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ABSTRACT. Pulmonary artery hypertension is a syndrome that shows similar clinical and pathophysiological fea-
tures characterized by elevated pulmonary arterial pressure and resistance. There have been a series of hypotheses
trying to describe the development of pulmonary artery hypertension; however, none of them perfectly explains
its pathogenesis. To highlight the pathogenesis, novel vasomotorial cytokines including hypoxia-inducible factor-
1�, endothelin-1, urotensin II, Krüppel-like factor 4, calcitonin gene-related peptide, angiopoietins and serotonin
closely related to pulmonary artery hypertension are discussed. The development of the new agents relating to these
cytokines may improve the relevant treatment strategies.
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ulmonary arterial hypertension (PAH) is defined as an
levation in mean pulmonary arterial pressure above 25
mHg at rest or 30 mmHg with exercise [1]. PAH develops

s a result of the pulmonary arterial lumen occlusion due
o promoted smooth muscle cell (SMC) proliferation and
igration [2]. A series of hypotheses have been proposed

o explain this vascular disorder; however, none of them
as perfectly interpreted its pathogenesis.
t has been noted that right heart failure is a common cause
f death of patients with severe PAH, and right ventricu-
ar dysfunction has also been associated with increased

ortality in patients with left ventricular failure [3].
athogenic pathways, involving right ventricular hyper-

rophy and evolving toward right heart failure, have been
ound in myocardium in relation to substrate use, oxidative
hosphorylation and high-energy transfer mechanisms [4].
oreover, in the failing right ventricle, the genes encod-

ng the proteins of the ubiquitin proteasome pathways are
ighly overexpressed. Treatment with carvedilol, one of
he �-blockers, had cardioprotective and preventive effects
n monocrotaline-induced lung remodeling and brought
bout an increase of right ventricular fetal gene reactiva-
ion, an increase of protein kinase G activity and a reduction
f capillary rarefaction and fibrosis, leading to normal
xpressions of the genes and the proteins. Metoprolol had
imilar, but less pronounced cardioprotective other than
ung remodeling protective effect. These results reflected

highly activated ubiquitin proteasome system in the right
entricular failure patients [5, 6].
owadays, attention has been focused on how the vaso-
otorial cytokines function in the underlying signaling
pathways that govern the cellular activities (figure 1).
Imbalance between the vasodilating and vasoconstrictive
cytokines is regarded as an initiating step of development
of PAH. Nonetheless, the causal and/or protective roles
that the vasomotorial cytokines play in the development
of PAH have not been fully elucidated. This article is to
discuss some novel vasomotorial cytokines relating to the
pathogenesis of PAH.

HYPOXIA-INDUCIBLE FACTOR (HIF)-1

The pathogenesis of hypoxic PAH has been investigated
toward the pivotal role of HIF-1� in the pulmonary vas-
cular remodeling and the progression of PAH, which
are considered to be probably through the regulation of
endothelin (ET)-1 and adrenomedullin (ADM) expressions
at the transcription level [7]. HIF-1� involves the transcrip-
tional regulation of ADM by binding to the correspondent
promoter. This has been evidenced in the experiments
in adult rats where ADM mRNA was upregulated under
hypoxic conditions, with the expressions being the most
notable in the arterial endothelial and vascular SMCs.
Enhanced ADM expressions abated vascular tension as
well as the hypoxia-induced damage to the lung tissues.
The early hypoxic induction of upregulation of HIF-1�
and ADM mRNA expressions probably explains the casu-

ally direct relationships between HIF-1� and ADM mRNA
expressions, by which synthesis and secretion of ADM in
the endothelium and SMCs are increased. Cellular adapta-
tion to prolonged hypoxia may cause vascular remodeling
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Vasomotorial cytokines

Vasoconstrictor,
e.g., ET-1, Ang-2,

PDGF & FGF

SMC proliferation

PAH
(+)

(+)

(+)

(-)

(-)

(-)

Vasodilator,
e.g., NO & PGI2

ØIntracellular calcium ion;
ØActivation of phosphatidylinositol, PKC & MAPK;
ØGene expressions (c-fos, c-myc & Ras)

Figure 1
Functions of vasomotorial cytokines: +: enhance; -: attenuate; ET: endothelin; Ang: angiopoietin; PDGF: platelet-derived growth factor; FGF:
fi : protei
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uscle cell; PAH: pulmonary artery hypertension.

