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is thicker and is not vascularized, thus
resulting in a diffusion distance between
air and dermal capillaries that is too
great to serve as an efficient means of
O, uptake.

Finally, does dysregulation of cutane-
ous blood flow have any effect on body
temperature homeostasis? Remarkably,
mice lacking VHL in their keratinocytes
die from hypothermia when subjected to
cold stress due to a failure of cutaneous
vasoconstriction (R. Johnson et al., per-
sonal communication). Considering the
complex homeostatic mechanisms that
are subserved by the cutaneous vascu-

lature, the study by Boutin et al. elegantly
demonstrates that beauty is not the only
characteristic that is skin deep!
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Acute lung injury (ALI) is a leading cause of death in people infected with H5N1 avian influenza
virus or the SARS-coronavirus. Imai et al. (2008) now report that ALl is triggered by the signaling
of oxidized phospholipids through Toll-like receptor 4 (TLR4) and the adaptor protein TRIF. These
findings provide insight into the molecular pathogenesis of ALI, a condition for which treatment
options are currently very limited.

Acute lung injury (ALI) affects more than
200,000 people in the US each year, with
approximately 75,000 deaths, making it
an important cause of morbidity, mortal-
ity, and health care expenditure (Ruben-
feld et al., 2005). Bacterial and viral
infections are important risk factors for
ALI, but aspiration of gastric contents,
major trauma, and repeated transfusions
are additional risks. ALl is also a leading
cause of death in people infected with
H5N1 avian influenza virus or the coro-
navirus that causes SARS (severe acute
respiratory syndrome). In this issue, Imai
et al. (2008) report surprising insights
from murine studies that provide a new
perspective on the mechanisms contrib-
uting to ALI in humans.

The alveolar membrane of the lungs is
the largest surface area of the body that
is in continuous contact with the out-

side environment, and a complex set of
defenseshaveevolvedtoprotectitagainst
inhaled particulates and microbes. The
alveolar wall is a delicate structure, con-
sisting of a thin alveolar epithelial layer, a
basement membrane composed of col-
lagens, glycoproteins, and glycosamino-
glycans, and a thin endothelial cell layer.
Surfactant phospholipids and associ-
ated proteins lining the alveolar surface
are critical in reducing surface tension in
alveolar fluid, so that alveoli do not col-
lapse at low lung volumes. Cells called
type Il pneumocytes in the alveolar walls
produce surfactant and actively trans-
port sodium ions from the lumen to the
interstitium, facilitating passive water
movement from the alveoli to the inter-
stitium and lymphatics in order to keep
the airspaces dry. Acute damage to epi-
thelial or endothelial cells in the alveolar
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membrane causes the clinical syndrome
of ALI, in which the alveolar spaces fill
with proteinaceous exudates, producing
severe alterations in gas exchange, criti-
cal hypoxemia, and death in the absence
of aggressive medical care. The hallmark
findings of ALl include acute neutrophilic
inflammation and an array of proinflam-
matory cytokines in the lungs, suggest-
ing that activation of innate immunity
is an initial event, whether or not overt
infection is present. Activation of innate
immune pathways combined with the
physical stresses created by mechanical
ventilation cause a synergistic increase
in lung injury, but the mechanisms
underlying ALI are not clear (Dos Santos
and Slutsky, 2006).

In order to identify susceptibility fac-
tors for lung injury, Imai and colleagues
screened several strains of mice using a
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Figure 1. Oxidized Phospholipids and Acute
Lung Injury

The work of Imai et al. (2008) provides evidence
that acute lung injury involves oxidized phospho-
lipids acting through Toll-like receptor 4 (TLR4). In
this model, injury to the lungs through acid aspira-
tion or viral infection leads to activation of NADPH
oxidase (NADPH Ox) and production of reactive
oxygen species (ROS), which oxidize 1-palmitoyl-
2-arachidonoyl-phosphatidylcholine (PAPC, Ox-
PAPC). OxPAPC activates TLR4 expressed by my-
eloid cells (an alveolar macrophage is shown), and
the intracellular signal is transduced by the adap-
tor proteins TRIF and TRAF6, leading to interleu-
kin 6 (IL-6) production, inflammation, and alveolar
damage. PMN, polymorphonuclear leukocyte.

