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Anti-TNF inhibits the Airways neutrophilic
inflammation induced by inhaled endotoxin in
human
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Abstract

Background: Inhaled endotoxin induces airways’neutrophilia, in human. TNF-a being a key cytokine in the response
to endotoxin, the effect of anti-TNF on the endotoxin-induced neutrophilic response was evaluated among healthy
volunteers.

Methods: Among a population of 30 healthy subjects, an induced-sputum was collected 2 weeks before, and
24 hours after an inhalation of 20 mcg endotoxin (E coli 026:B6). Then, the subjects were randomized into 3 parallel
groups treated with control, oral methylprednisolone 20 mg/day during 7 days or anti-TNF (adalimumab, Humira®,
Abbott) 40 mg SC. One week later, an induced-sputum was sampled, 24 hours after an inhalation of endotoxin.

Results: After endotoxin inhalation, the number of total cells, neutrophils and macrophages was significantly
increased (p <0.001). Compared to the response to endotoxin among the control group, anti-TNF inhibited the
endotoxin-induced neutrophil influx, both in relative (51.3 (±6.4)% versus 26.2 (±5.3)%, p <0.002) and in absolute
values (1321 (443–3935) cells/mcL versus 247 (68–906) cells/mcL, p <0.02). The endotoxin-induced neutrophilic
response was not significantly modified among the control group and oral corticosteroid group.

Conclusions: While oral corticosteroid had no effect, anti-TNF inhibited the neutrophil influx in sputum, induced by
inhalation of endotoxin, in human subject. The endotoxin model could be an early predictor of clinical efficacy of
novel therapeutics.

Trial registration: ClinicalTrials.gov NCT02252809 (EudraCT2008-005526-37)
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Background
Over one bilion people through the World suffer from
chronic respiratory diseases (CRD), mainly chronic ob-
structive pulmonary diseases (COPD) and asthma [1].
Currently there is no satisfactory treatment for COPD
and severe asthma. Airways’ neutrophilic inflammation
is a risk factor of severity of several CRD. The number
of neutrophils in sputum correlates with the severity [2]
and accelerated decrease of FEV1 [3] in COPD and with
severe exacerbations in asthma [4]. Neither oral cortico-
steroids (CS), nor a high dose inhaled CS has an effect
on the airways’ neutrophilic inflammation in COPD
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[5,6], and neutrophilic exacerbations of asthma are re-
fractory to increasing the dose of inhaled corticosteroids
[7]. Through the activation of NF-kB, TNF-a induces the
IL-8 chemokine that is a chemoattractant for the neutro-
phils. Consistently, some studies reported that the con-
centrations of TNF-a and its soluble receptor are raised
in the sputum of COPD patients [8]. The lack of anti-
inflammatory effects of CS in COPD could be related to
the reduction in recruitment of histone desacetylase-2
by CS, resulting in the absence of control of NFkB tran-
scription, leading to expression of cytokines such as
TNF-a and IL-8 [9]. Thus, TNF-a appears to participate
to the mechanism of airways neutrophilic inflammation
in COPD and severe asthma.
The endotoxin-induced airways’ inflammation mimicks

several aspects of acute exacerbation of COPD [10]. This
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neutrophilic inflammation is not modified by oral prednis-
olone [11]. In an ex-vivo model, using endotoxin exposure
of lung tissue from COPD, TNF was the initial cytokine
and was predicitive for the following release of IL-6,
CXCL8 and IL-10. It was inhibited by the neutralisation of
the TNFα [12]. The concentration of TNF in the broncho-
alveolar lavage was significantly increased during the early
phase [2 hours] after bronchial endotoxin instillation in hu-
man [13]. Recently the involvement of NF-kB activation in
the neutrophilic response to inhaled endotoxin has been
reported among smokers [14].
Since TNF-a seems to be a key cytokine in endotoxin-

induced neutrophilic inflammation, the current study
evaluated the inhibiting effect of anti-TNF on the neu-
trophilic response among healthy volunters exposed to
inhaled endotoxin.

Methods
Subjects
A population of 49 healthy, male and female, non-smoker
volunteers (age 18 to 50 years) was screened, after a writ-
ten informed consent was obtained from each subject.
They were excluded if they used drugs within 2 weeks or
over-the counter medication.

Study design
During the screening phase, an induced-sputum was col-
lected 2 weeks before, and 24 hours after an inhalation of
20 mcg endotoxin. On day 1, among the 49 healthy volun-
teers, 40 were selected after having produced a valid spu-
tum (defined as a 80% or more viability, with less than
50% squamous cells, and less than 70% neutrophils). A
significant inflammatory response to inhaled endotoxin
was defined as an increase of 10% or more of the absolute
count of neutrophils in the sputum. By doing so, 30 sub-
jects were included (mean age: 31.0 (28 – 34) years; fe-
males/males: 16/14) (Figure 1).
After a wash-out period of 7 days, they were randomised

into 3 open parallel groups: control or treated with 20 mg
oral prednisolone (Medrol®, Pfizer-Upjohn) once daily for
Figure 1 The design of the study.
7 days (PDN) or a single sub-cutaneous anti-TNF antibody,
40 mg adalimumab (Humira®, Abbott) on day 1. On day 14,
a challenge test with inhaled endotoxin was performed in
each subject and an induced-sputum was obtained 24 hours
later. A clinical follow-up visit was performed after 5 weeks.