nd endothelial damage leading to a gradual decrease of
DM synthesis and inhibition of ADM on vascular SMC
roliferation [7]. ADM is a newly discovered vasoactive
eptide, composed of 52 amino acids. ADM is a kind of
ndothelium-derived relaxing factor, and ADM mRNA is
xpressed in vascular SMC [8]. The 16th and 21st cys-
eines form a disulfide bond further forming a circular
tructure with 6 amino acids. Along with amidation of
-terminal tyrosine residues, these structures show sim-

larity to those of calcitonin gene-related peptide (CGRP)
nd amylin. Besides, the amino acid sequences of ADM
nd CGRP share mild homology. Therefore, they all are
onsidered to belong to the CGRP family, and the impor-
ant sites for ADM to bind receptors and to stimulate the
roduction of cyclic adenosine monophosphate. It has been
iscovered that multiple mechanisms are involved in the
egulation of ADM. The cyclic adenosine monophosphate
evels regulate the synthesis of ADM; thrombin, vasoactive
ntestinal peptide, and interferon-� inhibit ADM synthesis;
ngiopoietin (Ang)-2, ET-1, bradykinin, and substance P
timulate vascular SMC to produce ADM; glucocorticoid
nd thyroid hormone upregulate the expression of ADM
RNA in the vascular endothelial cells and vascular SMC

8]. Vascular wall pressure can also induce the upregula-
ion of ADM mRNA in a time- and intensity-dependent
ashion. In the hypoxic PAH rats, ADM and its receptors
n the lung tissue were observed to be upregulated and
heir serum levels were also increased. Continuous admin-
stration of ADM to the hypoxic rats could alleviate the
ulmonary vascular remodeling and the development of
AH (figure 2) [9].
t suggests that ADM might become a new agent for
he treatment of PAH. Besides, Ang-2, prostacyclin,
asoactive intestinal peptide, vascular endothelial growth
actor, epidermal growth factor, fibroblast growth factor,
n kinase C; MAPK: mitogen activated protein kinase; SMC: smooth

transforming growth factor, platelet-activating factor and
urotensin II (UTII) are also involved in the development of
PAH. Endothelial damage inevitably results in imbalance
between vasoconstrictor and vasodilator, for instance, the
significant decrease of nitric oxide and prostacyclin, and
the increase of ET-l through different signaling pathways,
leading to imbalance between proliferation and apoptosis
of pulmonary arterial SMC. The abnormal proliferation
and diminished apoptosis of pulmonary arterial SMC cause
pulmonary vascular stenosis and occlusion, and eventually
PAH [8].

Under normal oxygen conditions, the syntheses and
expressions of HIF-1� last in the cytoplasm; whereas
rapid degradations occur when affected by the ubiquitin-
mediated degradation pathway that regulates both normal
and abnormal cellular processes. Nevertheless, under
hypoxia, the expressions of HIF-1� grow at an expo-
nential rate and nucleolus accumulations of HIF-1�
become prominent as a result of inhibition of hydrox-
ylation and proteolytic degradation. The expressions of
HIF-1� mRNA could be highly upregulated during the
early hypoxic period; however, with the hypoxic progres-
sion till seven days thereafter, the expressions of HIF-1�
mRNA were significantly decreased to a level similar to
those of the control. In neonatal rats subjected to a low-
concentration oxygen, remarkably elevated expressions of
HIF-1� mRNA were seen in the lung tissues, but dramatic
weakening expressions followed in a later stage of the
PAH development [7]. In hypoxia, HIF-1� and HIF-2�
are induced in adventitial fibroblasts. HIF-1� and HIF-2�
then interact with common and specific targets that medi-

ate the specific effects on proliferation and migration of
adventitial fibroblasts [10]. Systemic loss of a single HIF-
1� allele has been shown to attenuate hypoxic PAH [11].
HIF-1� is a master regulator of transcription in hypoxic
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Ø cAMP level;
Ø Ang-2, ET-1, bradykinin, substance p;
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Figure 2
Regulations of adrenomedullin: ↑: production increased; +: enhance; -: attenuate; ADM: adrenomedullin; Ang: angiopoietin; cAMP: cyclic
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ells, upregulating genes involved in energy metabolism,
roliferation and extracellular matrix reorganization [11].
IF-1� plays a role in maintaining the normally low pul-
onary vascular tone by decreasing myosin light chain

hosphorylation (pMLC) in SMCs to alleviate the occur-
ence of hypoxic PAH. Loss of HIF-1� in pulmonary artery
MCs increased pulmonary vascular tone and pMLC in
oth normoxia and hypoxia [12]. Similarly, observations
lso showed that selective deletion of HIF-1� in SMCs
ncreased pulmonary vascular tone under both normoxic
nd hypoxic conditions as well. Therefore, downregulation
f HIF-1� expression in the pulmonary vasculature may
recipitate the development of PAH. Consecutively, cell-
pecific modulation of HIF-1� could represent a potential
herapeutic strategy for PAH.