simple model of lung injury, intratracheal
instillation of 1.5 N hydrochloric acid
(HCI), which approximates severe gas-
tric acid aspiration. Surprisingly, mice
with an inactivating mutation in Toll-like
receptor 4 (TLR4) were protected from
lung injury in this noninfectious model.
TLR4 is the primary receptor for Gram-
negative bacterial lipopolysaccharide
(LPS) and also recognizes endogenous
stimuli termed “alarmins” at sites of
inflammation (Oppenheim et al., 2007).
In macrophages, TLR4 signals via two
different intracellular adaptor proteins,
MyD88 and TRIF (TIR-domain-containing
adaptor-inducing interferon-p), leading
to two distinct intracellular signaling pro-
grams (Beutler, 2004). The MyD88 path-
way causes rapid NF-xB activation and

cytokine production. The TRIF pathway
leads to the production of type | inter-
ferons via interferon regulatory factor 3
(IRF-3) and also causes delayed NF-xB
activation via activation of TNF receptor-
associated factor 6 (TRAF6) (Hoebe et
al., 2003; Sato et al., 2003). Surprisingly,
Imai and colleagues found that TRIF-de-
ficient mice and mice lacking TRAF6 in
myeloid cells were protected from HCI-
induced injury, whereas MyD88 knock-
out mice were not, suggesting that the
TRIF pathway, acting through TRAF®6, is
the major effector pathway in this non-
infectious model. They also showed that
TRIF-dependent lung injury is likely to be
mediated by production of interleukin 6
(IL-6), as IL-6-deficient mice were also
protected from injury.

The finding that the TLR4-TRIF path-
way mediated injury in the absence of an
infectious agent raised questions about
the identity of the stimulus for TLR4, and
the mechanism responsible for prefer-
ential activation of the TRIF pathway.
The lung lavage fluid of HCI-treated
mice contained oxidized phospholipids
(OxPLs) detected by immunocytochem-
istry. An anti-OxPL antibody significantly
reduced the proinflammatory activity of
lung lavage fluid on lung macrophages in
vitro. Intratracheal instillation of syntheti-
cally oxidized phospholipids caused lung
inflammation in normal and surfactant-
depleted mice, whereas mice lacking
TLR4 were protected. The monoclonal
antibody used to detect OxPL provided
a clue to the specific OxPL responsible
because it recognizes phospholipids
containing oxidized phosphatidylcholine
(e.g., 1-palmitoyl-2-arachidonoyl-phos-
phatidylcholine, OxPAPC). OXPAPC was
shown to stimulate IL-6 production from
lung macrophages via the TLR4-TRIF-
TRAF6 pathway in vitro, independently
of MyD88. These findings contrast
sharply with signaling initiated by LPS,
which occurs predominantly through
TLR4-MyD88. In the complex inflam-
matory response initiated by HCI in the
lungs, one might expect that TLR4 would
be activated by several different endog-
enous stimuli; however, mice lacking
TLR4, TRIF, or TRAF6 all resisted HCI-
as well as OxPAPC-induced inflamma-
tion, supporting a role for OXPAPC as an
important stimulus of TLR4 activation in
this model.
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Because patients infected with the
influenza virus or SARS-coronavirus
often develop severe lung injury, the
authors looked for OxPL in the lungs
of mice infected with an inactivated
H5N1 avian influenza virus. As in the
HCI injury model, immunohistochemi-
cal analysis identified OxPAPC in the
lungs, but mice lacking TLR4 or TRIF
had lung inflammation that was much
less severe. Mice lacking the Ncf1
protein, which lack an active NADPH
oxidase complex, were protected from
viral lung inflammation and did not
form OxPAPC in the airspaces, further
supporting a key role for oxidation of
phospholipids in the pathogenic path-
way. High levels of OxPAPC were also
detectable in the lungs of animals with
experimental pulmonary infections due
to Bacillus anthracis or Yersinia pestis,
suggesting that OxPL-mediated lung
injury is of more general significance.
The relevance of this new mechanism
for human lung injury was demon-
strated by the observation that signifi-
cant amounts of OxPAPC were present
inlung tissue samples from two patients
with lethal H5N1 avian influenza infec-
tion and nine patients with ALI follow-
ing SARS-coronavirus infection.

