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Introduction: Alveolar macrophages (AMs) are equipped with innate immune receptors such 

as toll-like receptor 2 (TLR2) and toll-like receptor 4 (TLR4). In primary bronchial epithelial 

cells, exposure of toll-like receptor (TLR) ligands or tumor necrosis factor-alpha (TNF-α) 

increased TLR2 mRNA expression and reduced interleukin-8 (IL-8) release when coincubated 

with glucocorticosteroids. The aim of this study was to compare TLR2 and TLR4 expression 

levels and the effect of a glucocorticosteroid after stimulation with TLR ligands on AMs from 

smokers with and without COPD compared with the healthy controls.

Subjects and methods: Bronchoalveolar lavage was performed, and AMs were isolated from 

smokers with (n=10) and without COPD (n=11) and healthy controls (n=10) and stimulated 

ex vivo with peptidoglycan (PGN), lipopolysaccharide (LPS), or TNF-α ± budesonide (Bud). 

Blocking antibodies to TLR2 or TLR4 were added before stimulation with LPS or PGN ± Bud, 

respectively. The release of proinflammatory cytokine (TNF-α), chemoattractant (CXCL8), and 

TLR expression was analyzed by enzyme-linked immunosorbent assay and reverse transcription 

polymerase chain reaction.

Results: LPS, PGN, and TNF-α induced an increased release of IL-8 and TNF-α in the AMs 

in all the groups independent of smoking or disease. These responses were inhibited by a 

glucocorticosteroid (Bud) in all the three groups, except PGN-induced IL-8 secretion in smokers 

without COPD. Bud increased TLR2 expression in the healthy controls and smokers without 

COPD. Costimulation of TLR ligands and Bud significantly enhanced TLR2 mRNA expres-

sion in both groups of smokers compared with TLR ligands alone. In smokers, costimulation 

with PGN and Bud significantly increased TLR2 expression when compared with Bud alone. 

On stimulation with the TLR4 agonist, LPS downregulated TLR4 mRNA expression in all the 

three groups.

Conclusion: The combination of glucocorticosteroids with TLR ligands can increase TLR2 

expression, thereby improving host defense in smokers. Also this combination can decrease 

the secretion of proinflammatory cytokines and chemokines as an anti-inflammatory response. 

Our findings indicate that glucocorticosteroid therapy strengthens immune defense pathways, 

which may have implication during exacerbation caused by microorganisms.
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Introduction
Bacterial colonization of the respiratory tract commonly occurs in people who are 

continuously exposed to inhaled foreign particles, such as cigarette smoke or dust.1,2 

One of the key players of the innate immune defense in the human respiratory tract is 

the alveolar macrophage (AM).3 The AM orchestrates airway inflammation by secreting 

and responding to related cytokines and chemokines.4 The number of macrophages in 
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bronchoalveolar lavage (BAL) is usually elevated in smokers 

with and without COPD compared with nonsmokers.5 The 

AMs are equipped with different kinds of toll-like receptors 

(TLRs)6 and, therefore, play a critical role in the continuous 

recognition of potentially pathogenic organisms entering 

the lungs.7

TLRs are a well-known family of pattern recognition 

receptors involved in the initiation of inflammation as well 

as recognition of pathogen-associated molecular patterns 

(PAMPs). A wide range of PAMPs, such as peptidoglycans 

(PGNs) from Gram-positive bacteria and lipopolysaccha-

rides (LPSs) from endotoxin of Gram-negative bacteria, 

predominantly bind to toll-like receptor 2 (TLR2) and toll-

like receptor 4 (TLR4), respectively. It has been previously 

shown that farmers have a decreased expression of TLR2 on 

blood monocytes, compared to that of the healthy controls.8 

Patients with COPD have a lower expression of TLR2 on 

sputum neutrophils than the healthy nonsmokers,5,9 and AMs 

from smokers showed a decreased expression of TLR2.10 

Therefore, it could be assumed that the low TLR expres-

sion might be a consequence of the continuous exposure to 

microorganisms due to bacterial colonization in the respira-

tory tract of both smokers and farmers.

