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Lessons learned from cancer may help  
in the treatment of pulmonary hypertension
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Hyperplasia of pulmonary artery SMCs (PASMCs) is a pathological hallmark 
of pulmonary arterial hypertension (PAH). In this issue of the JCI, McMurtry 
et al. report that adenovirus-mediated overexpression of survivin — a mul-
tipotent inhibitor of apoptosis — induces PAH in rats, whereas inhalation 
of an adenovirus vector encoding a mutant survivin gene with dominant-
negative properties reverses established monocrotaline-induced PAH (see 
the related article beginning on page 1479). These findings raise important 
issues regarding the role of survivin in the pathogenesis of PAH, its value as a 
prognostic indicator, and its use as a target for new therapeutic strategies.
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Pulmonary arterial hypertension 
and smooth muscle hyperplasia: 
unresolved questions
Pulmonary arterial hypertension (PAH), 
whether idiopathic (iPAH) or associated 
with underlying diseases (aPAH), is an 
unexplained condition for which severe 
forms in adults or neonates are fatal and 
no satisfactory treatment is available. 
Valuable new insights into the disease 
have stemmed in recent years from genetic 
studies identifying mutations in the gene 
encoding bone morphogenic protein recep-
tor type 2 (BMPRII) in patients with famil-
ial iPAH (1, 2) and from functional stud-
ies showing dysregulation of molecular 
events governing pulmonary artery SMC 
(PASMC) proliferation (3). The nature of 
the primary defect responsible for trigger-
ing, maintaining, and arresting PASMC 

proliferation in PAH is poorly understood 
but may be either an inherent characteris-
tic of PASMCs (as seen with cancer cells) or 
a secondary response to an external abnor-
mality, such as upregulation of a growth 
factor. Under the first hypothesis, cells 
removed from their in vivo environment 
would continue to proliferate excessively, 
whereas under the second hypothesis, 
their proliferation rate would be normal. 
An intermediate situation has been found: 
when removed from their in vivo envi-
ronment, PASMCs from PAH patients 
demonstrate excessive proliferation when 
stimulated by serotonin (5-hydroxytryp-
tamine [5-HT]) or endothelin-1 (ET-1) 
but not when stimulated by PDGF, EGF, 
FGF, IGF, or TGF-β (4, 5). Moreover, they 
are far less sensitive to growth inhibition 
by bone morphogenic proteins (BMPs) 
than are normal cells (6). Therefore, the 
intrinsic abnormalities of these PASMCs 
involve not intracellular mitogenic signals 
but rather signal transmission from spe-
cific autocrine or paracrine factors such 
as BMPs, 5-HT, or ET-1. Increased expres-
sion of the serotonin transporter (5-HTT), 
which mediates the proliferative effect of 
5-HT, and marked reduction of BMPRII 
expression appear specific to iPAH and 

aPAH (4, 7). These molecular alterations 
occur without apparent genetic abnor-
malities: in cells without the mutation in 
BMPRII, the extent of BMPRII underex-
pression is similar to that in mutated cells 
(6), and the 5-HTT overexpression can be 
explained only partly by the polymorphism 
of its gene promoter (5). Why PASMCs 
from PAH patients maintain an abnormal 
phenotype in vitro and how environmental 
and genetic factors regulate the expression 
of these key molecular transmitters remain 
open questions.

Until now, alterations in apoptotic pro-
cesses have not been considered to play a 
role in PASMC proliferation, in contrast 
to mechanisms of disorganized EC prolif-
eration contributing to plexiform lesions 
at branch points of pulmonary arteries in 
iPAH (8). In this issue of the JCI, McMur-
try et al. open up the intriguing possibility 
that increased survivin expression may con-
tribute to the abnormal PASMC phenotype 
observed in PAH (9).