T-1

T is a potent vasoconstrictor that constricts blood ves-
els and elevates blood pressure [13]. The pleiotropic
ffects of ET-1 involved in the autocrine and paracrine
ignaling pathways are responsible for the basal vascular
one [14]. ET-1 is increasingly secreted by the damaged
ndothelial cells. As is mentioned above, at an early
ypoxic stage, it promotes the secretion of HIF-1�, fur-
her inducing the significant expressions of the HIF-1�

arget genes including ET-1. The severe endothelial dam-
ge even at the late hypoxic stage also contributes to a
ustained low-level secretion of ET-1, followed by a less
evere degradation of ET-1 in the lung tissues. It is also
ndothelin; IFN: interferon; NO: nitric oxide; SMC: smooth muscle

conversely the same as ET-1 increases HIF-1� expres-
sion in pulmonary artery SMCs, which is dose dependent.
ET-1 regulates calcineurin, a calcium- and calmodulin-
dependent serine/threonine protein phosphatase, also in a
dose-dependent manner. ET receptor A, one of the vaso-
constrictor subtypes, has specific effects for mediating
ET-1 [15]. Enhanced ET activity is closely related to PAH
severity, and the potential ET receptor antagonists are
already in clinical use for the treatment of PAH [16]. In
PAH, the body produces excess ET, contributing to the
constriction of blood vessels and affecting the blood pres-
sure in the lungs. Although ET is present in healthy people,
high concentrations of the substance have been found in
the plasma and lungs of patients with PAH suggesting it
is capable of causing PAH or increasing the symptoms
of PAH. Two separate receptors of ET have been identi-
fied: type A receptors, which induce vasoconstriction by
increasing intracellular calcium, most commonly found on
vascular SMCs; and type B receptors, located on endothe-
lial cells, stimulate the release of vasodilating agents, such
as nitric oxide and prostacyclin. Theoretically, either selec-
tive blocking of ET type A receptors alone or nonselective
blocking of both ET type A and ET type B receptors
together has vasodilating functions as a result of relax-
ation of vascular SMCs [17]. Evidence suggested that ET
was overexpressed in the lungs of patients with PAH and
elevated plasma ET concentrations were associated with

poor prognosis [18].
ET receptor antagonists are a new class of drugs for the
treatment of many diseases, including PAH. ET recep-
tor antagonists are potent vasodilators and antimitotic
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ubstances, which could specifically dilate and remodel
he pulmonary artery, and have recently been proposed as
n alternative therapy [17]. ET receptor antagonists have
ecome the mainstays of the treatment of PAH. Three sub-
tances are currently available for the treatment of PAH.
ne of these substances, bosentan, blocks both ET type
and type B receptors; whereas two other compounds,

itaxsentan and ambrisentan, are more selective blockers
f the ET receptor [19].

II

uman UII is a cyclic undecapeptide, mediated by a
pecific cell surface G-protein-coupled receptor, the UII
eceptor, called UT [20, 21]. UII is considered to be the
trongest endogenous vasoconstrictor with similar phys-
ological mechanisms to ET-1. UII also impacts broadly
n alternative systems in terms of proliferations of SMCs,
broblasts, and cancer cells. There has been increasing
vidence for UII’s role in regulating respiratory physiol-
gy [22, 23]. Similarly, UII receptor expression has been
ocalized to rat airway SMCs where it functions as a growth
actor [24, 25]. Furthermore, UII can mediate smooth mus-
le contraction in isolated respiratory tract and pulmonary
rteries in primates [26-28]. Elevated plasma levels of UII
s well as increased UII and urotensin expressions have
een observed in a number of diseased conditions, includ-
ng PAH as well as other cardiovascular and systemic
isorders [29]. UII is highly expressed in the endothelial
ells and lymphocytes, stimulating vascular cell adhesion
olecule-1 and intercellular adhesion molecule-1 expres-