Inhaled corticosteroids are frequently used for the 

treatment of asthma and, in combination with long-acting 

β
2
-agonists, for preventing acute exacerbations in COPD.11 

Glucocorticosteroids bind to intracellular glucocorticoid 

receptors (GRs), which activate a number of anti-inflamma-

tory genes and switch off other genes encoding proinflam-

matory cytokines or chemokines.12 Organic dust collected in 

a pig barn, LPS, and tumor necrosis factor-alpha (TNF-α) 

induced increased interleukin-6 and interleukin-8 (IL-8) 

protein release and mRNA expression in primary bronchial 

epithelial cells.13 These effects were reduced by budesonide 

(Bud) in vitro.13 In parallel, Bud combined with a TLR 

ligand or TNF-α synergistically enhanced TLR2 expression 

on bronchial epithelial cells.13 However, this finding has 

not been well explored in AMs from smokers with and 

without COPD.

The aim of this study was to compare TLR expression 

after costimulation with glucocorticosteroids and TLR 

ligands on AMs from smokers with and without COPD 

compared with those from the healthy controls, to find out 

if the AMs show the same pattern as primary bronchial 

epithelial cells upon stimulation of TLR ligands and steroids, 

and to increase knowledge on how this receptor regulation is 

impaired by the chronic exposure to different inhaled foreign 

particles, in this case cigarette smoke.

Subjects and methods
Isolation of AM
The AMs were isolated from ten nonallergic, nonasthmatic, 

nonsmoking healthy controls; eleven smokers without 

COPD (a postbronchodilator forced expiratory volume in 

1 second [FEV
1
]/forced vital capacity .0.7 and FEV

1
 .70% 

of the predicted value); and ten smokers with COPD (post-

bronchodilator FEV
1
/forced vital capacity ,0.7 and FEV

1
 

40%–70% of the predicted value). The smoker groups 

included current smokers with a cumulative exposure  

of .10 pack-years. All subjects gave their written informed 

consent and the study was approved by the ethics committee 

at Karolinska Institutet, Stockholm, Sweden. Detailed char-

acterizations of the subjects have previously been published 

and are summarized in Table 1.3 Bronchoscopy and BAL 

were performed as previously described.14 After filtering and 

centrifuging the lavage fluid, the cell pellet was resuspended. 

Trypan blue exclusion was used to determine total cell 

number and cell viability. Approximately 0.5 million cells/

well were resuspended in 1 mL of Roswell Park Memorial 

Institute (RPMI) cell medium (RPMI 1640 supplemented 

with 1% l-glutamine, 1% penicillin-streptomycin, and 5% 

fetal bovine serum) and put into six-well plates. After 2 hours, 

Table 1 Characteristics of the participants

Healthy nonsmokers Smokers without COPD Smokers with COPD

Subjects, n 10 11 10
Age (years), mean (range) 54 (41–70) 55 (41–64) 60 (48–73)
Sex (male/female) 7/3 6/5 2/8
Smoking (pack-years), mean (range) 0 38 (20–60) 34 (20–60)
FEV1 % predicted (post-bronchodilator) 99.4 (91.96–106.84) 93.09* (87.47–98.72) 57.7***,### (46.47–68.93)
FEV1/FVC (post-bronchodilator) 79.1 (74.67–83.53) 75.45 (70.19–80.72) 56.1***,### (51.71–60.49)
Numbers of total cells in the BAL fluid (106 cells) 12.7 (8.8–16.8) 40.7** (26.5–51.0) 29.8** (27.7–40.9)
Proportion of macrophages in the BAL fluid (%) 93.3 (87.3–94.6) 94 (90.6–95.3) 89.65 (83.6–95.6)

Notes: Age, smoking history and lung function index are presented as mean values (95% CI). Numbers of total cells in the BAL fluid and proportion of macrophages in the 
BAL fluid are presented as median values (25th–75th percentile). Between-group comparisons were assessed by Kruskal–Wallis test with the Mann–Whitney U-test as a 
post hoc test. *, **, and *** indicate P,0.05, P,0.01, and P,0.001, respectively, compared with the healthy nonsmokers. ###Indicates P,0.001 compared with the smokers 
without COPD.
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; BAL, bronchoalveolar lavage.
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the nonadherent cells and supernatants were discarded and 

the adhered cells (macrophages) were cultured in a 2 mL 

serum-free RPMI cell culture medium for 20 hours.

