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ABSTRACT

Background: Pulmonary toll-like receptor 4 (TLR4) expression is increased in ventilated 
rodents and TLR4 deficiency attenuates murine ventilator-induced lung injury (VILI). We 
investigated the potential of Eritoran, a pharmacological TLR4 inhibitor, in murine VILI 
and TLR4 expression in ventilated patients.
Methods: TLR4 gene expression in lung brush and lavage cells obtained from ventilated 
patients was studied. In addition, mice were pre-treated intravenously with Eritoran 
(5mg/kg) or vehicle at start of 5 hours of ventilation with either lower tidal volumes 
(7ml/kg) and 3 cmH2O of positive-end expiratory pressure (PEEP) or higher tidal volumes 
(15ml/kg) and zero PEEP. Spontaneously breathing mice served as controls.
Results: In ventilated patients an increased TLR4 gene expression levels was observed. 
In mice, mechanical ventilation increased total protein levels and neutrophil influx in 
bronchoalveolar lavage fluid, relative lung weights were higher in mice ventilated with 
the injurious strategy. Cytokine and chemokine levels were elevated in lung and plasma, 
with higher levels in the injurious ventilation group. Eritoran attenuated neutrophil 
influx of mice ventilated with the injurious strategy. Other VILI endpoints were not af-
fected by treatment.
Conclusions: Pulmonary TLR4 gene expression in patients is enhanced after 5 hours of 
mechanical ventilation. Intravenous Eritoran reduced neutrophil recruitment in murine 
VILI.
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INTRODUCTION

Mechanical ventilation (MV) is a lifesaving supportive therapy in the management of pa-
tients with acute respiratory failure. However, it is well known that MV itself can induce 
or aggravate lung injury, termed ventilator-induced lung injury (VILI) [1-4]. Overstretch-
ing and repetitive opening and collapsing of alveoli (atelectrauma) are important con-
tributing factors in the development of this iatrogenic inflammatory condition which is 
characterized by alveolar-capillary barrier dysfunction, neutrophil influx, and increases 
in inflammatory mediators [3]. However, the underlying molecular mechanisms are 
incompletely understood. Over the last decade it has become clear that MV can activate 
an innate immune response [5].

Toll-like receptors (TLRs) are pattern recognition receptors and play a key role in in-
nate immunity [6]. They recognize intruding pathogens and initiate an inflammatory 
response necessary to combat infection. TLRs are also activated by endogenous danger 
molecules, which are released during (sterile) tissue injury and inflammation [6]. These 
so-called damage-associated molecular patterns can accumulate during VILI [7]. It has 
been demonstrated in rodents that MV itself can increase the pulmonary expression of 
one of the most studied TLR family member, TLR4 [8-10]. Using TLR4 deficient mice it 
was demonstrated that TLR4 signaling is an important pathway in the development of 
VILI [8;11;12]. TLR4 activation can contribute to inflammation by initiating the produc-
tion of inflammatory cytokines and chemokines, and mediating neutrophil recruitment 
[6;11;13].

Eritoran tetrasodium salt [Eisai Research Institute of Boston, Inc, Andover, Mass] is a 
structural analog of the lipid A portion of lipopolysaccharide (LPS) that inhibits TLR4 
activation by binding MD2, a critical co-receptor of TLR4 [14]. It thereby prevents TLR4 
dimerization and intracellular signaling. In vitro and in vivo experiments demonstrated 
that it is a potent blocker of LPS-induced cytokine release and LPS or bacterial-induced 
lethality in primed mice [15]. Sterile in vivo inflammation models demonstrated that 
Eritoran is also able to reduce TLR4 dependent inflammation that is not triggered by 
the classical TLR4 agonist LPS [16-18]. In these rodent studies intravenous administra-
tion of Eritoran protected against kidney and cardiac ischemia-reperfusion injury and 
D-galactosamine induced severe liver injury. Of interest, in a phase II trial in patients 
with sepsis intravenous Eritoran treatment was safe and well tolerated [19]. Since 
studies reported enhanced TLR4 expression in lung tissue homogenates of ventilated 
rodents [8-10], we decided to determine the pulmonary response towards mechanical 
ventilation in patients by analyzing TLR4 expression levels in bronchial brush samples 
and cells obtained from bronchoalveolar lavages. In addition, we studied the effects of 
pharmacological TLR4 inhibition with intravenous Eritoran in a clinically relevant mouse 
model of VILI. We here demonstrate in ventilated patients increased pulmonary TLR4 
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gene expression levels. In mice, intravenous Eritoran reduced MV-induced neutrophil 
recruitment without affecting other parameters of VILI.

