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Introduction and objectives Regeneration of healthy lung tissue
in patients with end-stage respiratory disease (ESRD) would cure
disease, rather than treating symptoms. For this a detailed under-
standing of lung development is needed and the mouse has been
used extensively as an in vivo genetically-modifiable model. Dif-
ferentiation and validation of human induced pluripotent stem
cells (hiPSCs) is entirely based on mouse literature. The most
important epithelial stem cell population in developing lungs is
found in distal branching tips, and these Sox9+ lung epithelial
stem cells (LESCs) generate all epithelial lineages. Our objective
was to develop a self-renewing, genetically-modifiable epithelial
in vitro culture system from human embryonic LESCs and differ-
entiate them into alveolar and bronchiolar cells.
Methods Human embryonic LESCs were characterised using
genome-wide transcriptional analysis (RNAseq) and immunohis-
tochemistry (5–20 post-conceptional weeks). LESCs were micro-
dissected and self-renewing expansion in 3D organoid culture
was established empirically. Using RNAseq and immunohisto-
chemistry, we assessed the similarities between cultured and fresh
LESCs. Genetic stability was evaluated by karyotyping. Organoids
were differentiated in vitro, or in vivo using xenotransplantation
into bleomycin-injured adult mouse lungs or kidney capsule.
Gene editing was done using CRISPR-Cas9 to delete SOX9.
Results RNAseq of LESCs identified broad-scale transcriptional
differences between mouse and human embryonic lung stem
cells. Human LESCs were successfully expanded for over 10
months as karyotypically-stable 3D organoids using a combina-
tion of 7 signalling molecules. The LESC stem cell markers, tran-
scriptome and organoid morphology were maintained
throughout the culture period. Bronchiolar and alveolar differen-
tiation was achieved in vitro and in vivo. Moreover, xenotrans-
plantation of organoids into bleomycin-injured adult mouse lungs
was extremely efficient. Knocking out SOX9 led to a loss-of-self-
renewing phenotype.
Conclusions Our novel genetically-modifiable human embryonic
lung culture system enables for the first time the in vitro study of
human lung development and disease modelling. We anticipate
that this work will transform lung regenerative medicine by guid-
ing the development of improved protocols for hiPSC differentia-
tion and manipulation of adult stem cells in vivo, with benefits
for patients with ESRD. Additionally, our protocol for

xenotransplantation following lung injury provides the first
method for efficient future cell therapy.
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Obstructive sleep apnoea is characterised by a loss of neuromus-
cular tone of the upper airway dilator muscles while asleep. Con-
tinuous positive airway pressure is a well-established long-term
treatment, but patient compliance is limited. This study investi-
gated the effectiveness of transcutaneous electrical stimulation in
patients with obstructive sleep apnoea.

This was a randomised, sham-controlled cross-over trial using
transcutaneous electrical stimulation of the upper airway dilator
muscles in patients with confirmed obstructive sleep apnoea.
Patients were randomly assigned to two nights, sham stimulation
and active treatment. The primary outcome was the 4% oxygen
desaturation index, responders were defined as patients with a
reduction >25% in the oxygen desaturation index when com-
pared to sham stimulation and/or with an index <5/hour in the
active treatment night.

In 36 patients (age mean 50.8 (standard deviation 11.2) years,
male/female 30/6, body-mass-index median 29.6 (interquartile
range 26.9–34.9) kg/m2, Epworth Sleepiness Scale 10.5 (4.6)
points, oxygen desaturation index median 25.7 (16.0–49.1)/hour,
apnoea hypopnoea index median 28.1 (19.0–57.0)/hour) the pri-
mary outcome measure improved when comparing sham stimula-
tion (median 26.9 (17.5–39.5)/hour) to active treatment (median
19.5 (11.6–40.0)/hour; p = 0.026), a modest reduction of the
mean by 4.1 (95% CI: �0.6–8.9)/hour. Secondary outcome
parameters of patients’ perception indicated that stimulation was
well tolerated. Responders (47.2%) were predominantly from the
mild-moderate obstructive sleep apnoea category. In this sub-
group, the oxygen desaturation index was reduced by 10.0 (95%
CI: 3.9–16.0)/hour (p < 0.001) and the apnoea hypopnoea index
was reduced by 9.1 (95% CI: 2.0–16.2)/hour (p = 0.004).

Transcutaneous electrical stimulation of the pharyngeal dila-
tors during a single night in patients with obstructive sleep
apnoea improves upper airway obstruction and is well tolerated.
(TESLA trial registration at NCT01661712)
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