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Pulmonary arterial hypertension (PAH) is a multifactorial and
life-threatening condition characterized by abnormal remod-
eling of distal pulmonary arteries leading to a progressive
increase in pulmonary vascular resistance and subsequent
right ventricular hypertrophy and failure [1, 2]. Despite im-
portant progress in our understanding of pathways that con-
tribute to the excessive vasoconstriction and muscularization
of pulmonary vessels, current therapies fail to substantially
reduce PAH progression and mortality. Thus, PAH still re-
mains to be a significant challenge and needs to be further
investigated. Recent accumulating evidence have demonstrat-
ed that epigenetic alterations, illustrated by deregulated
microRNA expression, play key roles in the onset and pro-
gression of PAH [3–5]. Although, the number of miRNAs and
targets involved in PAH has grown rapidly, it is nevertheless
assumed that based on the complex pathogenesis of PAH
(multiple triggers affecting different cell types), the current list
is not exhaustive.

In this issue, Gao and colleagues used an unbiased high-
throughput approach coupled with bioinformatics tools to
identify miRNAs and pathways implicated in end-stage idio-
pathic PAH [6]. The authors found that 21 miRNAs were
differentially expressed in lung homogenates from PAH pa-
tients compared to controls. In order to interpret the biological
impact of these miRNAs changes, they applied an in silico

analysis of pathways based on the known miRNA target
genes. Functional and pathway enrichment analysis revealed
that the Wmt/β-catenin pathway stands among the top ranked
pathways for the target genes of all the differentially expressed
miRNAs.

The Wnt signaling pathway is an evolutionary conserved
system regulating multiple aspects of tissue development and
homeostasis. The Wnt signaling has been broadly separated
into two branches: the β-catenin-dependent (canonical) and
the β-catenin-independent (non-canonical) pathways. The ca-
nonical Wnt signaling involves complex intracellular events
culminating in cytoplasmic stabilization ofβ-catenin (through
the suppression of the GSK-3β inhibition complex), which
then translocates to the nucleus where it complexes with tran-
scription factors and coactivators to initiate transcription of
target genes [7]. During lung morphogenesis, the canonical
Wnt signaling has been shown to be required for differentia-
tion of vascular smooth muscle cells. Indeed, mice condition-
ally deleted for β-catenin in smooth muscle precursors
displayed a thinner smooth muscle layer surrounding the de-
veloping blood vessels [8]. This anomaly was accompanied
by a reduced expression of Tenascin C (TnC), an extracellular
matrix molecule stimulating Pdgfrβ (a marker of smoothmus-
cle precursors) expression. In agreement with these findings,
increased expression of the Wnt/TnC/Pdgfr pathway was
found in human PAH [8], indicating that this signaling axis
required for pulmonary vascular smooth muscle development
is aberrantly overexpressed in PAH. The implication of the
Wnt signaling in PAH appears not to be restricted to smooth
muscle cells. Indeed, treatment of human pulmonary artery
endothelial cells (HPAECs) with WNT3 (a Wnt ligand) was
shown to promote proliferation, migration, and survival of
HPAECs while increasing β-catenin transcriptional activity
and target genes [9], suggesting that the canonical Wnt signal-
ing may favor the proliferation of apoptosis-resistant
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endothelial cells leading to the appearance of plexiform le-
sions. In agreement with these data, Gao and colleagues ob-
served that several members of the Wnt signaling, including
FZD4, FZD10, CTNNB1, and AXIN2 are upregulated in end-
stage idiopathic PAH lungs compared to controls. Moreover,
the authors demonstrated that among the miRNAs
overexpressed in PAH lungs, miR-199b-5p detected in the
pulmonary vascular endothelium and adventitia positively
correlates with muscularization as well as hemodynamic pa-
rameters at diagnosis such as mean pulmonary arterial pres-
sure and pulmonary vascular resistance. In an effort to gain
further insight into the role of miR-199b-5p, the authors
showed that exposure of HPAECs to hypoxia (a major trigger
in pulmonary hypertension) led to increased expression of
miR-199b-5p and concomitant downregulation of GSK3-β,
a key event in Wnt signaling activation (Fig. 1). To achieve
a more direct assessment of the relationship between miR-
199b-5p and GSK3-β, a gain and loss of function approach
was used demonstrating a significant bi-directional modula-
tion, responding as expected to both mimic and antagomiR
transfection. However, the molecular repercussions of miR-
199b-5p upregulation on nuclear accumulation of β-catenin
and AXIN2 expression, commonly used as readouts of the
Wnt pathway activity, and subsequent effects on biological
processes remain to be addressed. Moreover, it would be in-
teresting to confirm that isolated PAH-PAECs display elevat-
ed miR-199b-5p expression compared to healthy cells. Taken
together, these experiments will provide valuable insights into
the clinical importance of this selected miRNA. Interestingly,
the findings that miR-199b overexpression sensitizes the myo-
cardium to pathological cardiac hypertrophy whereas its si-
lencing prevents and reverses cardiac remodeling and dys-
function indicate that elevated miR-199b-5p may accelerate

heart failure in PAH [10]. In addition, miR-199b-5p was re-
cently reported to be increased in osteosarcoma tissues and
correlates with shorter overall survival, promoting prolifera-
tion of cancerous cells [11].

Given that lung biopsy in PAH patients entails substantial
risk of morbidity and mortality, assessment of gene expression
is based largely on lung tissues obtained from patients with
end-stage disease. It is thus uncertain whether the expression
changes observed in these tissues, as performed in the present
study, correspond to a consequence of long-standing disease
rather than mechanisms accounting for PAH development or
progression. To address this problem and gain insight into the
function of these miRNAs during PAH development, a longi-
tudinal study of their expression changes in an experimental
model of the disease should be conducted. Furthermore,
in vivo manipulation of miRNA expression and function
through the use of genetically engineered mice or local deliv-
ery of antimiRs is required to fully appreciate the potential
involvement of these miRNAs in PAH pathogenesis [12–14].

It must be noted that although the expression levels of
validated miRNAs in lung homogenates connects with hemo-
dynamics and histopathological parameters, strengthening the
use of miRNAs as both a therapeutic and diagnostic tool in
PAH, the pertinence of measuring miRNA levels in lung tis-
sue for diagnostic purposes is somewhat questionable. To this
end, determining whether miR-199b-5p expression is consis-
tently increased in easy accessible body fluids from PAH pa-
tients and correlates with prognosis and severity would be of
greater interest. For instance, miR-204 expression found to be
decreased in human PAH and correlating with disease severity
was shown to display a similar variation in buffy coat isolated
from patients with PAH, supporting its use as a promising
diagnostic, prognostic, and predictive biomarker [13, 15].
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Fig. 1 Identification of a miRNA gene signature that potentially links the
Wnt signaling pathway in the context of end-stage PAH. Among
dysregulated miRNAs, upregulation of miR-199b-5p in pulmonary
endothelial cells (PAECs) targets GSK3, inhibition of which leads to

nuclear translocation of released β-catenin. Increased expression of
downstream targets is proposed to favor vascular remodeling and poor
outcome of PAH
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In identifying a miRNA signature that influences major
PAH-related pathways, Gao and colleagues provide a starting
point for a more thorough investigation. Further studies
aiming to explore their underlying functions, the associated
mechanisms behind their deregulation as well as their pres-
ence in extracellular fluids are warranted to establish their
clinical utility.
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