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EDITORIAL

Hypoxia-driven mechanisms in lung biology
and disease: a new review series of the ERS

Lung Science Conference

N. Weissmann

ith the evolution of photosynthesis, organisms had to
W cope with a dramatic change in their environment:

the presence of oxygen. Despite the initial toxicity of
this gas, the presence of molecular oxygen offered a more
effective means of energy metabolism. As a result, humans and
animals require oxygen to survive and a shortage of oxygen,
hypoxia, can evoke life-threatening conditions. To maintain an
optimal oxygen level and thus, energy supply for the body, the
lung is the first-line organ functioning as an interface between
the body and the environment.

Both acute as well as chronic lung failure may lead to arterial
hypoxaemia with subsequent cellular damage, organ failure
and death. Hypoxia, however, not only affects the systemic
circulation but also has widespread consequences for the lung
itself.

Understanding the effects of hypoxia in the lung and the
systemic circulation is thus pivotal to the development of new
strategies to treat diseases associated with, or caused by,
hypoxia.

The lung has developed a specialised architecture to optimise
gas exchange and thus, the uptake of oxygen from the alveoli
into the blood. A large surface and a thin diffusion barrier
between the airspace and the blood are the structural
prerequisites for efficient and rapid oxygen uptake [1]. But
physiology is just as important. As the partial pressure of
oxygen varies between different regions of the lung, even in
healthy subjects but especially in patients with lung diseases,
pulmonary blood flow and alveolar ventilation have to be
matched. The regulatory process achieving this adaptation is
known as hypoxic pulmonary vasoconstriction (HPV) or the
von Euler-Liljestrand mechanism. A disturbance in HPV, as
may occur in pneumonia, adult respiratory distress syndrome
or liver failure, can cause life-threatening disturbances to
oxygen uptake into the blood [2, 3]. However, the molecular
mechanisms of this important regulatory process are still not
fully resolved [4]. Although recent advances in the field have
identified key components of this pathway, we still do not
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know the exact oxygen-sensing process underlying HPV.
Reactive oxygen species (ROS) have been suggested to play
an important role as mediators of this response. However,
considerable controversy remains concerning the regulation of
ROS generation in hypoxia, and future studies still have to
address whether interference with ROS can be used therapeu-
tically [5-7]. Recently, some advances have been made with
regard to the involvement of membrane ion channels in the
downstream mechanism of HPV [8, 9].

In generalised alveolar hypoxia, HPV becomes meaningless for
the optimisation of blood flow but results in a general increase
in pulmonary vascular resistance. If such conditions become
chronic, in addition to the vasoconstrictor process, a vascular
remodelling process causing thickening of the pre-capillary
vascular wall occurs, resulting in pulmonary hypertension.
Hypoxia-induced pulmonary hypertension not only occurs
upon exposure to high altitude but can also be associated with
a variety of pulmonary diseases, which are characterised by
chronic alveolar hypoxia. Similar to the mechanisms of acute
HPV, the details of the molecular steps of this remodelling
process, which range from oxygen sensing to cell proliferation,
are not yet fully understood. A major advance has been the
identification of the hypoxia-inducible transcription factor
(HIF) family. The HIF family members are attractive targets
for interference with the effects of hypoxia in the lung, not only
with regard to hypoxia-induced pulmonary hypertension but
also with regard to tumour growth, which involves HIF-
dependent target genes [10, 11]. However, detailed studies
concerning the complex molecular biology of HIF regulation
are still required to allow translation for use in the treatment of
hypoxia-associated lung diseases.

Another possible consequence of alveolar hypoxia is the
development of pulmonary oedema, a phenomenon known
as high-altitude pulmonary oedema (HAPE). While the
mechanisms leading to HAPE are yet to be resolved, the
development of HAPE has been associated with disturbances
in HPV and haemodynamics, inflammatory responses, and the
effects of hypoxia on alveolar epithelial fluid transport. In the
case of the latter, the effects of hypoxia are of major importance
for alveolar fluid clearance in different types of alveolar
oedema; for example, those associated with acute respiratory
distress syndrome (ARDS) or pneumonia. Accordingly, a
better understanding of the mechanisms regulating cellular
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adaptation to hypoxia may lead to the development of novel
therapeutic strategies for treatment of ARDS and HAPE [12].

As well as the structural and physiological properties of the
lung, the regulation of ventilation is a key feature to assure
optimal oxygenation and avoid hypoxaemia. One aspect of
disturbance to this system is the effect of nocturnal ventilatory
abnormalities, which may lead to systemic hypertension.
Again, our knowledge of the underlying pathways of this
pathophysiological cascade is still limited [13].

A variety of questions emerge from these examples of the
effects and consequences of hypoxia in the lung and the body,
as follows.

How is oxygen sensed in acute and chronic hypoxia in the lung
and body? What are the molecular mechanisms of HPV? What
are the molecular steps in hypoxia-induced pulmonary
vascular remodelling? How can interference with the hypoxia-
inducible factor be utilised to target lung diseases? What is the
impact of hypoxia-dependent ROS-signalling on the acute and
chronic vascular responses in the lung? What is the molecular
link between hypoxia and pulmonary oedema? What links
intermittent hypoxia to the development of systemic arterial
hypertension? Answers to these question may provide a basis
for the development of new strategies for the treatment of lung
diseases, ranging from disturbances in gas exchange in the
critically ill patient to, for example, the systemic effects of sleep
apnoea and (lung) tumour growth.

Against this background, the European Respiratory Society
covered the various aspects of hypoxia-driven mechanisms in
the lung, from basic research to translational medicine, during
their fourth and fifth Lung Science Conferences (which took
place in 2006 and 2007, respectively). These Conferences took
place in Taormina, Sicily, in an atmosphere that stimulated
discussion between basic scientists, clinicians, experts in the
field and young scientists. The translational approach of these
Conferences facilitated the identification of those aspects of
research that will prospectively have great impact on therapy
of lung diseases in the future. To bring the key aspects of the
Conferences to a larger audience, the European Respiratory
Journal will present a new series on the different facets of the
effects of hypoxia in humans, written by international experts
in the field. The articles in this series will address recent
advances with regard to the previously discussed key
questions.

The series starts with an introduction to “The biology of
oxygen” by WAGNER [14], followed by an article by ZHOU et al.
[15] on the “Regulation of alveolar epithelial function by
hypoxia”. WAGNER [14] focuses on the complexity of the
biology of oxygen, on oxygen transport and on the patho-
physiology associated with a lack of oxygen, allowing easy
access to this complex field of physiology and pathobiology.
ZHOU et al. [15] then summarise current knowledge about the
impact of hypoxia on alveolar epithelial cells, with an outlook
on therapeutic implications in their detailed overview.

In future issues, the mechanisms of oxygen sensing, the
molecular aspects of the regulation of hypoxia-inducible
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transcription, as well as sleep apnoea and hypoxic pulmonary
vasoconstriction will be addressed in the series, which will
provide a broad overview, spanning the multiple aspects of
hypoxia in humans. The recent advances in the field of
hypoxia-driven mechanisms in lung biology and disease will
offer a variety of new options for the development of new
strategies for the treatment of diverse lung diseases, thus
helping us cope with the lack of oxygen.
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