cells.

The hypothesized role of endothelial NO deficiency in con-
tributing to PH was further strengthened by the modest but
salutary effects of inhaled NO and NO donors such as L-arginine
in patients with PH. NO stimulates the production of cGMP
starting a regulatory cascade resulting in pulmonary vasodilation.
While inhaled NO is not used as a clinical therapy in patients with
severe PH, sildenafil, an oral inhibitor of phosphodiestarase 5,
has beneficial effects on IPAH, probably by means of increasing
cyclic GMP through decreased breakdown (46).

Endothelin-1

First identified as a small peptide secreted from endothelial cells,
endothelin (ET)-1 is a multifunctional molecule serving as a
potent vasoconstrictor as well as a smooth muscle cell mitogen
(47). ET-1 expression is elevated in animal models of PH and
in patients with PH. It signals through two distinct G protein—
coupled receptors, endothelin-A (ET,) and endothelin-B (ETj).
Activation of ET 4 results in vasoconstriction, whereas the effects
of ETjy stimulation vary depending on cell type: on smooth mus-
cle cells it causes vasoconstriction while on endothelial cells
it leads to vasodilatation. ET-1 receptor antagonists, such as
Bosentan, improves patient’s functional status and other indices
of PH-related morbidity, and are currently being used clinically
for this condition (48).

Vascular Endothelial Growth Factor

The discovery of vascular endothelial growth factor (VEGF) in
the late 1980s and early '90s led to the realization of its critical
role in lung morphogenesis, growth, regulation of pulmonary
artery structure, and alveolar integrity. As with NO, we still do
not fully understand the role of VEGF in PH, since the animal
and human data appear to contradict each other. Normal endo-
thelial cells do not characteristically secrete VEGF. However,
endothelial cells in PH were shown to express VEGF (49) and
platelet levels of VEGF were also elevated in PH. On the other
hand, increases in VEGF led to improvement of pulmonary
hemodynamics in hypoxic PH in rats (50). In the same line,
VEGF blockade resulted in severe PH (37).

The conundrum of the role of VEGF in the pulmonary circu-
lation may be explained by the survival and differentiation role
of VEGF in the normal endothelial cells; its overexpression is
protective against the disease. However, in the diseased setting,
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VEGF may be primarily growth promoting, thus contributing
to endothelial cell clusters or plexiform lesion formation.

Hypoxia-Inducible Factors 1a and 2«

Hypoxia sensing and hypoxia-dependent gene expression repre-
sent exciting areas of investigation, with broad impact on tumor
and physiologic angiogenesis. The transcription factor hypoxia-
inducible factor (HIF)-1a was discovered on the basis of its ability
to upregulate the erythropoietin gene by binding to the 3'prime
end of the erythropoietin coding region (51), while HIF-2a was
cloned based on sequence homology with HIF-1a (52). Both
were shown to activate hypoxia-inducible genes such as VEGF.
Remarkably, mice deficient in HIF-1a (53)or HIF-2a (54) were
protected against hypoxic PH, and HIF-1« and its binding part-
ner localize to plexiform lesions, concordant with the expression
pattern of VEGF (49). Although the role of HIF in human
pulmonary vascular disease is unclear, it appears that HIF-1a
has broader roles in hypoxia sensing by the carotid body (55).

Serotonin

Serotonin and acetylcholine were among the first molecules
found to alter the pulmonary vasomotor tone. The mechanism by
which serotonin causes pulmonary vasoconstriction and smooth
muscle cell proliferation is complex, as there are both multiple
isoforms of the cell surface receptor and an active transporter
that internalizes serotonin (56).

Numerous animal studies have demonstrated a role for sero-
tonin in the development of hypoxic PH. Hypoxia has been
demonstrated to induce the secretion of serotonin from intact
pulmonary neuroepithelial bodies and expression of the 5-hydroxy-
tryptamine transporter (5-HTT) (57). In addition, patients with
IPAH have elevated levels of serotonin and a polymorphism within
the 5-HTT transporter, which renders cultured pulmonary artery
smooth muscle cells more susceptible to the growth-promoting
effects of serotonin (27). The role of fluoxetine or other similar
drug class inhibitors in the treatment of human PAH awaits
further clinical trials.

