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EDITORIAL COMMENT
SCUBE Diving
Biomarker Discovery for Pulmonary Hypertension
From Bench to Bedside*
Jose Gomez-Arroyo, MD, PHD,a Norbert F. Voelkel, MD,b Antonio Abbate, MD, PHDc
F or years biomarkers have changed the way we
practice medicine by defining a diagnosis,
guiding therapy, or simply monitoring a basic

biological function. It is not unreasonable to say
that irrespective of its function, any clinically rele-
vant biomarker should have at least 4 critical fea-
tures: it ought to be objective, quantifiable,
mechanistically sound, and, most important, repro-
ducible. Interestingly, whereas the knowledge base
for pulmonary arterial hypertension (PAH) has
expanded almost exponentially in the past 3 decades,
few mechanistic biomarkers have fulfilled these
criteria and managed to make the transition from
bench to bedside. Similarly, the number of bio-
markers to diagnose PAH remains limited to invasive
hemodynamic parameters described more than 50
years ago, when Cournand and Ranges (1) first pio-
neered right heart catheterization. Many biomarker
candidates have failed in their translation from ro-
dent models to humans, have failed to
become readily available clinical laboratory tools,
have not been reproducible, or were simply part of a
scientific fad.
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The complexity of biomarker discovery is what
makes the study by Sun et al. (2) in this issue of JACC:
Basic to Translational Science a rather unique story
from a translational science perspective. First, they
took advantage of publicly available datasets ob-
tained from induced pluripotent stem cell–derived
bone morphogenetic protein receptor type 2
(BMPR2)–deficient human endothelial cells to look for
differentially expressed genes in an unbiased
manner. Among a short list of differentially expressed
genes, they identified signal peptide CUB-EGF-
domain containing protein 1 (SCUBE1). At the molec-
ular level, the investigators demonstrate that
silencing BMPR2 expression (simulating heterozy-
gosity in humans) was sufficient to decrease the
expression of SCUBE1 in pulmonary artery endothe-
lial cells at the transcript and protein levels. Because
not all patients with PAH will have mutations in
BMPR2, they postulated that alternative triggers
involved in the pathogenesis of PAH could impair
SCUBE1 expression or function. Indeed, the in-
vestigators showed that increased inflammation (by
means of interleukin 1-b exposure) or chronic hypoxia
were sufficient to down-regulate SCUBE1 expression
in a BMPR2-independent fashion. At the cellular
level, silencing of SCUBE1 induced endothelial cell
apoptosis, a critical “first hit” in the pathobiology of
PAH (3,4). To determine the role of SCUBE1 in vivo,
Sun et al. measured the tissue expression and serum
levels of SCUBE1 in 3 different rodent models of PAH
and confirmed low circulating levels and lung tissue
expression, a finding that was not present in other
models of pulmonary (Klebsiella pneumoniae bacterial
pneumonia) or nonpulmonary (myocardial infarction)
disease. As an attempt to bridge their findings toward
a clinically relevant biomarker, they measured circu-
lating levels of SCUBE1 in patients with PAH, pul-
monary venous hypertension secondary to left heart
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disease, and other pulmonary and nonpulmonary
disease controls. In line with the data from animal
models, they showed that levels of SCUBE1 were
significantly lower in patients with PAH compared
with healthy control subjects in serum and lung tis-
sue samples. In addition, SCUBE1 plasma level
correlated with different clinical variables of disease
severity (invasive and noninvasive). Interestingly,
both tissue and plasma levels of SCUBE1 were not
different in patients with chronic obstructive pul-
monary disease (although it is unclear whether any of
these patients had associated pulmonary hyperten-
sion). Last, the investigators not only show that
plasma SCUBE1 level was different between PAH and
pulmonary venous hypertension but postulate that it
could be used to discriminate between these 2
subtypes.

The story told by Sun et al. (2) is to be applauded
for the vision and creativity to transform a single
data point from a bioinformatics study to a poten-
tially clinically relevant biomarker of disease.
Nonetheless, although their study is extensive and
comprehensive, many questions remain to be
answered. From a biology standpoint, it is unclear
what down-regulates the expression of SCUBE1 in
patients with PAH. If it is indeed a systemic
inflammation and/or hypoxia-inducible factor–
dependent phenomenon, why would patients with
acute lung injury or chronic obstructive lung dis-
ease (assuming they had chronic hypoxic respira-
tory failure) exhibit normal levels of SCUBE1? Most
likely alternative factors drive the change in SCUBE1
expression, none of which were investigated in this
study. Is SCUBE1 necessary or even sufficient to
cause spontaneous PAH? Although there appears to
be a strong association, the most critical experiment
is missing: can genetic ablation of SCUBE1 cause
pulmonary hypertension? SCUBE1-knockout mice
are viable (5), but it is unclear whether they
develop pathological lung vascular remodeling. And
last, can replacement of SCUBE1 reverse or even
prevent the development of PAH?

From a clinical standpoint, the findings need to be
reproduced using samples from an external cohort of
patients. Although statistically significant, a
biomarker with specificity of 85% may not be robust
enough to replace the gold-standard diagnostic tools
for PAH. However, it will be interesting to know how
its discrimination power will change when modeling
with other clinically relevant parameters associated
with the development of PAH, such as female sex,
predisposing conditions (autoimmune disease, liver
disease, human immunodeficiency virus infection),
and drug exposure history (cocaine,
methamphetamine).

Whether SCUBE1 will eventually become a ther-
apeutic target for PAH or plasma levels will be used
as a laboratory biomarker to diagnose or discrimi-
nate subtypes of pulmonary hypertension remains
to be seen. However, one thing is clear: this study
should serve as a comprehensive blueprint for re-
searchers interested in the challenging field of
biomarker discovery. In the end, anyone can choose
to stay in the shallow end of the pool or to dive
deep into the ocean, but should you choose the
latter, as Sun et al. (2) have done, be sure to bring
your vision and creativity.
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