Induced sputum
Hypertonic sterile saline (5%) was nebulized for 30 minutes
with an ultrasonic nebulizer (Fisoneb; Karapharm,
Marseille, France); subjects rinsed their mouth with water
every 10 minutes and tried to cough sputum directly into
a sterile plastic box. After selection of all portions of spu-
tum as free as possible of saliva, the plugs were weighed,
mixed with 4 volumes of dithiotreitol 0.1% (Sputolysin;
Behring Diagnostics, Somerville, NJ), homogenised and
rocked for 15 min. before adding 4 volumes of Dulbecco’s
PBS. After filtration and centrifugation (15 minutes at
800 g) the supernatant was frozen at -80°C while the pel-
leted cells were resuspended in PBS. The number of total
cells was measured with a Thoma's hemocytometer. The
cell viability was assessed by the Trypan blue method. A
slide was prepared by centrifugation (Cytospin, Shandon
Inc, Pittsburgh, PA) and stained with May-Grünwald-
Giemsa. The differential cells were counted on 400 cells.

Endotoxin challenge tests
The procedure of endotoxin challenge has been previ-
ously reported [15]: briefly 20 μg of a suspension of lipo-
polysaccharide (LPS Escherichia coli 026:B6 from Sigma
Chemical, St Louis, MO -ref L-2654), the active deriva-
tive of endotoxin, was administered by a dosimeter
Mefar MB3 (Mefar, Brescia, Italy). The dose of inhaled
endotoxin corresponded to 17 inhalations of a calibrated
aerosol of 6 mcL/inhalation containing a solution of
0.2 mg/mL endotoxin. Outputs was checked by weighing
the nebulizer containing 2 ml of sterile normal saline be-
fore and after 10 actuations [16]. The endotoxin dose
was selected according to data published on the dose–
response relationship to inhaled endotoxin [17]. The ob-
jective was to cause only minimal systemic responses,
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though with a significant but sub-maximal inflammatory
responses in the lung, to allow prednisolone and/or adali-
mumab to significantly reduce these responses. At the end
of the procedure, the volunteers were instructed to rinse
their mouth to eliminate residual endotoxin trapped on
the oral mucosa. Symptoms, oral temperature, forced vital
capacity (FVC), forced expiratory volume in 1 second
(FEV1) and the FEV1/FVC were recorded before and
hourly after endotoxin.
Good clinical practice
This study was conducted according to with Good Clinical
Practice Guidelines of the International Conference on
Harmonisation. The study was registered in the non-public
database of all drugs trials in the European Community
(EudraCT: 2008-005526-37), as an exploratory phase study,
in 2008, and then in the public database form the Clinical-
Trials.gov NCT02252809. It was approved by the Ethics
Committee of the CHU Brugmann (decision number
CE2008/49) and the competent authorities in Belgium.
Written informed consent was obtained in each subject.
The Clinical Research Unit of the Institution was respon-
sible for study coordination.
Statistics
The results were expressed as mean or geometric
mean ±95% confidence interval. The absolute values
of the cells were Log transformed. Repeatability of
the response to LPS was assessed, among the control
group, by plotting the differences between repeated
measurements against the mean of the repeated
measures, and testing whether the mean differences
was significantly different from 0 (method of Bland
and Altman) [18]. ANOVA was used to compare
change from baseline among the three groups (con-
trol, PDN, anti-TNF), followed by paired t-tests be-
tween each active treatments and the control group.
P values smaller than 0.05 were considered statisti-
cally significant.
Table 1 Demography and sputum characteristics at the basal
randomized group

Whole population

Subjects (n) 30

Sex (F/M) 16/14*

Age (years, 95% CI)† 31 (28–34)

Weight of sputum plugs (mg, 95% CI)‡ 469 (389–553)

Cells viability (%, 95% CI)† 80.4 (76.0-84.7)

Total cells (cells/μL, 95% CI)‡ 2280 (1496–3467)
†arithmetic means; ‡geometric means.
*age, sputum characteristics were not significantly different among female (F) comp
Results
The demographics of the population is shown in Table 1.
There was no significant difference among the 3 rando-
mised groups for age, sex ratio, sputum characterictics
at the basal state.
Except a slight headache among 5 subjects, there was

no significant symptom or change in lung function. The
temperature increased slighly from 36.3 (36.0-36.6) im-
mediately before LPS to 36.3 (36.0-36.5) (p = NS), 36.3
(36.2-36.7) (p = NS), 36.4 (36.1-36.6) (p = NS) , 36.5
(26.2-36.8) (p <0.05), at 2, 4, 8 and 24 hours after inhaled
LPS, respectively. There was no significant drug effect
on the symptoms and/or the temperature.
Among the 30 subjects, during the screening phase, the