ions in the endothelium. UII produces reactive oxygen
pecies through nicotinamide adenine dinucleotide phos-
hate (NADPH) oxidase activation in human vascular
MCs, and thus stimulates SMC proliferations especially
howing a synergistic effect in the combination of reac-
ive oxygen species, oxidized low-density lipoprotein and
erotonin [30]. UII, by binding to the G-protein-coupled
II receptor, regulates the vascular tone and the signal-

ng cascades of reactive oxygen species and nitric oxide,
ctivates mitogen-activated protein (MAP) kinases, mod-
lates gene expression, stimulates proliferative processes
nd affects the extracellular matrix [31]. Human UII is a
ovel activator of NADPH oxidase in human pulmonary
rtery SMCs, upregulating the expressions of the NADPH
xidase subunits p22phox and NOX4 and reactive oxygen
pecies. These substances can be annihilated by trans-
ecting p22phox or NOX4 antisense vectors, which may
ontribute to a series of complex UII-induced signaling
athways involving extracellular signal-regulated kinase
/2, p38 MAP kinase, c-Jun N-terminal kinase and Akt,
ncrease the expression of plasminogen activator inhibitor-

and enhance pulmonary artery SMC proliferation in
n NADPH oxidase- and kinase-dependent manner [32].
ong et al. [33] investigated the UII protein expression in
atients with congenital heart disease with PAH and found
hat UII in the lung tissue of the mild PAH group patients
as higher than that of patients with a normal pulmonary
ressure, but less than that of the severe or moderate PAH

roup patients.
n a rat model of PAH, palosuran, an antagonist of
II, significantly reduced the UII as well as the ET-
and transforming growth factor-�1 levels, indicating
S.-M. Yuan

that palosuran might be an optional treatment alterna-
tive for PAH [34]. GSK1440115 is a potent, competitive
and selective inhibitor of UII, which mediates UII-
induced systemic pressor response in anesthetized cats
[35].

KRÜPPEL-LIKE FACTOR 4 (KLF4)

KLF4 is a transcriptional factor expressed in the vascular
endothelium. It promotes anti-inflammatory and anticoag-
ulant states, and increases nitric oxide synthase expression
in the endothelium. KLF4 is expressed in the arterial and
venous endothelial cells of the pulmonary circulation, and
that KLF4 upregulates the expression and increased the
activity of endothelial nitric oxide synthase [36]. KLF4
knockdown resulted in increased pulmonary expression
of ET-1 and decreased expression of endothelial nitric
oxide synthase, ET type B receptor and prostacyclin syn-
thase. Significant reductions of KLF4 mRNA and protein
were noted in the lung tissues of the patients with idio-
pathic PAH in comparison with the normal control [37, 38].
After hypoxia, right ventricular and pulmonary artery pres-
sures were significantly higher in the KLF4 knockdown
animals than in the controls. Knockdown animals also
had more severe pulmonary vascular muscularization and
right ventricular hypertrophy. KLF4 knockdown resulted
in increased pulmonary expression of ET-1 and decreased
expression of endothelial nitric oxide synthase, ET type B
receptor and prostacyclin synthase [37]. Endothelial KLF4
was proved to be a regulator of neointimal hyperplasia
induced by vascular damage through anti-inflammatory
and antiproliferative profiles, possibly due to the inhibi-
tion of nuclear factor-�B and by affecting some of the
coactivators including vascular cell adhesion molecule-1
[39].

CGRP

Similar to nitric oxide, CGRP is a potent vasodilator,
inhibiting hypoxia-induced proliferation of pulmonary
artery SMCs dose-dependently, decreasing significantly
the expressions of phosphorylated ERK1/2 and collagens
I and III, thereby inhibiting phosphorylation of ERK1/2
and alleviating the collagen accumulation of pulmonary
arteries [40]. CGRP is believed to play an important
role in maintaining low pulmonary vascular resistance
and may be involved in modulating the pulmonary vas-
cular response to chronic hypoxia [41]. The increase in
pulmonary arterial pressure, pulmonary vascular resis-
tance, right ventricular mass and pulmonary vascular
remodeling in response to chronic hypoxia was attenu-
ated in animals overexpressing CGRP [41]. CGRP has a
potent vasodilatory effect in the pulmonary arteries and
veins contributable to its receptors in the endothelium
of the pulmonary artery. CGPR leads to a concentration-
dependent relaxation of the pulmonary artery and dilation
of precontracted pulmonary artery [42]. Sensory CGRP
depletion in PAH rats resulted in decreased p27 and