Stimulation of AM
The cells were exposed to one of the following stimuli with 

and without Bud of 10−8 M (Sigma-Aldrich Co., St Louis, 

MO, USA): LPS (1 µg/mL, Escherichia coli 0111:B4; Sigma-

Aldrich Co.), PGN (1 µg/mL; Sigma-Aldrich Co.), and TNF-α 

(10 ng/mL; R&D Systems, Inc., Minneapolis, MN, USA). The 

cells were incubated at 37°C in 5% CO
2
 for 6 hours; superna-

tants were collected and kept at −70°C until analysis. After 

stimulation, trypan blue exclusion was used to determine cell 

viability, and viability .90% was acceptable.

To block TLR2 and TLR4, 2 µL of monoclonal antibody 

for TLR2 or TLR4 (TLR2, TL2.1, TLR4, HTA 125; 

eBioscience, San Diego, CA, USA) was added to each well 

and incubated for 1 hour before exposure. IgG2a was used 

as an isotype control.

Preparation of mRNA and real-time 
polymerase chain reaction
Preparation of mRNA from AMs was performed in four 

healthy controls and five subjects from each of the two smoking 

groups. After washing the macrophages twice with phosphate-

buffered saline, total mRNA was isolated by PureLinkTM 

Micro-to-Midi Total RNA Purification System (Thermo 

Fisher Scientific, Waltham, MA, USA). Amplification grade 

DNase I was used to remove the genomic DNA (Thermo 

Fisher Scientific). First-stranded cDNA was synthesized 

from 0.5  μg of total RNA using QuantiTect® Reverse 

Transcription Kit (Qiagen NV, Venlo, the Netherlands). The 

Power SYBR Green Master Mix (Thermo Fisher Scientific) 

was used to perform the reverse transcription polymerase 

chain reaction (PCR) with TLR2 and TLR4 primers. The 

primers were designed by software Primer3 and purchased 

from Thermo Fisher Scientific. For TLR2, the forward 

primer was 5′-GGCCAGCAAATTACCTGTGT-3′ and the 

reverse primer was 5′-TTCTCCACCCAGTAGGCATC-3′. 
For TLR4, the forward primer was 5′-CAACAAAGGTGGG 

AATGCTT-3′ and the reverse primer was 5′-TGCCAT 

TGAAAGCAACTCTG-3′. Beta-actin was adopted as an 

internal control gene. For beta-actin, the forward primer 

was 5′-GAGCACAGAGCCTCGCCTTT-3′ and the reverse 

primer was 5′-AGAGGCGTACAGGGATAGCA-3′. A total 

of 50 ng of cDNA was used in each 25 μL PCR reaction 

volume to identify the products of interest. Data were analyzed 

using Applied Biosystems ® 7500 Real-Time PCR Systems 

with 7500 software v.2.0.1 (Thermo Fisher Scientific) and 

transformed using the ΔC
t
 method. The results were then 

calculated and expressed semiquantitatively as 2−∆Ct.

Enzyme-linked immunosorbent assay
Detection of interleukin-8/CXCL8 in the supernatant was 

performed using an in-house enzyme-linked immunosorbent 

assay (ELISA) method.15 Commercially available antibody 

pair MAB 208 and BAF 208 (R&D Systems, Inc.) was 

used to detect IL-8. The detection range for IL-8 was 

12.5–6,400 pg/mL. The measurements of TNF-α in the super-

natant were performed by using high-sensitive Quantikine 

ELISA kit (R&D Systems, Inc.). The analyses of TNF-α were 

performed according to the protocol from the manufacturer. 

For all the duplicated samples, an intra-assay variation ,10% 

(for TNF-α, ,20%) was accepted.