MATERIALS AND METHODS

Patients

This is a secondary analysis of bronchial brush and bronchoalveolar lavage fluid (BALF) 
cells obtained during a previous randomized controlled trial in which patients without 
pre-existing lung injury were mechanically ventilated [20]. The medical Ethics Commit-
tee of the Academic Medical Center, Amsterdam, the Netherlands approved the study 
protocol and informed consent was obtained from the patients before entry in the study. 
Patients were eligible for this study if scheduled for elective surgery with an estimated 
duration of 5 hours or longer. Patients with severe lung disease: chronic obstructive pul-
monary disease requiring medication, pneumonia, acute lung injury/acute respiratory 
distress syndrome, lung fibrosis, pulmonary thromboembolism, previous pneumectomy 
or lobectomy, were excluded.

Study design

The study protocol was described in detail previously [20]. In short, patients received 
routine anesthesia according to local protocol, which included: intravenous propofol 
(2-3 mg/kg, thereafter 6-12 mg/kg/h), fentanyl (2-3 μg/kg, thereafter as required), and 
rocuronium (as required). Bupivacaine (0.125%)- fentanyl (2.5 μg/ml) was administered 
epidurally. The ventilatory protocol consisted for all patients of volume-controlled ven-
tilation with an inspired oxygen fraction of 0.40, an inspiratory to expiratory ratio of 1:2, 
and a respiratory rate adjusted to achieve normocapnia. Patients were randomized to 
MV with a tidal volume (VT) of 12 ml/kg predicted body weight and zero positive end-
expiratory pressure (PEEP) (ZEEP) or to a MV strategy with a VT of 6 ml/kg predicted body 
weight and 10 cmH2O PEEP. The bronchoscopic procedure was used to collect BALF and 
bronchial brushes (to obtain epithelial cells). This procedure was performed twice on all 
patients: the first directly at start of MV in the right middle lobe or lingula, the second 5 
hours thereafter in the contralateral lung either peri-operatively or directly postopera-
tively. Brushes were placed into RNAlater (Ambion, Austin, TX). The brush was removed 
after thorough vortexing during several minutes. BALF was obtained and processed as 
described previously [20]. BALF cells were resuspended in ice-cold phosphate-buffered 
saline. These cells were partially used for absolute cell counts and for Giemsa-stained cy-
tospin preparations for differential counting. Remaining cells were dissolved in RNAlater 
and stored at -80˚C until further analysis. Lung brush samples and BALF cells were used 
to determine TLR4 messenger ribonucleic acid (mRNA) levels relative to the housekeep-
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ing gene hypoxanthine-guanine phosphoribosyl transferase (HPRT). Analysis included 
samples in which paired measurement of both time points was possible. Data from both 
ventilation strategies were combined.

mRNA expression analysis

RNA was isolated using the RNeasy mini kit system (Qiagen, Valencia, CA) according to 
manufacturer’s protocol and reverse transcribed using oligo dT (Invitrogen) and Moloney 
murine leukemia virus reverse transcriptase (Invitrogen). Quantitative polymerase chain 
reactions were performed using LightCycler SYBR Green 1 master mix (Roche, Mijdrecht, 
the Netherlands) and analyzed in a LightCycler 480 (Roche) apparatus using the follow-
ing conditions: 5 min 95˚C hot-start, followed by 40 cycles of amplification (95˚C for 10 
seconds, 60˚C for 5 seconds, and 72˚C for 15 seconds). Standard curves for quantifications 
were constructed by polymerase chain reactions on serial dilutions of a concentrated 
complementary DNA sample. Light Cycler software was used for analysis of the data. 
The following human primer sequences were used: TLR4 forward primer 5’-gagcacttg-
gacctttccag-3’ and reverse primer 5’-ccagaaccaaacgatggact-3’and HPRT forward primer: 
5’-tgctgacctgctggattaca-3’ and reverse primer: 5’- cctgaccaaggaaagcaaag -3’.

Mice

The Animal Care and Use Committee of the Academic Medical Center approved the 
study. Animal procedures were carried out in compliance with Institutional Standards 
for Human Care and Use of Laboratory Animals. Nine-week-old male C57BL/6 mice 
were purchased from Charles River (Maastricht, The Netherlands) and maintained at the 
animal care facility of the Academic Medical Center according to institutional guidelines.

