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BACKGROUND

Acute lung injury (ALI) is the term used to describe the pulmonary response to a broad
range of injuries occurring either directly to the lung or as the consequence of injury or inflam-
mation at other sites in the body. ALI is characterized by widespread inflammatory changes
throughout the lung. It is very common among patients in the ICU, and is associated with sig-
nificant mortality. Mechanical ventilation is an important lifesaving tool in the management of
these patients. As any therapy, mechanical ventilation has side effects and may result in venti-
lator-induced lung injury (VILI). Several experimental and clinical studies lead to our current
understanding that the deleterious effects of mechanical ventilation are mediated by localized
inflammation and systemic release of inflammatory cytokines. 

The ventilatory parameters that are currently considered as the main determinants of
VILI include the Tidal Volume (the amount of air delivered by the ventilator in each breath)
and the Positive End Expiratory Pressure (PEEP). High tidal volume ventilation induces lung
inflammation and injury as increased shear forces are applied on the alveoli, while PEEP is pro-
tective as it prevents the injurious cyclic opening and closing of the alveoli. The effect of venti-
latory rate has not been clearly elucidated, and specific guidelines in clinical practice are lack-
ing. Some experimental studies suggest that low respiratory rate may be protective in high tidal
volume induced VILI, but several limitations exist.A reduction of either tidal volume or respi-
ratory rate in mechanical ventilation will inevitably lead to hypercapnia. This ventilatory strat-
egy, used as a mean to ameliorate VILI, is called “permissive hypercapnia”. The effects of hyper-
capnia on lung injury are not known and the safety of hypercapnia during mechanical ventila-
tion has not been established. Nonetheless, there are several experimental studies showing that
hypercapnia may indeed be beneficial in ALI and VILI. The mechanisms underlying the protec-
tive effects of hypercapnia are poorly understood, but some studies have shown that hypercap-
nia has immunomodulatory properties.  

Apart from defining the ventilatory strategies that contribute to VILI, understanding the
pathogenetic mechanisms of VILI is crucial in our therapeutic approach of patients with ALI.
Mechanical ventilation may lead to lung inflammation and injury through several mechanisms,
other than direct mechanical cell injury, that have not been clearly elucidated. The recognition
and modulation of signalling pathways involved in the development of VILI may provide novel
therapeutic targets.  

RESEARCH

Our laboratory is associated with the department of Intensive Care Medicine of the
University Hospital of Heraklion. The researchers and students work under the direct supervi-
sion of Professor Dimitris Georgopoulos. The goal of our research is to investigate the patho-
genesis and mechanisms of VILI. Studies are conducted mainly in a mouse model of VILI that
has been developed. Future studies will be performed in rabbits in an isolated lung model as
well as in patients in the ICU.
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1. Effect of Ventilatory Rate on the development of VILI.
Our previous studies confirmed that the ventilatory rate significantly contributes to the

development of VILI in a mouse model of normal lungs and at normal levels of arterial PaCO2.
Current studies evaluate the effect of ventilatory rate under hypercapnic conditions as well as
in previously injured lungs. Studies are conducted in mouse models of VILI and acute lung
injury. To evaluate VILI we measure: a. lung mechanics (pressure-volume curves), b. markers
of inflammation in the lung, the bronchoalveolar lavage and the serum and c. distal organ
apoptosis (lungs, heart, kidneys, brain, and intestine) 

2. Mechanisms of hypercapnia-induced immunosuppression
Hypercapnia is known to induce downregulation of macrophage response to LPS. Current

studies determine the role of the negative regulator of TLR signaling, the inactive IRAK isoform
IRAK-M on the development of hypercapnia induced immunosupression. These studies are
being conducted in cell culture using macrophage cell lines, primary alveolar macrophages cells
isolated by wild type and IRAK-M-/- mice, as well as human primary alveolar macrophages. 

3. Role of IRAK-M mediated macrophage tolerance on the development of
VILI

Alveolar macrophages are well recognised as major contributors of lung inflammation in
VILI. Macrophage tolerance is a key mechanism by which the immune system regulates the
inflammatory response. The development of macrophage tolerance as a result of mechanical
ventilation-induced inflammation has not been investigated. We are investigating the role of
macrophage tolerance associated with IRAK-M on the development of VILI. To this end a
mouse model of VILI will be used, under conditions of both normal PaCO2 and hypercapnia,
in the presence of TLR-4 ligands (LPS-induced acute lung injury). The effect of IRAK-M will be
evaluated using wild-type and IRAK-M deficient mice. 

4. The role of TPL-2 kinase in the development of VILI
The MAPK kinase ERK1/2 is a key mediator in mechanical stretch-induced cytokine

release and TPL-2 kinase is known to modulate ERK1/2 activation. We are determinig the role
of TPL-2 kinase on VILI and the possible protective effect against the development of VILI by
blocking TPL-2. To this end we will utilize TPL-2 deficient mice and administration of TPL-2
inhibitors in our mouse model of VILI. 
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