endotoxin inhalation induced a significant rise of the geo-
metric means of total viable cells (p <0.0001), neutrophils
(p <0.0001), macrophages (p <0.001), and lymphocytes
(p <0.0001) (Figure 2A). The arithmetic means of the per-
centage of neutrophils increased from 35.0 (26.9 – 43.1)%
to 52.4 (44.6 – 60.3)%, (p <0.0001), while there was a de-
crease of macrophages from 60.7 (52.2 – 62.2)% to 43.8
(35.9 – 51.8)%, (p <0.0001) (Figure 2A). Among the sub-
jects of the control group, the neutrophilic (%) response
correlated significantly between the 2 endotoxin chal-
lenges (i.e. the endotoxin challenge before and after ran-
domisation, r = 0.78; p <0.02), suggesting that the
response was reproducible. The intra-subject repeatability
of the method was evaluated in the control group, by
comparing the neutrophilic response on day 1 and day 14
(Figure 2B). The Bland and Altman analysis showed that
the measurements of percentage and absolute values of
neutrophils were not statistically different between day 1
and day 14 (t-test = −0.179 and −0.585, respectively).
Anti-TNF inhibited the neutrophil influx both in relative

(51.3 (36.8 - 65.8)% versus 26.2 (14.1 – 38.2)% , p <0.002),
and in absolute value (1321 (443–3935) cells/mcL versus
247 (68–906) cells/mcL, p <0.02) (Figure 3). While anti-
TNF increased the percentage of macrophages (44.7(29.8 –
59.6)% versus 71.3 (58.4 – 84.1)% ; p <0.002), it had no sig-
nificant effect on the absolute count of macrophages (1180
(661–2089) cells/mcL versus 873 (457–1660) cells/mcL;
state in the whole population and among each

Control PDN Anti-TNF

10 10 10

4/6 5/5 7/3

29 (23–34) 33 (27–40) 31 (25–37)

564 (378–750) 422 (309–535) 433 (260–606)

80.7 (73.7-87.6) 85.6 (78.3-92.8) 74.8 (65.5-84.2)

4083 (1749–9506) 2138 (933–4909) 1356 (764–2404)

ared to male (M).



Figure 2 The change of the sputum cells count after LPS inhalation compared to saline inhalation. A. Sputum cells count before and
24 hours after inhalation of 20 mcg endotoxin during the screening phase, among the 30 included subjects. The black bar indicates the cells counts
after saline, the white bar after endotoxin inhalation. Data (in % or log absolute value) are expressed as means +95% CI. Statistics: paired t-tests
(n = 30). B. Assesment of repeatability of the LPS induced neutrophils (% and absolute values). The differences against the means of the neutrophils
counts, after repeated inhaled LPS at day 1 and day 14, among the control group. Limits of agreement are the mean ±2 SD.
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p =NS) (Figure 3). Oral corticosteroid had no significant
effect on the neutrophils and macrophages response to
endotoxin, while it inhibited significantly the percentage
but not the absolute count of lymphocytes (Figure 3). The
data of the endotoxin-induced cells count response in spu-
tum before and after a treatment are shown in Table 2.
The endotoxin-induced changes of the cell counts of

the control group were compared to the changes after
treatment with corticosteroids or anti-TNF (Figure 4,
ANOVA for repeated measurements). The F-tests were
significant for PMN % (F226 = 8.07, p <0.01), macrophages
% (F227 = 8.27, p <0.01), viability % (F226 = 5.69, p <0.01),
and Log PMN (F226 = 4.33 , p <0.03), but not for Log mac-
rophages, Log lymphocytes and lymphocytes %.
The amplitude of the neutrophil response to endo-

toxin, expressed in absolute values was variable among



Figure 3 Comparisons of LPS-induced cell counts before and after treatment. The black bar indicates the cells counts after control, the
white bar after methylprednisolone and the gray bar after anti-TNF. Data are expressed as means +95% CI. Statistics: paired t-tests. *p <0.05,
**p <0.02, ***p <0.002.
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the subjects and not related with the neutrophil count at
the basal state (Figure 5A). Anti-TNF totally inhibited
the endotoxin-induced rise of neutrophils, in each sub-
ject (exept one). The rise of the neutrophilic count after
endotoxin (Figure 5B) was significantly related to the
amplitude of the anti-TNF blocking effect, suggesting
that anti-TNF was mainly active on the endotoxin-
induced change in neutrophils but not, on the airways
neutrophils count at the basal state. There was no sig-
nificant change of the amplitude of the neutrophil re-
sponse to endotoxin in both the control groups and the
oral steroids treated subjects (Figure 5C and D).