These experimental results have
surprising implications for understand-
ing the pathogenesis of ALI. A central
role of TLR4 in lung injury has been
suspected because LPS is present in
the lungs of many patients with ALI,
whether or not overt bacterial infection
is present (Martin et al., 1997). In addi-
tion, TLR4 is triggered by a number of
different endogenous alarmins likely to
be present in injured lungs (Oppenheim
et al., 2007). Similarly, the formation of
oxidized phospholipids in the lungs is
not surprising given the intensely oxi-
dative, neutrophil-rich environment
in the lungs of patients with ALI (Sit-
tipunt et al., 2001). However, the cen-
tral role of TLR4 in acid-induced injury,
the principal role of OxPL in triggering
TLR4 signaling, the predominant role
of the TRIF-TRAF6 signaling pathway
(Figure 1), and the general applicabil-
ity of the findings to important respira-
tory viral infections are all unexpected.
Paradoxically, the intravenous adminis-
tration of OXxPAPC protects mice from
LPS-induced lung injury by protecting
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the endothelial barrier, suggesting that
OxPAPC might have different effects
in the alveolar and intravascular com-
partments (Nonas et al., 2006). These
seemingly discrepant findings could
be reconciled in part if systemic chal-
lenge with OXPAPC directly (via TLR4)
or indirectly desensitizes the activation
of circulating leukocytes.

Given that the MyD88 pathway is
critical to the host response to bacte-
rial infections (Skerrett et al., 2007), the
results of Imai and colleagues suggest
that new strategies to modulate the
TRIF-TRAF6 pathway, while leaving the
MyD88 pathway largely intact, might be
beneficial in some forms of ALI. Although
the proximal event that creates the ini-
tial oxidative environment in the lungs
remains unclear, neutrophil recruitment
and activation are likely to be impor-
tant because of the neutrophil’s potent
respiratory burst and because of the
protection noted in Ncf1-deficient mice.
Likewise, the key molecular “switch”
that controls whether TRIF or MyD88 is
activated by TLR4 remains a key unan-
swered question.

Almost 41 years after the clinical
description of ALI, we have only one
treatment that definitely improves sur-
vival, and this involves reducing the vol-
ume of air applied to the lungs during
mechanical ventilation (Acute Respira-
tory Distress Syndrome Network, 2000).
The work of Imai and colleagues points
to potential molecular approaches that
could further improve outcomes for this
clinically important syndrome.
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In a study in this issue, Clyne and Miesenbdck (2008) apply an ingenious optogenetic technology
to activate neurons that generate male-specific courtship song in flies. This work sheds new light
on the neural circuitry underlying sexually dimorphic behaviors in Drosophila.

Courtship in the fruit fly Drosophila mel-
anogaster is largely the domain of the
male and consists of a series of intricate
behaviors designed to achieve success-
ful copulation. These behaviors include
following, tapping and licking the female,
and the extension of the male wing that is
closest to the female and its vibration to
generate male courtship song (reviewed

by Billeter et al., 2006a). These behaviors
depend on complex sensory and motor
neural circuitry acting on specific effec-
tor tissues such as the limbs, wings, pro-
boscis, and abdominal muscles of the
male. The action of the neurons involved
in these circuits can be related directly
to the behavior they modulate such as
courtship song production, which is crit-
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ical for copulatory success. This behav-
ioral output is robust and easily quanti-
fied, and so lends itself to structure/
function analyses.

The ability to perform these sex-
specific behaviors is dependent on the
existence of a sexually dimorphic ner-
vous system. Differences, both in neu-
ronal numbers and projection patterns,