Is there a role for survivin  
in the pathogenesis of PAH?
Survivin belongs to the inhibitor of 
apoptosis protein (IAP) family, members 
of which confer protection from death-
inducing stimuli (10). One of the most 
striking features of survivin is its differen-
tial expression in cancerous versus normal 
tissues. Survivin is virtually undetectable 
in normal adult differentiated tissues but 
is expressed in most human cancers (11). 
Thus, dysregulated survivin expression is 
considered to be a major pathologic mech-
anism of apoptosis inhibition. However, 
survivin pathway reactivation may occur 
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in normal cell types, most notably vascu-
lar cells, including SMCs and ECs. That 
SMC survival influences abnormal ves-
sel wall remodeling is supported by data 
from studies of systemic arteries. Vascular 
injury increases survivin expression in the 
vessel wall, concomitantly with neointi-
ma formation (12). Similarly, McMurtry 
and colleagues demonstrate that survivin 
overexpression coincided with pulmonary 
vascular remodeling in rats developing 
monocrotaline-induced PAH (9). Thus, 
survivin overexpression does not pre-
cede, but instead occurs downstream of, 
the remodeling process. Interestingly, in 
vitro stimulation of SMCs from systemic 
arteries also induces survivin expression, 
in keeping with the fact that survivin is 
regulated in a cell cycle–dependent man-
ner (10). However, in SMCs from systemic 
arteries, this occurs in response to PDGF 
but not to EGF, basic FGF, or TGF-β (12). 
On the other hand, ECs express survivin 
in response to angiogenic factors that 
stimulate growth, such as VEGF, but also 
in response to angiopoietin-1, which on 
the contrary induces EC quiescence while 
increasing EC survival (13, 14). Thus, 
vascular cell stimuli may induce survivin 
expression, mitogenic signals, or a com-

bination of both (Figure 1). The response 
may depend on the type of stimulus but 
may also vary according to the origin and 
phenotype of the vascular cells. Whether 
dysregulated survivin expression is associ-
ated with the abnormal PASMC phenotype 
in PAH and whether it is affected selectively 
by specific growth factors are important 
questions for future research.

A major finding from the study by 
McMurtry et al. (9) is that lung gene trans-
fer of survivin triggers pulmonary vascular 
remodeling. Antiapoptotic signals and 
growth factors are believed to act together 
to produce PASMC proliferation in PAH. 
The fact that a selective increase in an 
antiapoptotic signal induces PAH indicates 
that regulation of the balance between 
mitotic and apoptotic activity in the normal 
pulmonary circulation is critical to main-
taining pulmonary vessel integrity. Since 
survivin gene transfer to cultured SMCs 
does not cause cell growth, this suggests 
that, in vivo, growth stimuli are continu-
ously delivered to the normal pulmonary 
vessels. Thus, among stimuli causing PAH, 
some may act only by stimulating survivin. 
This may be particularly relevant to disease 
states, since survivin expression is not only 
regulated in a cell cycle–dependent man-

ner but is also under the influence of many 
factors, including hypoxia and ubiquitous 
transcription factors such as NF-κB (10).

Is survivin a valuable prognostic 
index in pulmonary hypertension?
In several tumor series, presence of survivin 
correlated with a lower apoptotic index in 
vivo and shorter overall patient survival (15, 
16). Whether these characteristics apply to 
iPAH is of great interest. There is consid-
erable dissimilarity among patients with 
PAH regarding disease progression rates 
and treatment responses. Whether the level 
of survivin expression in pulmonary vessels 
reflects the potential for disease progres-
sion remains to be tested.