Eritoran treatment and experimental groups

At the day of the experiment, mice were randomized between 2 different MV-strategies 
and received 5mg/kg Eritoran or vehicle intravenously at start of MV (n=9 per group). 
Doses were based on previous animal studies demonstrating its efficacy in reducing 
cardiac or renal ischemia/reperfusion injury [17;18]. Spontaneously breathing non-
ventilated mice served as controls. After 5 hours, mice were sacrificed by withdrawing 
blood from the carotid artery, which was used for blood gas analysis and cytokine 
measurements. Lungs were used for wet weight measurements, BALF, and lung tissue 
homogenates.

Instrumentation, mechanical ventilation, and monitoring

A tracheotomy was performed under general anesthesia with an intraperitoneal injection 
of KMA “induction”–mix: 75 μl per gram of body weight of 1.26 ml 100 mg/ml ketamine, 
0.2 ml 1 mg/ml medetomidine, and 1 ml 0.5 mg/ml atropine in 5 ml normal saline. Then 
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a Y–tube connector was inserted and connected to a mechanical ventilator (Babylog 
8000 plus, Dräger Medical, Lubeck, Germany). Animals were pressure-controlled ven-
tilated, with a fractional inspired oxygen concentration of 0.4 and an inspiration-to-
expiration ratio of 1:3. Tidal volumes were measured each inspiration-expiration cycle by 
a pneumotachograph (HSE–Harvard Apparatus, March–Hugstetten, Germany) allowing 
continues regulation of tidal volume by adjusting positive inspiratory pressure. Mice 
were exposed to low tidal volume (LVT) MV with 7 ml/kg and 3 cmH2O PEEP or to an 
injurious strategy with high tidal volumes (HVT) of 15 ml/kg and ZEEP. Respiratory rate 
was set at 160 or 50 breaths per minute respectively. Maintenance anesthesia during 
MV consisted of 1 μl per gram body weight of KMA “maintenance”-mix: 0.72 ml 100 mg/
ml ketamine, 0.08 ml 1 mg/ml medetomidine, and 0.3 ml 0.5 mg/ml atropine in 20 ml 
normal saline. Maintenance mix was administered via an intraperitoneal catheter (PE 10 
tubing, BD, Breda, the Netherlands) hourly, every 30 minutes 0.2 ml sodium bicarbonate 
(200 mmol/l NaHCO3) was administered via the same intraperitoneal catheter to prevent 
metabolic acidosis. Throughout the experiment rectal temperature was maintained 
between 36.5-37.5˚C using a warming pad.

Sampling

BALF was harvested from the right lung by instilling 3 times 0.5 ml saline. Cell counts 
were determined using a Coulter cell counter (Beckman Coulter, Fullerton, CA), differ-
ential cell counts were performed on cytospin preparations stained with Giemsa stain. 
After centrifugation, supernatant was stored at -80˚ C until further analysis. The left lung 
was weighed immediately after harvesting and lung/body weight ratio, a measure of 
lung edema, was calculated. Thereafter, left lungs were homogenized in 4 volumes of sa-
line and lysed in 1 volume of lysis buffer (300mM NaCl, 30mM Tris, 2mM MgCl.H2O, 2mM 
CaCl2, 1% Triton X-100, and Pepstatin A, leupeptin and aprotinin pH 7.4). Homogenates 
were incubated at 4ºC for 20 minutes and then spun, cell free supernatants were stored 
at -80ºC until cytokine and chemokine measurements.

Assays

Total protein levels in BALF were determined using a Bradford Protein Assay Kit (OZ 
Biosciences, Marseille, France) with a detection limit of 50μg/ml. Interleukin-6 (IL-6), 
IL-1β, macrophage inflammatory protein (MIP)-2, keratinocyte-derived chemokine 
(KC), and tumor necrosis factor-α (TNF-α) levels were measured by enzyme-linked im-
munosorbent assay (R&D Systems Inc., Minneapolis, MN) according to manufacturers’ 
instructions.
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Statistical analysis

Statistical analysis was done using GraphPad Prism version 5.0 (GraphPad Software, San 
Diego, CA, USA). Data are expressed as mean ± SEM. For paired human mRNA sample 
comparisons we used the Wilcoxon signed-rank test. Comparisons between multiple 
groups were done using analysis of variance followed by Bonferroni or a Kruskal-Wallis 
followed by Mann-Whitney, depending on data distribution. P < 0.05 was considered 
statistically significant.