increased phosphorylated ERK1/2, c-fos and c-myc expres-
sions; on the contrary, exogenous CGRP application was
associated with increased p27 expression and decreased
expression of phosphorylated ERK1/2, c-fos, and c-myc,
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ndicating that CGRP inhibits hypoxia-induced prolifer-
tion of pulmonary artery SMCs via the ERK1/2/p27/c-
os/c-myc pathway [43]. In the hypoxic rat models, blood
GRP was reduced, and reexposure to hypoxia was accom-
anied by a further decrease of blood CGRP [44]. Bartosik
t al. [45] found that the patients with elevated pulmonary
rtery pressure showed higher plasma CGRP than those
ith normal pulmonary artery pressure. There was a posi-

ive relation between plasma CGRP and pulmonary artery
ressure or erythrocyte sedimentation rate. These results
rovided with solid evidence of CGRP in the pathogenesis
f PAH.

NGS

ngs are a family member of growth factor, playing special
oles in angiogenesis and vascular structural maturation.
ng-1 is one of the Angs, encoded by the ANGPT1 gene,
ith important properties in vascular development and

ngiogenesis. During the vascular remodeling process in
AH subjects, Ang-1 was significantly decreased in the
ulmonary arteries along with a reduction of Tie-2, a novel
ndothelium-specific receptor tyrosine kinase, essential for
he embryonic vasculature development, and of vascular
ndothelial growth factor while Tie-2 receptor was inacti-
ated in the lung tissues [46]. It was hypothesized that tonic
ctivation of Tie-2 might play an important role in protect-
ng the pulmonary vasculature by preventing endothelial
ell activation in response to toxic stimuli. Moreover, alter-
tions in expression of components of the Ang system,
pecifically an increase in Ang-2 or a decrease in Tie-2,
ight contribute to the development of PAH. The downreg-

lated pulmonary Tie-2 expression and variable changes in
ng-1 and Ang-2 have been found increased after expo-

ure to hypoxia [47]. Increased Ang-1 in PAH subjects
eflected an insufficient compensatory response [48]. Clin-
cal studies demonstrated a negative correlation between
erum Ang-1 levels and the degree of PAH [49]. Ang-1
nd associated activation of its Tie-2 receptor could not be
etected in normal human lung samples, but were highly
levated in lung samples from the patients with PAH [48].
istological investigations illustrated upregulated expres-

ions of Ang-2 mRNA and protein in the plexiform lesions
rom the lung tissues of idiopathic PAH patients. Hence,
ng-2 might also be involved in the pathogenesis of idio-
athic PAH, and plasma Ang-2 might serve as a promising
ovel biomarker for evaluating the disease severity and the
esponse to treatment in the patients with idiopathic PAH
50]. The expression of Ang-3 was significantly increased
n the vascular intima in the condition of hypoxia. Down-
egulations of both Ang-1/Tie-2 and vascular endothelial
rowth factor and upregulation of Ang-3 appeared to be
nvolved in the rarefying vasculature and hypoxic PAH
volution [46]. It was reported that Tie-2 receptor was
ourfold higher in lungs and pulmonary endothelial cells
rom the patients with idiopathic PAH than in those from
he control. No significant differences were noted in the
ng-1 and Ang-2 expressions between the lung tissues,
ulmonary endothelial cells, and pulmonary artery SMCs.

herefore, the Ang-1/Tie-2 pathway might contribute to
ulmonary artery SMC hyperplasia through the activation
f the growth factor synthesis in the endothelium of the
ulmonary arteries [51].
5