Discussion
The study shown that a pretreatment with anti-TNF
inhibited the endotoxin-induced neutrophil influx in in-
duced sputum, among healthy subjects. Conversely, oral
corticosteroid had no effect on the endotoxin induced
inflammation.
In human, a bronchial instillation of endotoxin induced

an early phase reaction, occuring after 2 hours and charac-
terized by a local increase in neutrophils and cytokines,
such as TNF-a, IL1-b, IL-6 and IL-8 [13]; TNF-a increased
more than 300 fold, compared to the control [13]. It was
followed by a later phase (24–48 hours) characterized by
the presence of neutrophils, macrophages, macrophages
and lymphocytes [13,19], recovering within 7 days [19]. In
ex vivo lung tissue, stimulated with endotoxin (100 ng/
ml), TNF-a was the initial cytokine, expressed by the mac-
rophages and mastocytes as early as 1 hour, rising at 2 and
4 hours and peaking at 6 hours and it was also predictive
for the following release of cytokines, after endotoxin
exposure [12]. Since TNF-a is a key cytokine in endotoxin-
induced airway’ inflammation, we hypothesised that
anti-TNF could attenuate the endotoxin induced airways’
neutrophilia.
The current data confirmed the airways’ neutrophilic

response in absolute and relative value, 24 hours after an
inhalation of 20 mcg endotoxin. Firstly, we evaluated the
repeatability of the PMN response. It is well known that
the amplitude of the neutrophilic response to inhaled
endotoxin is highly variable between subjects [20], as
also confirmed by the present results. Nevertheless,in
the current study, among the 10 subjects submitted to
repeated endotoxin challenges, at 14 days interval, the
intra-subject repeatability of the sputum neutrophilia
was significant, consistently with recent data [14,21,22].
Secondly, we investigated the effect of oral corticoste-

roids on the endotoxin-induced airways’ neutrophilia. A
7 days pretreatment with methylprednisolone 20 mg daily



Table 2 The endotoxin-induced cells count response in sputum before and after a treatment with control, oralsteroids
and anti-TNF

Parameters Total Control PDN p value‡ Anti-TNF p value‡

.(1) .(2) (1) vs (2) .(3) (1) vs (3)

n 30 9 10 10

Total viable cells (cells/μL)

Before LPS 1811 (1191–2748) 2716 (1132–6741) 1820 (805–4111) 1000 (607–1648)

After LPS 4188 2754–6368) 4570 (2004–10399) 4447 (2060–9571) 2884 (1352–6152)

After LPS + treatment 6039 1883–19408) 3963 (2004–7834) NS 1261 (591–2691) 0.052

p value† < 0.0001

Neutrophils (cells/μL)

Before 520 (299)906) 789 (229–2710) 561 (207–1517) 244 (120–498)

After LPS 1954 (1135–3357) 1795 (560–5768) 2387 (1019–5598) 1321 (443–3935)

After LPS + treatment 2594 (614–10990) 2313 (1084–5284) NS 247 (68–906) < 0.02

p value† p <0.0001

Macrophages (cells/μL)

Before 993 (681–1449) 1438 (692–2985) 914 (395–2113) 656 (396–1089)

After LPS 1618 (1138–2296) 1786 (939–3396) 1644 (807–3350) 1180 (661–2089)

After LPS + treatment 1892 (647–5508) 1185 (528–2654) NS 873 (457–1660) NS

p value† p <0.001

Lymphocytes (cells/μL)

Before 39 (23–65) 65 (29–147) 33 (12–91) 21 (8–54)

After LPS 119 (71–201) 155 (64–378) 125 (54–299) 67 (20–219)

After LPS + treatment 198 (42–929) 54(18–156) NS 22 (3–159) NS

p value† p <0.0001

Neutrophils (%)

Before 35 .0 (26.9-43.1) 36.8 (18.3-55.3) 37.3 19.0-55.3) 28.2 (18.2-38.1)

After LPS 52.4 (44.6-60.3) 48.4 (27.1-69.8) 55.9 (44.0-67.8) 51.3 (36.8-65.8)

After LPS + treatment 49.6 (28.2-70.9) 63.8 (49.8-77.8) NS 26.2 (14.1-38.2) < 0.002

p value† p <0.0001

Macrophages (%)

Before 60.7 (52.2-62.2) 58.6 (39.8-77.5) 59.5 (39.5-79.5) 67.1 (57.2-77.0)

After LPS 43.8 (35.9-51.8) 47.8 (26.2-69.3) 40.8 (28.7-52.8) 44.7 (29.8-59.6)

After LPS + treatment 46.9 (24.5-69.3) 34.6 23.4-48.8) < 0.002 71.3 (58.4-84.1) NS

p value† p <0.0001

Lymphocytes (%)

Before 2.7 (1.5-3.9) 2.1 (0.8-3.4) 2.7 (0.6-4.8) 3.3 (0.1-6.3)

After LPS 3.0 (2.3-3.6) 3.1 (1.6-4.6) 3.1 (2.4-4.1) 2.8 (1.4-4.1)

