Loss of endothelial CFTR drives barrier failure and edema formation in lung infection and
can be targeted by CFTR potentiation
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Pneumonia is the most common cause of the acute respiratory distress syndrome (ARDS), a
potentially fatal lung disease characterized by hyperinflammation and endothelial barrier failure.
Infectious and inflammatory stimuli can cause rapid downregulation of cystic fibrosis
transmembrane conductance regulator (CFTR), and inhibition of CFTR was found to increase
lung microvascular endothelial permeability in vitro. Here, we identify loss of lung microvascular
endothelial CFTR as important pathomechanism in lung endothelial barrier failure in pneumonia-
induced ARDS, delineate the molecular signaling pathway underlying this effect and identify
CFTR potentiation as novel therapeutic strategy in ARDS.

CFTR was downregulated following Streptococcus pneumoniae (S.pn.) infection in human and
murine lung tissue. CFTR downregulation was also observed in human pulmonary microvascular
endothelial cells (HPMECSs) following infection with Pseudomonas aeruginosa or stimulation with
pneumolysin (PLY), a virulence factor of S.pn., or by plasma from COVID-19 patients. Isolated
perfused lungs revealed that CFTR inhibition increased endothelial permeability in parallel with
intracellular CI- and Ca?* concentrations ([CI];, [Ca2*]:). Inhibition of the CI- sensitive with-no-lysine
kinase 1 (WNK1) replicated the effect of CFTR inhibition on endothelial permeability and
endothelial [Ca?*]; while WNK1 activation attenuated it. Lungs of heterozygous Wnk1-deficient
mice (Wnk1") showed spontaneous leak. Endothelial [Ca?']; transients and permeability in
response to inhibition of either CFTR or WNK1 were prevented by inhibition of the cation channel
transient receptor potential vanilloid 4 (TRPV4). Mice deficient in Trpv4 (Trpv4™") developed less
lung edema and protein leak than their wild-type littermates following infection with S. pn. The
CFTR potentiator ivacaftor prevented CFTR loss and reduced endothelial leak in response to PLY
or plasma from COVID-19 patients in vitro, and prevented lung edema and protein leak after S.
pn. infection in vivo.

Lung infection causes rapid loss of CFTR that promotes lung edema formation through
intracellular Cl-accumulation, inhibition of WNK1 and subsequent disinhibition of TRPV4, resulting
in endothelial Ca?* influx and vascular barrier failure. Ivacaftor prevents CFTR loss and may thus
present a promising therapeutic strategy in ARDS due to severe pneumonia including COVID-19.
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