RESULTS

MV in patients is associated with increased TLR4 mRNA expression levels

Patient characteristics and perioperative parameters were described in detail previously 
[20]. In the bronchial brush we observed increased TLR4 mRNA levels after 5 hours of 
MV compared to basal levels (n = 20 pairs) regardless of ventilation strategy (fig 1A). No 
significant differences were found in separate analysis of the two ventilation strategies.

More than 99 percent of the cells obtained from BALF before and after 5 hours of MV 
were macrophages. TLR4 mRNA levels in these cells were also significantly upregulated 
after 5 hours of MV (n = 35 pairs) (fig 1B). Sub-analysis of the BALF samples revealed 
that only the ventilation strategy with higher VT and no PEEP induced significant TLR4 
mRNA upregulation in these cells (data not shown) These data indicate that in addition 
to rodents, pulmonary TLR4 expression levels are also elevated in ventilated patients.
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Figure 1. Pulmonary TLR4 mRNA levels
Relative mRNA expression levels of TLR4 in human bronchial brush samples (A) (n = 20 pairs) and bronchoalveolar 
lavage (BALF) cells (n = 35 pairs) (B). Brush samples and BALF cells were obtained respectively at baseline and 
after 5 hours of mechanical ventilation (MV). Gene expression was normalized to the housekeeping gene HPRT. 
Data represent mean (SEM), *p<0.05.
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Lung injury and neutrophil influx in mice

All animals survived the 5 hours of MV after which they were sacrificed. Blood gas 
analysis demonstrated adequate gas exchange with no differences between Eritoran 
and vehicle-treated mice (table 1).

To study the effect of Eritoran in VILI, we measured several indices of lung injury and 
inflammation. Injurious MV resulted in lung edema demonstrated by increased relative 
lung weights in vehicle-treated mice as compared to controls (fig. 2). In line, total protein 
levels in BALF, an important measure of alveolar-capillary barrier function, were also 
enhanced in the HVT/ZEEP group. LVT/PEEP MV also increased total protein levels, al-
though to a lesser extent. When comparing vehicle with Eritoran-treated mice, we found 
no effect on these indices of lung injury.

Table 1. Blood gas analysis

pH PaO2 mmHg PaCO2 mmHg HCO3
− BE

LVT/PEEP Vehicle 7.44 [0.04] 190.7 [9.08] 34.8 [4.13] 25.4 [1.21] -0.92 [0.55]

Eritoran 7.41 [0.02] 184.8 [11.3] 36.8 [1.20] 24.6 [1.51] -1.10 [0.90]

HVT/ZEEP Vehicle 7.48 [0.02] 158.9 [14.4] 34.7 [2.70] 24.6 [1.01] 1.53 [0.69]

Eritoran 7.47 [0.02] 165.9 [17.8] 36.2 [2.25] 25.4 [0.76] 2.17 [0.62]

Blood gas analysis of ventilated Eritoran (5mg/kg) or vehicle-treated mice. Animals were ventilated for 5 hours 
with 2 different ventilation strategies: a relatively low tidal volume (LVT, 7ml/kg) combined with 3 cmH2O posi-
tive end expiratory pressure (PEEP), or high tidal volume (HVT, 15ml/kg) combined with zero PEEP (ZEEP). Data 
represent mean ± [SEM] of n=9 for the HVT/ZEEP group and n=5 for LVT/PEEP group. (PaO2 = partial pressure of 
arterial oxygen; PaCO2 = partial pressure of arterial carbon dioxide; HCO3

− = bicarbonate in mmol/l; BE = base 
excess in mmol/l).
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Figure 2. Lung injury parameters in Eritoran (5mg/kg) or vehicle treated mice
Relative lung weights (A), total protein levels in bronchoalveolar lavage fluid (BALF) (B) and number of neutro-
phils in BALF (C) in Eritoran (5mg/kg) or vehicle-treated mice. Animals were ventilated for 5 hours with 2 different 
ventilation strategies: relatively low tidal volumes (LVT, 7ml/kg) combined with 3 cm H2O positive end expira-
tory pressure (PEEP), or high tidal volume (HVT, 15ml/kg) combined with zero positive end expiratory pressure 
(ZEEP) (n=7-9 mice/group). Non-ventilated mice served as controls (C) (n=4-5 mice/group). Data represent mean 
± [SEM], **p<0.01, *p<0.05.
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Neutrophil recruitment into the alveolar compartment is another important hallmark 
of VILI. Both ventilation strategies elevated neutrophil counts in BALF, with higher levels 
in HVT/ZEEP ventilated mice. Neutrophil influx was similar in vehicle and Eritoran-treated 
mice of the LVT/PEEP group. However, the aggravation in neutrophil influx induced by 
the injurious strategy was prevented by Eritoran pre-treatment: HVT/ZEEP ventilated, 
Eritoran-treated animals had reduced neutrophil counts in BALF as compared to vehicle 
HVT/ZEEP ventilated animals.

