Hypocapnia, mitochondria and

surfactant secretion
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Surfactant, a phospholipoprotein
produced and stored by alveolar type II
(ATTI) cells, lowers surface tension in the
alveolus and distal airways and is essential
for normal lung mechanics and gas
exchange.! Decreases in surfactant
production induced by prematurity or
disease cause alveolar collapse, hypoxemia
and reductions in lung compliance,
thereby requiring greater distending pres-
sures to inflate the lung and increases in
the work of breathing.®> Prior studies
dating back >30 years have shown that
alveolar hypocapnia causes depletion of
lamellar bodies in ATII cells and decreases
surfactant production.” However, the
mechanism(s) underlying the effect(s) of
hypocapnia on surfactant secretion by
ATII cells are not well understood.

The paper by Kiefmann et al* in Thorax
sheds light on molecular mechanisms
which may contribute to the effects of
alveolar hypocapnia on surfactant produc-
tion in vivo. The authors examined surfac-
tant secretion, cytosolic and mitochondrial
calcium and alveolar volume and compli-
ance in two rodent preparations: isolated,
blood-perfused rat lungs and rabbits in
which the pulmonary artery was ligated
to produce unilateral lung dead space.
Calcium  concentrations were deter-
mined in rat ATII cells in situ by intrav-
ital fluorescent microscopy. Importantly,
ATII cells have abundant mitochondria
as an energy source for production and
secretion of pulmonary surfactant.' The
calcium signals in the mitochondria regu-
late key cellular functions such as energy
production and cell death.” The transport
of calcium across the inner mitochon-
drial membrane is an essential signalling
pathway for cellular metabolic functions.
The calcium uniporter complex mediates
mitochondrial calcium uptake, a process
that buffers excess cytosolic calcium
and regulates mitochondrial metabo-
lism. Studies with isolated mitochondria
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indicate that they can accumulate large
amounts of calcium.®

The basis for the current study is an
earlier publication by this group using
isolated rat ATII cells in vitro to examine
the effects of hypocapnia on cytosolic
and mitochondrial calcium.” The authors
demonstrated that hypocapnia increased
mitochondrial calcium uptake leading to
the production of reactive oxygen species
and ATII cell apoptosis. The current study
by Kiefmann et al* shows that severe
hypocapnia (ie, venous PCO, <10mm
Hg) in these reduced preparations
decreased surfactant production and cyto-
solic calcium but increased mitochondrial
calcium in ATII cells. Moreover, decreases
in surfactant secretion correlated with the
calcium shift from the cytosol to mitochon-
dria. Alveolar application of rotenone, an
inhibitor of complex I of the mitochon-
drial respiratory chain, completely blocked
hypocapnia-induced reduction of surfac-
tant production and cytosolic calcium and
increased mitochondrial calcium uptake.
Moreover, ruthenium red, an inhibitor
of the mitochondrial calcium uniporter,
produced similar effects. Finally, the
authors found that in rabbits in which the
pulmonary artery was ligated, hypocapnia
reduced surfactant protein secretion in
the bronchoalveolar lavage fluid, alveolar
volume and lung compliance. Hypocap-
nia-induced changes were inhibited by
adding CO, into the inspired gas in the
pulmonary artery-ligated lung. This study
supports the idea that hypocapnia-in-
duced reductions in surfactant secretion
in vivo result from decreases in cytosolic
calcium and increases in mitochondrial
calcium uptake.

Further studies are needed to fill
in important gaps. First, the authors
analyzed the effects of a severe and unphys-
iological reduction in venous PCO,, that is,
to <10mm Hg. It is not known whether
alveolar hypocapnia of lesser magnitude
produces similar, ‘dose-dependent’ effects
on cytosolic and mitochondrial calcium.
Second, the effects of the opposite condition,
that is, hypercapnia, are unknown and need
to be studied. Specifically, does hypercapnia
reduce mitochondrial calcium uptake and
thus stimulate surfactant production? This
is relevant both in subjects with hypercapnic
respiratory failure from severe obstructive

lung disease and subjects receiving ‘permis-
sive hypercapnia’ produced in the setting of
severe acute respiratory distress syndrome
(ARDS) by low ventilator-delivered tidal
volumes.® * Finally, the present study used
rats and rabbits. It remains to be seen if
hypocapnia produces similar effects on
human primary ATII cells in vitro.

Nonetheless, there are several potentially
important pathophysiological implications
of these findings. For example, reductions
in surfactant production are believed to
contribute importantly to the patholog-
ical changes seen in the lung in ARDS.
Of interest, the authors assert that hypo-
capnia produced by ‘perfusion failure’ in
at least some lung regions in ARDS would
produce an attendant decrease in surfac-
tant secretion. The subsequent reductions
in lung compliance in these regions would
increase the risk of barotrauma when alve-
olar distending pressures are high. Baro-
trauma promotes lung injury and therefore
plays an adverse role in ARDS outcome.'® !
Accordingly, an increased understanding of
the regulation of surfactant production and
secretion by ATII cells is likely to yield clin-
ical benefits in ARDS as well as other lung
diseases.