SEROTONIN AND RECEPTORS

Serotonin is another vasoconstrictor as well as a mitogen
of vascular SMCs, participating in the proliferation and
remodeling of pulmonary arterial SMCs during the pro-
gression of PAH [52]. Serotonin is synthesized, through
tryprophan hydroxylase 1, in the endothelial cells of
the pulmonary artery and can then act on underlying
pulmonary arterial SMCs and fibroblasts in a paracrine
fashion causing constriction and remodeling [53]. Sero-
tonin exerts bidirectional modulatory effects. First, it can
induce the corresponding receptor in the cell signal trans-
duction mechanism, such as calcium ion increase, and
activation of phosphatidylinositol, protein kinase C and
mitogen-activated protein kinase (MAPK), etc., and upreg-
ulate the expression of c-myc gene, thereby promoting
the proliferation of vascular SMC; on the other hand, it
can increase the numbers of cyclic adenosine monophos-
phate receptors on the cellular surface by which it inhibits
the proliferation of vascular SMC [8]. Serotonin induces
pulmonary vasoconstriction through the interaction with
serotonin 1B receptors, less so with serotonin 2A recep-
tors, which seem to be predominantly involved in systemic
vasoconstriction and proliferation [54]. Ang-1 increases
the amounts of serotonin available to SMCs and fibroblasts
[55]. Raised serum serotonin levels, enhanced expres-
sions of serotonin transporters and serotonin transporter
genetic polymorphism were susceptible to clinical PAH
[52]. Prolonged exposure to serotonin may lead to PAH by
activating constrictor serotonin 1B receptors and prolifer-
ative serotonin 2B receptors [56]. The immunoreactivity
for serotonin 1B receptors was increased in the media of
the pulmonary arteries in 3-week hypoxic rats, especially
in those adjacent to the adventitia [57]. Serotonin may
promote pulmonary artery SMC proliferation, pulmonary
arterial vasoconstriction and local microthrombosis forma-
tion [58]. Alterations in platelet serotonin reserve and/or
increased platelet depletion may, however, initiate the
development of primary PAH [59]. Serotonin may enter
pulmonary artery SMCs through the interaction with a spe-
cific transporter, resulting in proliferation. Mice lacking the
serotonin transporter or treated with serotonin transporter
inhibitors are protected against hypoxic PAH [54].

CONCLUSIONS

PAH is a syndrome with similar clinical and pathophysio-
logical features with complex mechanisms. The cytokines
that might participate in the pathogenesis of PAH as
mentioned above can be regarded as either a vasoconstric-
tor or a vasodilator, playing important pathogenic roles
through key signaling pathways, particularly the growth
factor signaling pathways. The possible mechanisms of the
vasomotorial cytokines for vascular remodeling process
become more conspicuous by studying the regulations of
ADM and ET, the two commonly involved in the signaling
pathways relating to PAH development. The regulations
of the cytokines are crucial to the vascular damage and
remodeling of the pulmonary arteries. Imbalance between

the vasodilating and vasoconstrictive cytokines is regarded
as an initiating step of development of PAH. Better under-
standing of the nature and properties of the cytokines in
the development of PAH would be helpful in generating
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ew agents that may antagonize or analogize the path-
ays responsible for PAH, and may enhance the treatment

trategies.
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angiopoietin-1 in patients with pulmonary hypertension due to mitral
stenosis. Heart Vessels 2011; 26: 536-41.

50. Kümpers P, Nickel N, Lukasz A, et al. Circulating angiopoi-
etins in idiopathic pulmonary arterial hypertension. Eur Heart J
2010; 31: 2291-300.

51. Dewachter L, Adnot S, Fadel E, et al. Angiopoietin/Tie2 path-
way influences smooth muscle hyperplasia in idiopathic pulmonary
hypertension. Am J Respir Crit Care Med 2006; 174: 1025-33.

52. Li BB, Jiang Z. Role of serotonin in proliferation of pulmonary arte-
rial smooth muscle cells and remodeling of pulmonary vasculature.
Int J Anesth Resus 2007; 28: 441-4.

53. Dempsie Y, MacLean MR. Pulmonary hypertension: therapeutic
targets within the serotonin system. Br J Pharmacol 2008; 155:
455-62.

54. Morecroft I, Loughlin L, Nilsen M, et al. Functional interac-
tions between 5-hydroxytryptamine receptors and the serotonin
transporter in pulmonary arteries. J Pharmacol Exp Ther
2005; 313: 539-48.

55. Sullivan CC, Du L, Chu D, et al. Induction of pulmonary hyperten-
sion by an angiopoietin 1/TIE2/serotonin pathway. Proc Natl Acad
Sci U S A 2003; 100: 12331-6.

56. Kaumann AJ, Levy FO. 5-hydroxytryptamine receptors in the human
cardiovascular system. Pharmacol Ther 2006; 111: 674-706.

57. Wang JX, Tang FK, Xiao J, et al. Expression and dis-
tribution of 5-HTlB receptors in lung tissue in rats with
hypoxic pulmonary hypertension. Chin J Pathophysiol 2010; 26:
1579-83.

58. Fanburg BL, Lee SL. A new role for an old molecule: serotonin as a
mitogen. Am J Physiol 1997; 272: L795-806.
59. Eddahibi S, Fabre V, Boni C, et al. Induction of serotonin transporter
by hypoxia in pulmonary vascular smooth muscle cells. Relation-
ship with the mitogenic action of serotonin. Circ Res 1999; 84:
329-36.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