Pulmonary inflammatory response

To further analyze the effect of Eritoran treatment on the pulmonary inflammatory 
response induced by MV, we measured several cytokines and chemokines important 
in VILI. Vehicle treated HVT/ZEEP ventilated mice demonstrated increased pulmonary 
levels of IL-6, IL-1β, KC, and MIP-2 as compared to non-ventilated controls (fig. 3). The 
LVT/PEEP strategy did not affect IL-6, KC, and MIP-2 concentrations but pulmonary IL-
1β levels were elevated as compared to controls. For these cytokines and chemokines, 
there was also a difference between the LVT/PEEP and HVT/ZEEP groups, with higher 
concentrations in the injurious strategy. TNF-α concentrations were not affected by MV. 
Eritoran treatment did not reduce pulmonary cytokine and chemokine levels during 
both ventilation strategies.
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Figure 3. Pulmonary cytokine and chemokine levels in eritoran (5mg/kg) or vehicle treated mice
Animals were ventilated for 5 hours with 2 different ventilation strategies: a relatively low tidal volume (LVT, 7ml/
kg) combined with 3 cm H2O positive end expiratory pressure (PEEP), or high tidal volume (HVT, 15ml/kg) com-
bined with zero positive end expiratory pressure (ZEEP) (n=8-9 mice/group). Non-ventilated mice served as con-
trols (C) (n=4-5 mice/group). Data represent mean ± [SEM], ***p<0.001, **p<0.01.
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Systemic inflammatory response

Both MV strategies elevated systemic levels of IL-6 and KC (fig. 4). Levels tended to be 
higher in the HVT/ZEEP group compared to LVT/PEEP ventilated mice, reaching signifi-
cance for KC levels. In line with the results in lung tissue homogenates, treatment with 
Eritoran did not attenuate the systemic IL-6 or KC levels.

DISCUSSION

This study is the first to reveal upregulation of pulmonary TLR4 gene expression levels in 
ventilated patients. Eritoran treatment in mice solely reduced neutrophil infiltration into 
the alveolar compartment in the injurious ventilation group but it did not affect other 
markers of VILI.

Several animal experiments have demonstrated that MV can modulate innate im-
munity [8-12]. MV upregulates the expression of pattern recognition receptors such as 
TLRs and the NLRP3 inflammasome [8;10;21] and more downstream, the activation of 
nuclear factor-κB was demonstrated [10]. These results are of interest since they may 
offer new therapeutic targets to reduce VILI. To make these experimental findings clini-
cally relevant we need to study the MV-induced pulmonary innate immune response in 
patients. We here demonstrate TLR4 upregulation in BALF cells and lung brush samples 
obtained from patients after 5 hours of MV during elective surgery.
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Figure 4. IL-6 and KC levels in Eritoran (5mg/kg) or vehicle-treated mice
Animals were ventilated for 5 hours with 2 different ventilation strategies: a relatively low tidal volume (LVT, 7ml/
kg) combined with 3 cm H2O positive end expiratory pressure (PEEP), or high tidal volume (HVT, 15ml/kg) com-
bined with zero positive end expiratory pressure (ZEEP) (n=7-9 mice/group). Non-ventilated mice served as con-
trols (C) (n=4-5 mice/group). Data represent mean ± [SEM], **p<0.01, *p<0.05.
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The acute respiratory distress syndrome (ARDS) is characterized by severe lung inflam-
mation and increased alveolar-capillary membrane permeability and is an important 
cause of morbidity and mortality in the intensive care unit [22]. ARDS is a heterogeneous 
disease with some lung compartments collapsed and non-aerated, placing less injured 
lung areas of these ventilated patients at risk for hyperinflation [23]. VILI can therefore be 
considered to be a regional phenomenon. In line, computed tomography demonstrated 
that one-third of ARDS patients are still exposed to VILI despite the use of protective 
ventilator settings [23]. Since information on the effect of LVT/PEEP and HVT/ZEEP ven-
tilation is clinically relevant we chose to ventilate with both settings in our MV model.