After LPS + treatment 2.9 (0.9-5.0) 1.3 (0.6-2.0) NS 1.5 (0.3-3.2) 0.052

p value† NS

The % and absolute values are expressed as arithmetic or geometric means, respectively (95% Confidence Interval). PDN, methylprednisolone.
‡Unpaired t-tests were used to compare the changes among control (1) with the changes after prednisolone (2) or anti-TNF (3).
†Paired t-test to compare the cell counts before and after LPS, among the whole population.
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had no significant effect. In a previous study the same drug
regiment did not have an effect on the response to 50 mcg
LPS, a dose that has been associated with clinical symp-
toms [11]. It was thought that exposure to a subclinical
(and consequently sub-maximal) dose of LPS could be
blocked by oral steroids but it was not confirmed by
the current data. We can not excluded that for a lower
level of LPS exposure (such as 5 μg), an effect of oral



Figure 4 Comparison of the change of sputum cell counts after a treatment with control, prednisolone or anti-TNF. The red bar indicates
the change after treating with anti-TNF, the green bar is the change after methylprednisolone and the white bar is control. Data are expressed as
means +95% CI. ANOVA among the 3 treatments was applied followed by comparisons among the treatments; paired t-test applied when F-test
is significant. Statistics: paired t-tests. **p <0.02, ***p <0.002.
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corticosteroids on biomarkers of inflammation could be
significant; though at this level of exposure, the re-
sponse is inconsistent between subjects [14,17].
Thirdly, we have shown that, in contrast to corticoste-

roids, a pretreatment with anti-TNF blocked the neutro-
philic response, both in relative and absolute values. In
mirror with the decrease of the neutrophils, the percent-
age of macrophages increased, though the absolute num-
ber of macrophages remained unchanged after anti-TNF
treatment. Interestingly the current data shown that
anti-TNF had a blocking effect mainly on the rise of the
neutrophils rather than the basal sputum neutrophilia.
This suggests that anti-TNF could be active rather on
neutrophilic exacerbations, than on the basal state.
Patients with refractory asthma have evidence of up-

regulation of the TNF-α axis since they had increased
expression of membrane-bound TNF-α, TNF-α receptor
1, and TNF-α–converting enzyme by peripheral-blood
monocytes and a 10 weeks of treatment with the soluble
TNF receptor, etanercept, was associated with a signifi-
cant improve in non specific bronchial hyperresponsive-
ness, post bronchodilator FEV1 and asthma-related
quality of life [23]. In moderate asthma, the anti-TNF
infliximab had no effect on morning peak expiratory
flow, though it reduced of more than 50% the number of
moderate exacerbations [24]. A recent case series suggest-
ing that anti-TNF may improve the condition of severe
steroid-dependent refractory asthma, with frequent exacer-
bations and daily symptoms despite close repeated medical
evaluation and maximal treatment including oral steroids
[25]. In animal model of allergen sensitization, on the con-
trary to corticosteroids, anti-TNF does not modify the al-
lergen ovalbumin-induced airways reaction. Though, when
ovalbumin is mixed with endotoxin, anti-TNF significantly
blocked the inflammatory reaction, suggesting that TNF
may play a more prominent pathogenic role in patients
with an environmental exposure to endotoxin [26].
The importance of TNF in severe corticoresistant asthma

was also suggested by increased protein and gene expres-
sion in the airways [27]. The gene expression profiling in
induced sputum, shown that upregulation of TNF was as-
sociated with neutrophilic asthma [28]. TNF-a is also be-
lieved to play a central role in the pathophysiology of
COPD [29]. Since, on one side severe asthma and COPD
are heterogeneous diseases with different phenotypes and
endotypes and, on the other side the TNF inhibitor have
blocking effect on endotoxin-induced airways’ neutrophilic
inflammation, future studies could investigate what kind of
patient can benefit from anti-TNF, in regard to their inflam-
matory sensitivity to endotoxin [30].
Other anti-inflammatory drugs have been evaluated

on endotoxin induced airways’ inflammation in hu-
man. Salmeterol was shown to have a significant anti-
inflammatory effect, even when a 100 μg dose of
inhaled endotoxin was used [31]. It has been reported
that neutrophilic inflammation induced by intra-nasal
instillation was reduced by inhibition of CXCR2
(a chemokine receptor antagonist) [32]. Recently an oral
CXCR2 antagonist inhibited the induced sputum inflam-
mation, induced by inhaled endotoxin, among healthy



Figure 5 The individual values of the PMN response after endotoxin. A. The individual values of Log count of neutrophils in sputum at the
basal state, after endotoxin inhalation(LPS) and after LPS with a previous treatment with anti-TNF (LPS + anti-TNF). B. The relationship between
the rise of the Log count of neutrophils in sputum after endotoxin (LPS) (vertical axis) with the inhibiting effect of anti-TNF on the LPS response
(horizontal axis). C. The individual values of Log count of neutrophils in sputum at the basal state, after endotoxin inhalation(LPS) and after LPS
among the control group. D. The individual values of Log count of neutrophils in sputum at the basal state, after endotoxin inhalation(LPS) and
after LPS with a previous treatment with oral steroids (PDN).
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volunteers [33]. Simvastatin inhibits inflammatory re-
sponses in vitro and in murine models of lung inflamma-
tion in vivo; a pretreatment with simvastatinreduced the
lung neutrophilic response induced by LPS inhalation in
human volunteers [34]. The PDE-4 inhibitors have been
also evaluated on the LPS model. Roflumilast reduced the
neutrophilic into the airways after segmental bronchial
challenge with endotoxin [35] – however not confirmed in
a recent study using GMP-grade LPS [21] -, while cilomi-
last had no effet on the endotoxin-induced sputum neu-
trophila [11]. Interestingly, the phase III development of
cilomilast have been stopped due to a lack of efficacy,
while roflumilast has received post-phase III market auto-
risation. Recently it has been reported that in human vol-
unteers, a pretreatment with vitamin E decreased the
neutrophilic airways’ response induced by endotoxin [36].
The data obtained with the endotoxin model among