Statistics
Depending on the distribution of the data, the results are pre-

sented as mean confidence interval (95% CI) or median values 

(25th–75th percentile). The percentage of macrophage in the 

BAL fluid that is presented in Table 1 was used to normalize 

the release of IL-8 and TNF-α in different donors. Within 

group comparisons (the stimulation effects of LPS, PGN, and 

TNF-α; the inhibitory effects of Bud; and the blocking effects 

of TLR antibodies) were assessed by Wilcoxon signed-rank 

test. The between-group comparisons were performed by 

Kruskal–Wallis test with the Mann–Whitney U-test as a 

post hoc test. A P-value ,0.05 was considered significant. 

All the data were analyzed using STATISTICA 9 (Statsoft 

Scandinavia AB, Uppsala, Sweden).

Results
The characteristics of the subjects who are a subgroup of a 

cohort published before3 are shown in Table 1. There are no 

significant differences among the three groups regarding age 

and among the smokers regarding smoking history, which is 

measured as pack years. Although smokers with and without 

COPD have more total cells in the BAL fluid than the healthy 

controls, the proportions of BAL macrophages were in the 

same range with no statistical difference.

In AMs from the healthy controls and smokers with and 

without COPD, PGN and LPS enhanced the release of IL-8, 

which could be inhibited by costimulation with Bud (P,0.05; 

Figure 1A, B, and C) with the exception of PGN-induced 

IL-8 release in smokers without COPD. TNF-α induced IL-8 

secretion in AMs from the non-COPD groups (P,0.05), and 

Bud only inhibited TNF-α-induced IL-8 release in smokers 

without COPD (P,0.05; Figure 1D). After both control situ-

ation and stimulation with PGN alone, AMs from smokers 
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without COPD released more IL-8 than AMs from the healthy 

controls (Figure 1A and C).

Both LPS and PGN significantly enhanced the release of 

TNF-α, which could be inhibited by costimulation with Bud in 

AMs from all the three groups (P,0.05; Figure 2A, B, and C).

Bud in itself enhanced TLR2 mRNA expression in 

AMs from controls and smokers without COPD (P,0.05; 

Figure 3A). In smokers with and without COPD, the combina-

tion of Bud and either LPS or PGN enhanced the expression of 

TLR2 mRNA (P,0.05; Figure 3A, B and C). Also in smokers 

without COPD, a significant increased expression of TLR2 was 

observed between the stimulation combination of Bud and PGN 

and stimulation with Bud alone (P,0.05; Figure 3C). There is 

no effect of TNF-α stimulation with or without Bud in any of 

the groups regarding TLR2 expression (Figure 3D)

LPS stimulation alone decreased TLR4 mRNA expres-

sion in all the three groups (P,0.05), while there were no 

significant effects of the combination of LPS and Bud com-

pared with the LPS stimulation alone (Figure 4A and B). 

There were no effects of PGN or TNF-α stimulation with 

or without Bud in any of the groups regarding expression of 

TLR4, with exception of TNF-α stimulation of AMs from 

smokers with COPD, where a significant reduction was 

observed (Figure 4C and D). A combined stimulation with 

PGN and Bud in both smoker groups resulted in significantly 

decreased TLR4 expression compared with Bud stimulation 

alone (Figure 4C).

Blocking TLR2 or TLR4 tended to inhibit PGN- and 

LPS-induced IL-8 protein secretion in all the three groups 

(Figure 5A–F). The inhibitory effect of Bud on PGN-induced 

IL-8 secretion tended to increase further after TLR2 blocking 

in all the groups (Figure 5A–C). As a control experiment, 

the appropriate isotype had no significant effect on measured 

outcomes (data not shown).

Figure 1 Secretion of IL-8 in the BAL fluid AMs from the healthy controls and smokers with and without COPD incubated for 6 hours in control medium (A), LPS (B), 
PGN (C), and TNF-α (D) in the absence and presence of Bud.
Notes: Data are presented as median values and interquartile ranges. # and ##, respectively, indicate P,0.05 and P,0.01 for the effect of different stimuli (medium vs LPS/
PGN/TNF-α). * and **, respectively, indicate P,0.05 and P,0.01 for the effect of Bud (LPS/PGN/TNF-α vs LPS + Bud/PGN + Bud/TNF-α + Bud). ¤Indicates P,0.05 for the 
effect of PGN (Bud vs PGN + Bud). & and &&, respectively, indicate P,0.05 and P,0.01 compared with the healthy control cells. Different designators used for comparisons 
within groups and between groups.
Abbreviations: IL-8, interleukin-8; BAL, bronchoalveolar lavage; AM, alveolar macrophage; LPS, lipopolysaccharide; PGN, peptidoglycan; TNF-α, tumor necrosis factor-
alpha; Bud, budesonide.
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Discussion
In the present study, we showed that on AMs from the smok-