Recently Eritoran was tested in a phase 3 trial for patients with severe sepsis [24]. This 
study reported that Eritoran did not reduce 28-day mortality compared with placebo, in-
dicating that Eritoran joins a long list of drugs that were developed for use in sepsis but 
failed to improve outcome [24]. Whether Eritoran is more effective in localized models of 
inflammation is currently an active area of research. We observed a reduced neutrophil 
influx after Eritoran treatment, which is in part, in line with previous animal studies ap-
plying Eritoran in different pulmonary inflammatory models. First, it reduced lung tissue 
myeloperoxidase activity in a 2-hit lung injury model of endotoxin combined with oleic 
acid [25]. Intratracheal Eritoran treatment resulted in diminished airspace neutrophilia, 
BALF IL-6 levels, and it reduced peribronchial inflammation in a chronic airway inflam-
mation model induced by daily LPS exposure [26].

Neutrophils play a central role in VILI and one of the first studies suggesting that MV 
can induce an inflammatory response used neutrophil depleted animals demonstrating 
a significantly reduced degree of VILI [27]. Several inflammatory mechanisms may influ-
ence neutrophil influx. Our data demonstrate that BALF levels of the chemokines KC and 
MIP-2 were comparable in both treatment groups indicating that the lower amounts of 
neutrophils was not due to a local difference in chemotactic mediator concentrations. A 
possible other explanation can be found in the importance of TLR4 in the recruitment of 
neutrophils into the lung [13]. Pulmonary neutrophil sequestration is completely absent 
in systemically LPS-exposed TLR4 deficient mice [13]. In a 2-hit VILI model, combining 
MV with endotoxin-induced lung injury, it was demonstrated that MV induces activation 
of circulating neutrophils and endothelial cells [11]. The same study also reported that 
TLR4 on circulating neutrophils and TLR4 expressed by lung tissue were both important 
for pulmonary neutrophil infiltration in VILI [11]. Hence, it can be speculated that in our 
VILI model, intravenous Eritoran affected neutrophil influx by blocking TLR4 on circulat-
ing neutrophils and endothelial cells and thus inhibiting migration of neutrophils.

TLR4 deficiency in a model of injurious MV combined with endotoxin attenuated neu-
trophil influx, but also total protein levels in BALF, lung edema, and tissue injury scores 
on histopathology [11]. In a VILI model without concurrent LPS administration it was 
reported that TLR4 knockout mice demonstrate a reduced BALF cell count, total protein 
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concentration, cytokine level, and lung edema in response to high tidal MV. In contrast 
to these studies, we observed no effect on other VILI end-points by Eritoran treatment. 
It can be speculated that the levels of Eritoran reaching the alveolar compartment were 
not sufficient to block TLR4 signaling in the alveoli. Additional experiments with local 
administration of eritoran are needed to study if eritoran could have a more protective 
effect via this route.

TLR4 is an attractive target to temper excessive inflammation in sterile inflammatory 
conditions such as VILI. However, the innate immune system is crucial for the recogni-
tion of pathogens and complete TLR4 blockade could therefore interfere with a critical 
step in host response towards infections. Therefore, TLR4 inhibition should be done with 
caution in patients susceptible for infection.

Our study has several limitations. First, lung brush samples were obtained from the 
right middle lobe/lingual or, at t=5 hours, the contralateral side. These samples may 
not be a perfect representative since VILI is thought to develop in more distal airways. 
Second, we performed a secondary analysis on BALF and lung brush samples collected 
during a previous study, which was not powered to detect differences in mRNA levels 
between both ventilation groups. We therefore combined these groups, and analyzed 
the effect of MV. Third, the anesthesia mix we used may have immunomodulating ef-
fects [28]. In our experiments all animals, except the non-ventilated controls, received 
the same amount of anesthesia. It would be ideal to have a control group of tracheoto-
mized, intubated, spontaneously breathing mice. However, anesthesia leads to severe 
hypoventilation and deep respiratory acidosis in non-ventilated mice.

In conclusion, our study demonstrates in patients increased expression of pulmonary 
TLR4 after 5 hours of MV. These results suggest that also in patients MV is associated with 
innate immune modulation in which TLR4 plays a role. Intravenous Eritoran attenuates 
the recruitment of neutrophils into the alveolar space during injurious MV but does 
not affect other VILI markers. If local pulmonary administration of Eritoran has a more 
pronounced effect on VILI parameters deserves future experimental studies.
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