healthy subjects have been extrapolated to the COPD pa-
tients. Based on their own data, R Kitz et al. concluded
that the endotoxin inflammation is a model to investigate
the inflammatory response in human and to improve our
understanding of the mechanism of chronic respiratory
diseases [37]. Because inhalation of endotoxin induced in-
flammation mimicking several characteristics of COPD,
Korsgen et al. considered that the endotoxin model in hu-
man could be used for initial human studies of novel
COPD-drugs [38]. According to Aul et al., the endotoxin
response could be a suitable model of bacterial exacerba-
tions of COPD since the response is safe, reproducible
and associated to translocation of the NF-kB subunit p65
in sputum cells [14]. In a brief review comparing the
endotoxin model with ozone and rhinovirus challenges,
the endotoxin is the model of choice for new drugs involv-
ing the TLR4 receptor, and NF-kB pathway [39]. Since the
current data show that endotoxin inflammation is inhib-
ited by adalimumab, a TNF inhibitor, this last could be
used as a positive control, in future studies evaluating
novel agents.
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Conclusions
While oral corticosteroid was not effective, the TNF in-
hibitor adalimumab blocks the endotoxin-induced neu-
trophilic airways’ inflammation.
Firstly, this endotoxin model could be used to under-

stand the biological effects of compounds that inhibit the
LPS induced NF-kB pathway and/or be a model of acute
exacerbation of COPD and it could be an early predictor
of clinical efficacy of novel therapeutics. Secondly, an anti-
TNF treatment could be indicated in chronic respiratory
diseases with acute neutrophilic airways’ exacerbations, in
particular related to endotoxin sensitivity and/or environ-
mental exposure.

Abbreviations
COPD: Chronic obstructive pulmonary disease; CRD: Chronic respiratory
diseases; CS: Corticosteroids; FEV1: Forced expiratory volume in one second;
FVC: Forced vital capacity; LPS: Lipopolysaccharide; PDN: Prednisolone;
PMN: Polymorphonuclear neutrophils; TNF: Tumor necrosis factor.

Competing interests
OM has received research funding from Funxional Therapeutics Ltd. PHDD,
VD, FC have declared that they have no competing interests.

Authors’ contributions
OM conceived of the study, participated in its design and redaction of the
manuscript. PHDD carried out the technical aspects of the sputum induction
and LPS challenges. VD participated to the redaction of the manuscript. FC
carried out the processing and cellular analysis of the induced sputum. All
authors read and approved the final manuscript.

Acknowledgements
Phong Huy Duc Dinh was supported by the Belgium CUD (Commission
Universitaire au Développement). The study was partially supported by a
grant from Funxional Therapeutics Ltd, Cambridge, United Kingdom.

Author details
1Clinic of Allergology and Immunology, CHU Brugmann (Université Libre de
Bruxelles - ULB), 4 pl Van Gehuchten, B −1020, Brussels, Belgium. 2Laboratory
of Immunology, CHU Brugmann (Université Libre de Bruxelles - ULB),
Brussels, Belgium. 3Department of Immunology, Pham Ngoc Thach University
of Medicine (PNTU), Ho Chi Minh, Vietnam.

Received: 7 March 2014 Accepted: 14 October 2014
Published: 3 November 2014

References
1. Bousquet J, Kiley J, Bateman ED, Viegi G, Cruz AA, Khaltaev N, Aı¨t Khaled N,

Baena-Cagnani CE, Barreto ML, Billo N, Canonica GW, Carlsen KH, Chavannes
N, Chuchalin NA, Drazen J, Fabbri LM, Gerbase MW, Humbert M, Joos G,
Masjedi MR, Makino S, Rabe K, To T, Zhi L: Prioritised research agenda for
prevention and control of chronic respiratory diseases. Eur Respir J 2010,
36:995–1001.

2. Keatings VM, Collins PD, Scott DM, Barnes PJ: Differences in interleukin-8
and tumor necrosis factor-in induced sputum from patients with chronic
obstructive pulmonary disease or asthma. Am J Respir Crit Care Med 1996,
153:530–534.

3. Stanescu D, Sanna A, Veriter C, Kostianev S, Calcagni PG, Fabbri LM,
Maestrelli P: Airways obstruction, chronic expectoration, and rapid
decline of FEV1 in smokers are associated with increased levels of
sputum neutrophils. Thorax 1996, 51:267–271.

