
Comment on: Transcriptomic analysis of CFTR-impaired
endothelial cells reveals a pro-inflammatory phenotype

To the Editor:

We read with interest the article “Transcriptomic analysis of CFTR-impaired endothelial cells reveals a
pro-inflammatory phenotype” by DECLERCQ et al. [1]. Cystic fibrosis transmembrane conductance regulator
(CFTR) is a cyclic adenosine monophosphate (cAMP)-dependent and ATP-gated Cl− channel and
mutations in the CFTR gene are responsible for cystic fibrosis (CF) [2]. DECLERCQ et al. [1] report that
CFTR impairment in endothelial cells (ECs) by CFTR silencing or inhibition (using CFTR inhibitor 172,
CFTRinh-172) reduced EC proliferation, migration and autophagy. Moreover, the authors demonstrated
that the loss of CFTR acts in favour of EC dysfunction characterised by pro-inflammatory phenotype
favouring leukocyte extravasation. Using cftr knock-out (KO) mice, DECLERCQ et al. [1] found an increase
of leukocyte extravasation in lung and liver parenchyma associated with increased levels of EC activation
markers (figure 1).

By regulating inflammation, angiogenesis, blood coagulation and vascular tone, ECs play a crucial role for
maintaining vessel homeostasis. However, in comparison with their role in epithelial cells, the role of
CFTR in vascular cells is understudied. CFTR expression is not restricted to epithelial cells and is
expressed by different cell types, including ECs, tracheal smooth muscle and vascular smooth muscle
cells [3]. For example, in 2007, R. Robert and co-workers showed that CFTR pharmacological activation
induces relaxation of pulmonary artery and aorta independently of the endothelium [4, 5], and the
CFTR-mediated relaxation was reduced in aortas from cftr KO mice [5]. In aorta from CFTR-F508del
pigs, CFTR mutation decreases aortic responsiveness [6]. More recently, TOTANI et al. [7] demonstrated that
CFTR is functionally expressed in human pulmonary arterial endothelial cells (PAECs). In that study, the
authors used human umbilical vein endothelial cells (HUVECs) and human PAECs from non-cystic
fibrosis patients (non-CF-PAECs) and from CF patients (CF-PAECs). They found that CFTR is clearly
functional in HUVECs and in non-CF-PAECs, by patch-clamp recording, and the function of CFTR is
strongly reduced in CF-PAECs. TOTANI et al. [7] also showed that CFTR inhibition (CFTRinh-172)
increased endothelial barrier permeability and reduced trans-endothelial electrical resistance (TEER).
Consistent with the decreased CFTR function in CF-PAECs, CF-PAECs showed lower TEER compared to
non-CF-PAEC.

We confirmed CFTR is expressed by human and rat pulmonary arterial smooth muscle cells (PASMCs)
and PAECs, and this expression is strongly reduced in PASMCs and PAECs from patients suffering from
pulmonary arterial hypertension (PAH) as well as in experimental models of pulmonary hypertension
(PH) [8]. PAH is a progressive and severe disease haemodynamically defined by a mean pulmonary artery
pressure >25 mmHg and a pulmonary vascular resistance >3 Wood units at rest [9]. PAH is the
consequence of an increase in pulmonary vascular resistance due to narrowing of distal pulmonary arteries
and arterioles that causes adaptive right ventricular hypertrophy and then right heart failure [9]. Pulmonary
artery remodelling is the consequence of PASMC and PAEC dysfunction leading to pulmonary artery
vasoconstriction, reduction in pulmonary artery relaxation and exacerbated pulmonary vascular cell
proliferation and apoptosis resistance [10].

We demonstrated that CFTR pharmacological activation induces pulmonary artery relaxation in human, pig
and rat pulmonary arteries. In association with the reduced expression of CFTR in PASMCs from PAH
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patients or experimental PH models, we found that CFTR-mediated pulmonary artery relaxation is reduced
in pulmonary arteries from PAH patients and experimental PH models. Moreover, the long-term in vivo
inhibition of CFTR (CFTRinh-172) in rats significantly increased right ventricular systolic pressure, with
an exaggerated pulmonary vascular cell proliferation (PASMCs) and vessel neomuscularisation. The
chronic inhibition of CFTR aggravates the severity of PH induced by monocrotaline exposure. Finally,
histological analysis of pulmonary arteries in CF patients (with F508del-CFTR mutation) revealed a severe
pulmonary artery remodelling with intimal fibrosis and medial hypertrophy, with no correlation between
the pulmonary artery remodelling and the percent predicted forced expiratory volume in 1 s. Similarly,
lungs from homozygous F508delCftr rats exhibited pulmonary vessel neomuscularisation compared to
wild-type rats [8].

In context of PAH, the work done by DECLERCQ et al. [1], indicating that CFTR loss of expression/function
promotes EC dysfunction, suggests that the loss of CFTR expression in PAECs from PAH, observed by
LE RIBEUZ et al. [8], could also contribute to the pathogenesis of PAH (figure 1). Indeed, in PAH, EC
dysfunction is recognised to be the centre of PAH pathogenesis, without a doubt. Many characteristics of
PAH physiopathology can be explained by EC dysfunction, including pulmonary inflammation,
coagulation, apoptosis resistance, and proliferation accumulation of inflammatory cells [11]. DECLERCQ

et al. [1] demonstrated that ECs possibly contribute to the excessive inflammatory phenotype observed in
CF and, additionally, we can extrapolate that the loss of CFTR expression/function observed in PAECs
from PAH patients could also contribute to excessive perivascular inflammation observed in PAH patients.

Together these results highlight the need to investigate the role of CFTR in PAECs isolated from PAH
patients to decipher the contribution of CFTR dysfunction in PAH pathogenesis.
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FIGURE 1 Proposed events arising from cystic fibrosis transmembrane conductance regulator (CFTR)
dysfunction in pulmonary arterial endothelial cells (PAECs) and pulmonary arterial smooth muscle cells
(PASMCs) from the work done by DECLERCQ et al. [1], TOTANI et al. [7] and LE RIBEUZ et al. [8]. CF: cystic fibrosis;
PAH: pulmonary arterial hypertension; ROS: reactive oxygen species.
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