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Lipopolysaccharide and the lung:

a story of love and hate
R. Bals

L
ipopolysaccharide (LPS) is a major component of the
outer membrane of Gram-negative bacteria. LPS is one
of the most potent microbial inducers of inflammation

and is responsible for many of the deleterious effects of
pulmonary infections. In contrast, surfaces of the body are
constantly exposed to small amounts of LPS. This interaction
appears to stimulate more beneficial, protective mechanisms.
Overall, the interactions between LPS and the body are
important; however, factors that determine the nature of this
response are not known.

LPS is a prototypical pathogen associated molecular pattern
(PAMP), a term that was introduced by JANEWAY and
MEDZHITOV [1], which describes structurally conserved mol-
ecules of microorganisms. PAMPs bind to receptors of the
innate immune system, consequently called pattern recogni-
tion receptors (PRRs). In 1996, the Drosophila protein Toll was
shown to be required for flies to mount an effective immune
response against the fungus Aspergillus fumigatus. In 1998, toll
like receptor (TLR)4 was positionally identified as the LPS
receptor and found to be required for mice to effectively
respond to Gram-negative bacteria. These findings have
guided the field of (innate) immunity over the last few years.
Thirteen mammalian TLR analogues have been identified
and functionally linked to various processes, ranging from
inflammation and infection, to arthrosclerosis and sterile
inflammation [2].

In the lung, TLR4 is expressed by several different cell types,
including professional host defence (dendritic cells, macro-
phages) and structural (endothelial and epithelial cells) cells.
Animal models and patient studies have proved that TLR4
contributes significantly to the response to inhaled LPS [3, 4]. It
is obvious that high levels of LPS initiate a host defence
reaction with subsequent activation of the adaptive immune
system. Interestingly, low levels of LPS also appear to
influence the biology of the lungs. The respiratory tract is
constantly exposed to LPS contained in cigarettes, bedcovers or
elsewhere. Epidemiological evidence suggests that the level of
inhaled LPS during early childhood determines susceptibility
to allergic airway disease [5]. The presence of bacterial PAMPs
such as LPS and its recognition by epithelial cells is important
for tissue homeostasis in the gastrointestinal tract [6]. LPS
obviously serves not only as an exogenous danger signal, but

also as a beneficial exogenous compound modulating pro-
cesses such as adaptive immunity or tissue repair.

Taken together, the interaction of LPS and the lung is
important and complex. Experimental information is needed
from a number of different levels. This issue of the European
Respiratory Journal contains two papers that characterise the
interaction of LPS and the lung. The first study addresses the
mechanisms that are involved in the pulmonary response to
LPS exposure. The study of EUTAMENE et al. [7] investigates the
role of the myosin light chain kinase (MLCK) in the response to
LPS applied to the respiratory tract. The authors engage a rat
animal model and further clarify cellular mechanisms using
tissue culture techniques. MLCK activity has mainly been
linked to the biology of the airway smooth muscle or
endothelial cells [8], but also to epithelial permeability [9].
The scientists use the specific MLCK inhibitor ML-7. The data
from the animal experiments show that ML-7 inhibits the
neutrophilic inflammation caused by LPS. In vitro, phosphory-
lation of MLCK after LPS exposure was inhibited by ML-7.
These data provide evidence that the regulation of tight
junctions in the lung is important for the inflammatory reaction
and the influx of inflammatory cells. For many diseases, such
as classical inflammatory diseases like asthma or COPD, this
issue hasn’t been addressed. It would be interesting to
establish whether classical recognition mechanisms or signal-
ling pathways are involved in the activation of MLCK. There is
evidence that besides the CD14–TLR4 complex other mem-
brane proteins could be involved in the recognition of LPS.

The second study applied a human model of LPS exposure.
There are only a small number of studies that have
investigated the response of healthy volunteers to exposure
with LPS. On the one hand, this type of study is very important
because it is the ultimate goal in the understanding of the
processes in the human lung. On the other hand, these studies
are difficult to interpret because they are necessarily limited in
the number of probands, and the effect of LPS certainly
depends on dose, age of the probands, route of administration,
duration of exposure and many other factors. The study of
ROOS-ENGSTRAND et al. [10] investigates the response of the lung
to exposure with inhaled LPS in healthy volunteers. The
authors analyse signalling cascades and focus on the airway
epithelium. They found a significantly increased expression of
p38 MAPKs, a signalling molecule with a central position in
inflammatory reactions. IL-8 and other cytokines did not show
a significant change. Based on the material obtained from
patients or probands, the methods applied for characterisation
are limited. The present study engages a sophisticated
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approach to investigate intracellular signalling. As many
signalling molecules are activated by phosphorylation or other
post-transcriptional modifications, the appropriate tools to
detect these changes have to be used. In the present study, the
authors use antibodies directed to the phosphorylated forms of
the signalling molecules and engage an elaborate approach of
quantification. Nevertheless, the methodology of morphologic-
al studies to address signalling processes is challenging.

Both studies provide important data from different levels in
the interaction between LPS and the lung. The complexity of
the interaction between LPS and the body is reflected by the
multitude of signalling pathways that have been described to
be activated by LPS. The TLR/interleukin-1 receptor pathway
is certainly one of the most prominent and is localised very
proximally. Downstream signalling involves mitogen-
activated protein kinases (MAPK), such as p38, described in
one of the studies in this issue. The MAPK pathways transduce
a large variety of external signals, leading to a wide range of
cellular responses, including growth, differentiation, inflam-
mation and apoptosis. Many questions have to be addressed to
further clarify the relationship between LPS and the lungs in
order to apply this knowledge in medicine.

1) What are the key cells that regulate the response to LPS? It is
obvious that airway and parenchymal epithelial cells con-
tribute significantly to the inflammatory response, but are they
alone capable of recognising LPS? Experimental evidence
suggests that macrophages are important in the initial
recognition of LPS and then trigger epithelial cells.

2) Is the application of LPS equivalent to exposure to other
PAMPs or even viable bacteria? The innate immune system is
equipped with many PRRs and is probably capable of
discriminating between different classes of microorganisms.

3) Is the dose and the timing (acute versus chronic) important?
Almost certainly, yes. It has also been shown that different
levels of LPS cause inhibition or stimulation of T-helper 2-
weighted responses [11].

4) Is the outcome of LPS exposure always detrimental or can it,
in some situations, be beneficial? It would be surprising if the
body was unable to somehow deal with small amounts of LPS.
This exposure was constantly present during the evolution of
Homo sapiens. The task is now to clarify whether this low level
exposure has a role in pulmonary diseases.

5) What are the mechanisms of LPS recognition? Is it all
based on TLRs or are other mechanisms involved?
Surprisingly, neither article apply the TLR concept to their
experimental set-up.

6) Can signalling pathways of the innate immune system or
certain components be targeted to protect against the harmful

consequences of LPS recognition, leaving host defence
mechanisms intact? A detailed understanding of the various
signalling pathways and their balance would be necessary [12].

The interaction between lipopolysaccharide and the lung is
important for health and disease. Many more data points have
to be filled in the matrix to further understand this complex
interaction.
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