4. Fraenkel DJ, Bardin PG, Sanderson G, Lampe F, Johnston SL, Holgate ST:
Lower airways inflammation during rhinovirus colds in normal and in
asthmatic subjects. Am J Respir Crit Care Med 1995, 151:879–886.

5. Keatings VM, Jatakanon A, Worsdell YM, Barnes PJ: Effects of inhaled and
oral glucocorticoids on inflammatory indices in asthma and COPD.
Am J Respir Crit Care Med 1997, 155:542–8.
6. Culpitt SV, Maziak W, Loukidis S, Nightingale JA, Matthews JL, Barnes PJ:
Effect of high dose inhaled steroid on cells, cytokines, and proteases in
induced sputum in chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 1999, 160:1635–1639.

7. Doull IJ, Lampe FC, Smith S, Schreiber J, Freezer NJ, Holgate ST: Effect of
inhaled corticosteroids on episodes of wheezing associated with viral
infection in school age children: randomised double blind placebo
controlled trial. BMJ 1997, 315:858–862.

8. Vernooy JH, Kucukaycan M, Jacobs JA, Chavannes NH, Buurman WA,
Dentener MA, Wouters EF: Local and systemic inflammation in patients
with chronic obstructive pulmonary disease: soluble tumor necrosis
factor receptors are increased in sputum. Am J Respir Crit Care Med 2002,
166:1218–1224.

9. Barnes PJ, Ito K, Adcock IM: Corticosteroid resistance in chronic
obstructive pulmonary disease: inactivation of histone deacetylase.
Lancet 2004, 363:731–33.

10. Groneberg DA, Chung KF: Models of chronic obstructive pulmonary
disease. Respir Res 2004, 5:18.

11. Michel O, Dentener M, Cataldo D, Cantinieaux B, Vertongen F, Delvaux C,
Kelly J: Effects of oral Prednisolone and Cilomilast on LPS-induced
inflammation in human. Pulm Pharm Ther 2007, 20:676–83.

12. Hackett TL, Holloway R, Holgate ST, Warner JA: Dynamics of pro-
inflammatory and anti-inflammatory cytokine release during acute
inflammation in chronic obstructive pulmonary disease: an ex vivo study.
Respir Res 2008, 9:47–61.

13. O’Grady NP, Preas HL, Pugin J, Fiuza C, Tropea M, Reda D, Banks SM, Suffredini
AF: Local inflammatory responses following bronchial endotoxin instillation
in humans. Am J Respir Crit Care Med Vol 2001, 163:1591–8.

14. Aul R, Armstrong J, Duvoix A, Lomas D, Hayes B, Miller BE, Jagger C, Singh
D: Inhaled LPS challenges in smokers: a study of pulmonary and
systemic effects. Br J Clin Pharmacol 2012, 74:1023–32.

15. Michel O, Duchateau J, Sergysels R: Effect of inhaled endotoxins on
bronchial reactivity in asthmatic and normal subjects. J Appl Physiol 1989,
66:1059–1064.

16. Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin CG,
MacIntyre NR, McKay RT, Wanger JS, Anderson SD, Cockcroft DW, Fish JE,
Sterk PJ: Guidelines for methacholine and exercise challenge testing-
1999. This official statement of the American Thoracic Society was
adopted by the ATS Board of Directors, July 1999. Am J Respir Crit Care
Med 2000, 161:309–29.

17. Michel O, Nagy AM, Schroeven M, Duchateau J, Neve J, Fondu P, Sergysels
R: Dose–response relationship to inhaled endotoxin in normal subjects.
Am J Respir Crit Care Med 1997, 156:1157–1164.

18. Bland JM, Altman DG: Statistical methods to assessing agreement beween
two methods of clinical measurement. Lancet 1986, 1(8476):307–10.

19. Doyen V, Kassengera Z, Dinh DHP, Michel O: Time course of endotoxin-induced
airways' inflammation in healthy subjects. Inflammation 2012, 35:33–8.

20. Arbour NC, Lorenz E, Schutte BC, Zabner J, Kline JN, Jones M, Frees K, Watt
JL, Schwartz DA: TLR4 mutations are associated with endotoxin
hyporesponsiveness in humans. Nat Genet 2000, 25:187–91.

21. Janssen O, Schaumann F, Holz O, Lavae-Mokhtari B, Welker L, Winkler C, Winkler
C, Biller H, Krug N, Hohlfeld JM: Low-dose endotoxin inhalation in healthy
volunteers - a challenge model for early clinical drug development.
BMC Pulmonary Medicine 2013, 13:19.

22. Michel O, Doyen V, Leroy B, Bopp B, Dinh DHP, Corazza F, Wattiez R:
Expression of calgranulin A/B heterodimer after acute inhalation of
endotoxin: proteomic approach and validation. BMC Pulm Med 2013,
13:65. doi:10.1186/1471-2466-13-65.

23. Berry MA, Hargadon B, Shelley M, Parker D, Shaw DE, Green RH, Bradding P,
Brightling CE, Wardlaw AJ, Pavord ID: Evidence of a role of tumor necrosis
factor alpha in refractory asthma. N Engl J Med 2006, 354:697–708.