Contributors BK, KB and SK wrote the editorial.

Funding The authors have not declared a specific
grant for this research from any funding agency in the
public, commercial or not-for-profit sectors.

Competing interests None declared.

Provenance and peer review Commissioned;
externally peer reviewed.

© Author(s) (or their employer(s)) 2019. No commercial
re-use. See rights and permissions. Published by BMJ.

| '.) Check for updates

To cite Kosmider B, Bahmed K, Kelsen S. Thorax
2019;74:213-214.

Accepted 17 December 2018
Published Online First 12 January 2019

C%D Linked

» http://dx.doi.org/10.1136/thoraxjnl-2018-211864

Thorax 2019;74:213-214.
doi:10.1136/thoraxjnl-2018-212624

REFERENCES

1 Mason RJ. Biology of alveolar type Il cells. Respirology
2006;11:512-5.

2 Raghavendran K, Willson D, Notter RH. Surfactant
therapy for acute lung injury and acute respiratory
distress syndrome. Crit Care Clin 2011;27:525-59.

3 Shepard JW, Hauer D, Miyai K, et a/. Lamellar body
depletion in dogs undergoing pulmonary artery
occlusion. J Clin Invest 1980:66:36—42.

4 Kiefmann M, Tank S, Tritt M, et al. Dead space
ventilation reduces surfactant secretion due to

BM)

Kosmider B, et al. Thorax March 2019 Vol 74 No 3

@ 213

“ybBuAdoo Aq parosioid 1sanb Aq 20z ‘0T [dy uo ywoo fwg xeloyy/:diny woll papeojumoq ‘6T0Z Alenuer ZT Uo $29212-8T02-|ulxeloyy9sTT 0T Se paysiignd 1s11 :xeloy


http://crossmark.crossref.org/dialog/?doi=10.1136/thoraxjnl-2018-212624&domain=pdf&date_stamp=2019-02-12
http://dx.doi.org/10.1136/thoraxjnl-2018-211864
http://dx.doi.org/10.1111/j.1440-1843.2006.00800.x
http://dx.doi.org/10.1016/j.ccc.2011.04.005
http://dx.doi.org/10.1172/JCI109832
https://www.brit-thoracic.org.uk
http://thorax.bmj.com
http://thorax.bmj.com/

alveolar hypocapnia-induced mitochondrial Ca2+ mitochondrial Ca2+ uniporter gene MCU. Sci Signal 9 0’Croinin D, Ni Chonghaile M, Higgins B, et al. Bench-
uptake. Thorax 2019;74:219-28. 2015;8:ra23. to-bedside review: Permissive hypercapnia. Crit Care

5 Hoffman NE, Chandramoorthy HC, Shanmughapriya S, Kiefmann M, Tank S, Keller P, et a/. IDH3 mediates 2005;9:51-9.
et al. SLC25A23 augments mitochondrial Ca2* uptake, apoptosis of alveolar epithelial cells type 2 due to 10 Gattinoni L, Marini JJ, Collino F, et a/. The future of
interacts with MCU, and induces oxidative stress- mitochondrial Ca®* uptake during hypocapnia. Cel/ mechanical ventilation: lessons from the present and
mediated cell death. Mol Biol Cell 2014;25:936—47. Death Dis 2017;8:3005. the past. Crit Care 2017;21:183.

6 Shanmughapriya S, Rajan S, Hoffman NE, et al. Shigemura M, Lecuona E, Sznajder JI. Effects 11 Oeckler RA, Hubmayr RD. Cell wounding and repair
Ca2+ signals regulate mitochondrial metabolism of hypercapnia on the lung. J Physiol in ventilator injured lungs. Respir Physiol Neurobiol
by stimulating CREB-mediated expression of the 2017;595:2431-7. 2008;163:44-53.

214 Kosmider B, et al. Thorax March 2019 Vol 74 No 3

“ybBuAdoo Aq parosioid 1sanb Aq 20z ‘0T [dy uo ywoo fwg xeloyy/:diny woll papeojumoq ‘6T0Z Alenuer ZT Uo $29212-8T02-|ulxeloyy9sTT 0T Se paysiignd 1s11 :xeloy


http://dx.doi.org/10.1091/mbc.e13-08-0502
http://dx.doi.org/10.1126/scisignal.2005673
http://dx.doi.org/10.1038/cddis.2017.403
http://dx.doi.org/10.1038/cddis.2017.403
http://dx.doi.org/10.1113/JP273781
http://dx.doi.org/10.1186/cc2918
http://dx.doi.org/10.1186/s13054-017-1750-x
http://dx.doi.org/10.1016/j.resp.2008.06.019
http://thorax.bmj.com/

	Hypocapnia, mitochondria and surfactant secretion
	References