THE GENETIC AGE OF PH RESEARCH

The work on mediators of vasomotor control or vascular cell
growth could not address why a fraction of patients with IPAH
belonged to families with a higher incidence of the disease.
Indeed, genetic clustering of patients with IPAH had been
known for decades. This unique feature of the disease led two
groups to characterize these patients and search for the candidate
genes via linkage analysis. This effort succeeded in identifying
a region in the short arm of chromosome 2 in the region 2p32
with a clear association to familial IPAH (58, 59). The break-
through was not sufficient to indicate the candidate gene, as it
covered approximately 5 million bases. Coincidental with these
studies in the mid-1990s, it was uncovered that endothelial cells
in plexiform lesions in patients with IPAH were monoclonal as
assessed by X chromosome silencing by methylation. On the
other hand, similar lesions in lungs of patients with PH due
to congenital heart malformations were all polyclonal, that is,
showing changes consistent with a reactive population as seen
after cell injury and disrepair (10). The most important implica-
tions of these findings were the indication that mutations in
either growth-promoting or tumor suppressor genes might repre-
sent the underpinning of the monoclonal cell growth in IPAH.
The years that followed culminated with the discovery that muta-
tions in the transforming growth factor B family of receptors
represented the genetic link to IPAH (33, 60-62).

In the past four years, we learned that the genetic mutations
in bone morphogenetic protein receptor (BMPR)-2 distribute
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randomly along the gene with no preferential sites for mutations
or so-called hot spots (60, 61). Furthermore, BMPR-2 mutations
account for ~ 70% of the family members with IPAH; therefore,
a second locus probably exists. Perhaps, the most striking devel-
opment in the investigation of BMPR-2 mutations was that up
to 10% of the sporadic cases carry the mutation. Several critical
questions still linger in the field. How does a heterozygous muta-
tion cause the disease? Do mutations in BMPR-2 cause the
disease by haplotype insufficiency, suggesting that replenishing
BMPR-2 could prevent the disease? Or that it is by a dominant-
negative effect on the preserved copy of the gene product? Or
is it a marker of predisposition and second hits are necessary to
produce the disease? If the mutation is germline (i.e., passed
along to all somatic cells from the germinative cells), why is the
lung the only organ affected by the disease?

CONCLUSIONS

Although there have been many important achievements in the
past 100 years of PH research, our understanding of PH and the
pulmonary circulation remains incomplete. Arguably, under-
standing the natural history of the different forms and severities
of PH remains our most profound limitation. At the present
time, patients are diagnosed relatively late in their disease, and
the sampling of lung tissue is avoided given the risks of morbidity
and mortality, the lack of clinical utility, the advances in hemody-
namic monitoring, and improved noninvasive imagining of the
pulmonary circulation. Undoubtedly, the next 100 years will
continue our mechanistic understanding of this disease and pro-
vide better treatment for our patients. Novel insights will be
gained into etiologic agents associated with PH, as recently indi-
cated by the potential association of Kaposi’s Sarcoma herpes
virus-8 with IPAH (63) or the unraveling of immunologic mecha-
nisms underlying scleroderma associated severe PAH or anorec-
tic drugs such as dexfenfluramine (which, as with aminorex in
the 1960s and early 70s, has been linked with IPAH in the past
decade). Currently, extensive efforts to elucidate the genetic
basis of the disease continue along with the search for surrogate
markers, such as genetic expression studies using peripheral
blood cells (64), and identification of additional candidate and
disease-modifying genes. As novel techniques are adapted and
applied to the study of PH biomarkers will be developed allowing
for early diagnosis, phenotypic stratification of patients, and
tailored therapies. Further understanding of the genetic, molecu-
lar and cellular mechanisms of PH will hopefully provide us
with more refined and relevant animal models. Finally, novel
therapies are already on the horizon, as for instance, progenitor
cell infusion aimed at reconstituting a diseased pulmonary circu-
lation (65).
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