24. Erin EM, Leaker BR, Nicholson GC, Tan AJ, Green LM, Neighbour H,
Zacharasiewicz AS, Turner J, Barnathan ES, Kon OM, Barnes PJ, Hansel TT:
The effects of a monoclonal antibody directed against tumor necrosis
factor-alpha in asthma. Am J Respir Crit Care Med 2006, 174:753–62.

25. Taillé C, Poulet C, Marchand-Adam S, Borie R, Dombret MC, Crestani B, Aubier
M: Monoclonal anti-TNF-α antibodies for severe steroid-dependent asthma:
a case series. Open Respir Med J 2013, 7:21–5.

26. Long AJ, McCarthy R, Rundell L, Goess C, Cuff CA: The efficacy of TNF
blockade in asthma models depends on endotoxin levels in the allergic
challenge. Proc Am Thorac Soc 2009, 6:331–332.



Michel et al. BMC Pharmacology and Toxicology 2014, 15:60 Page 10 of 10
http://www.biomedcentral.com/2050-6511/15/60
27. Holgate ST, Polosa R: The mechanisms, diagnosis, and management of
severe asthma in adults. Lancet 2006, 368(9537):780–93.

28. Baines KJ, Simpson JL, Wood LG, Scott RJ, Gibson PG: Transcriptional
phenotypes of asthma defined by gene expression profiling of induced
sputum samples. J Allergy Clin Immunol 2011, 127:153–160.

29. Murugan V, Peck MJ: Signal transduction pathways linking the activation
of alveolar macrophages with the recruitment of neutrophils to lungs in
chronic obstructive pulmonary disease. Exp Lung Res 2009, 35:439–85.

30. Matera MG, Calzetta L, Cazzola M: TNF-a inhibitors in asthma and COPD:
we must not throw the baby out with the bath water. Pulm Pharm Ther
2010, 23:121–128.

31. Maris NA, de Vos AF, Dessing MC, Spek CA, Lutter R, Jansen HM, van der
Zee JS, Bresser P, van der Poll T: Anti-inflammatory effects of salmeterol
after inhalation of lipopolysaccharide by healthy volunteers. Am J Respir
Crit Care Med 2005, 172:878–84.

32. Virtala R, Ekman AK, Jansson L, Westin U, Cardell LO: Airway inflammation
evaluated in a human nasal lipopolysaccharide challenge model by
investigating the effect of a CXCR2 inhibitor. Clin Exp Allergy 2012,
42:590–6.

33. Leaker BR, Barnes PJ, O’Connor B: Inhibition of LPS-induced neutrophilic
inflammation in healthy volunteers with an oral CXCR2 antagonist.
Respir Res 2013, 14:137.

34. Shyamsundar M, McKeown ST, O'Kane CM, Craig TR, Brown V, Thickett DR,
Matthay MA, Taggart CC, Backman JT, Elborn JS, McAuley DF: Simvastatin
decreases lipopolysaccharide-induced pulmonary inflammation in
healthy volunteers. Am J Respir Crit Care Med 2009, 179:1107–14.

35. Hohlfeld JM, Schoenfeld K, Lavae-Mokhtari M, Schaumann F, Mueller M,
Bredenbroeker D, Krug N, Hermann R: Roflumilast attenuates pulmonary
inflammation upon segmental endotoxin challenge in healthy subjects: a
randomized placebo-controlled trial. Pulm Pharmacol Ther 2008, 21:616–23.

36. Hernandez ML, Wagner JG, Kala A, Mills K, Wells HB, Alexis NE, Lay JC, Jiang
Q, Zhang H, Zhou H, Peden DB: Vitamin E, γ-tocopherol, reduces airway
neutrophil recruitment after inhaled endotoxin challenge in rats and in
healthy volunteers. Free Radic Biol Med 2013, 60:56–62.

37. Kitz R, Rose MA, Placzek K, Schulze J, Zielen S, Schubert R: LPS inhalation
challenge: a new tool to characterize the infammatory response in
humans. Med Microbiol Immunol 2008, 197:13–19.

38. Korsgren M, Linden M, Entwistle N, Cook J, Wollmer P, Andersson M,
Larsson B, Greiff L: Inhalation of LPS induces inflammatory airway
responses mimicking characteristics of chronic obstructive pulmonary
disease. Clin Physiol Funct Imaging 2012, 32:71–9.

39. van der Merwe R, Molfino NA: Challenge models to assess new therapies
in chronic obstructive pulmonary disease. Int J Chron Obstruct Pulmon Dis
2012, 7:597–605.

doi:10.1186/2050-6511-15-60
Cite this article as: Michel et al.: Anti-TNF inhibits the Airways
neutrophilic inflammation induced by inhaled endotoxin in human.
BMC Pharmacology and Toxicology 2014 15:60.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Subjects
	Study design
	Induced sputum
	Endotoxin challenge tests
	Good clinical practice
	Statistics

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