Survivin antagonists: a novel 
therapeutic strategy for pulmonary 
hypertension?
The use of molecular antagonists of sur-
vivin to increase cell death might hold ther-
apeutic potential, most notably for tumors 
(11). Because survivin is expressed chiefly 
in growing tissues, limited toxicity for nor-
mal tissues would be expected. Previous in 
vivo results published in the JCI are consis-
tent with this possibility, showing selective 
inhibition of tumor growth in mice treated 
with a survivin mutant adenovirus (17). 
Survivin antagonists hold appeal in the 
treatment of PAH, as they may work in the 
various forms of PAH, despite differences 
in pathogenic mechanisms. However, the 
view that survivin is expressed only in can-
cers has been challenged by many studies. 
Survivin expression has been documented 
in adult quiescent cells, including several 
cell types in the central nervous system, 
circulating neutrophils and lymphocytes, 
hematopoietic stem cells, hepatocytes, and 
intestinal crypt cells (11, 13, 18). Adminis-
tration of survivin antagonists via an intra-
tracheal route may limit untoward systemic 
effects but may not be devoid of toxicity to 
airways and alveolar epithelial cells or to 
ECs. Thus, whether survivin antagonists 
can be safely administered to PAH patients 
without affecting systemic organs and lung 
cell types other than PASMCs will have to 
be extensively studied before these agents 
are considered for therapeutic purposes.
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Figure 1
Hypothetical mechanisms leading to hyperplasia of SMCs or ECs in PAH. A number of growth 
stimuli may act predominantly by inducing mitogenic signals, which may then lead to survivin 
expression through cell cycle–dependent pathways (cells stimulated by VEGF, PDGF, etc.). 
Stimuli with a predominant antiapoptotic effect may act on survivin expression chiefly through 
cell cycle–independent pathways (cells stimulated by IL-1, angiopoietin-1 [Ang1], hypoxia, etc.). 
The potential effects of factors involved in the pathogenesis of PAH, such as 5-HT, ET-1, TGF-β, 
and BMPs are unknown.
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Transcriptional profiling of patient tumors is a much-heralded advance-
ment in cancer therapy, as it provides the opportunity to identify patients 
who would benefit from more or less aggressive therapy and thus allows 
the development of individualized treatment. However, translation of this 
promise into patient benefit has proven challenging. In this issue of the 
JCI, Glinsky and colleagues used human and murine models to identify a 
potential stem cell mRNA signature, based on the hypothesis that tumors 
with stem cell–like characteristics are likely to have a poor prognosis (see the 
related article beginning on page 1503). Remarkably, an 11-gene “expression 
signature” associated with “stem cell–ness” separated patients with differ-
ent cancers into good- and poor-prognosis groups. Such a “magic marker” 
would, if validated, have a major impact on patient care. However, there 
remain challenges incumbent with creating and validating such signatures.
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Prediction and cancer
The inception of high-throughput analy-
ses using oligonucleotide microarrays has 
given biologists the ability to globally assess 
RNA levels in a patient’s tumor sample. A 

typical microarray study generates data 
on the expression of the approximately 
20,000 human genes and soon studies will 
be able to analyze the more than 150,000 
splice variants of RNA that are likely to have 
functional roles. The inherent challenge is 
to convert this data into applicable knowl-
edge. A potential strength of the technology 
lies in its ability to uncover complex gene 
interaction patterns and correlate those 
patterns with clinically relevant outcomes. 
This “holy grail” could ultimately predict 
not only the therapeutic response of the 
tumor present in each patient, but also the 
patient's survival, which would subsequent-
ly lead to the development of individualized 
therapy for each patient based both on the 
genetic aberrations in the tumor and on the 

patient’s own genetic makeup. However, 
despite early enthusiasm, there have been 
considerable challenges in converting the 
promise of individualized molecular medi-
cine into clinical practice.

In this issue of the JCI, Glinsky and col-
leagues outline a possible expression signa-
ture comprising 11 genes that has the ability, 
according to the authors’ analysis, to segre-
gate tumor samples from multiple tumor 
lineages into those that have good or poor 
prognoses (1). The authors have applied this 
gene set to multiple tissue types from dispa-
rate data sets and have repeatedly observed 
its predictive power. The application of 
their 11-gene signature to these indepen-
dent sets addresses an analytical limitation 
that is often overlooked when “predictive” 
gene expression signatures are found in 
microarray experiments (2, 3). When thou-
sands of measurements are taken on each 
patient, the number of ways to select some 
of those measurements as a pattern clas-
sifying tumors or predicting outcomes is 
enormous. When selecting multiple gene 
measurements, the probability of finding 
a combination with apparent clinical rel-
evance just by chance is even higher.

This multiple-measurements problem 
can be addressed using a “training and test 
set” approach, wherein predictive models 
are validated on separate, independent 