ers with and without COPD, Bud in itself or the combination 

of Bud and either PGN or LPS induced increased TLR2 

expression. This result is in line with our previous findings 

on primary human bronchial epithelial cells in which TLR2 

expression was enhanced when stimulated with the combina-

tion of Bud and a ligand.13 However, in primary bronchial 

epithelial cells, Bud had no effect in itself. It has been pre-

viously shown that COPD patients have a lower expression 

of TLR2 on sputum neutrophils than that of the healthy 

nonsmokers,9 and AMs from smokers showed a decreased 

expression of TLR2.10 However, the expression of TLR2 on 

AMs in this cohort did not differ between the groups, neither 

when isolated directly nor after ex vivo incubation in the 

cell culture medium.3 The discrepancy of TLR2 expression 

in these studies could be both due to different disease stages 

in the COPD groups and different methods used to measure 

protein and mRNA levels. It is reasonable to assume that the 

increasing TLR2 expression might indicate an enhanced host 

immune defense against bacteria with beneficial effects by 

reducing bacterial airway colonization. According to Imasato 

et al,16 glucocorticosteroids synergistically increase nontype-

able Haemophilus influenza-induced TLR2 expression via 

enhancing the MAPK phosphatase-1 (MKP-1) expression. 

The upregulation of MKP-1 expression can inhibit the 

phosphorylation and activation of P38 MAPK, leading to 

the positive regulation of TLR2 expression. According to 

Southworth et al,17 dexamethasone alone could increase 

TLR2 expression in the COPD patients. We found that Bud 

in itself only increased TLR2 expression in the non-COPD 

groups. This finding may be due to the large interindividual 

variance in our COPD patients.

Bud with LPS or PGN significantly decreased LPS- or 

PGN-induced release of IL-8 and TNF-α in all the groups 

(except in smokers without COPD), similar to what has 

α α

α

Figure 2 Secretion of TNF-α in the BAL fluid AMs from healthy controls and smokers with and without COPD incubated for 6 hours in the control medium (A), LPS (B), 
and PGN (C) in the absence and presence of Bud.
Notes: Data are presented as median values and interquartile ranges. #Indicates P,0.05 for the effect of different stimuli (medium vs LPS/PGN). *Indicates P,0.05 for the 
effect of Bud (LPS/PGN vs LPS + Bud/PGN + Bud). ¤Indicates P,0.05 for the effect of LPS/PGN (Bud vs LPS + Bud/PGN + Bud). Different designators used for comparisons 
within groups and between groups.
Abbreviations: TNF-α, tumor necrosis factor-alpha; BAL, bronchoalveolar lavage; AM, alveolar macrophage; LPS, lipopolysaccharide; PGN, peptidoglycan; 
Bud, budesonide.
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been demonstrated in the previous studies.17–21 The lack 

of the effect of Bud regarding PGN stimulation and IL-8 

secretion in smokers without COPD could at least in part 

be due to higher secretion in both medium control situation 

and after PGN stimulation. Neither of these findings were 

seen regarding TNF-α secretion. Glucocorticosteroids effec-

tively control the inflammation by binding to their receptors 

(GRs)’ and switching off multiple activated inflammatory 

genes that encode for cytokines or chemokine production.12 

Therefore, the downregulation of LPS- or PGN-induced 

IL-8 and TNF-α production might be a consequence of 

inhibited activation of transcription factors, such as nuclear 

factor κB (NF-κB) or activator protein 1 (AP-1), directly or 

indirectly (by binding to GRs) induced by the glucocorti-

costeroid (Bud). These anti-inflammatory properties of Bud 

(inhibition of IL-8 and TNF-α release) appear paradoxical 

in the context of its increasing effect on TLR2 expression, 

which would likely increase the binding of PAMPs, leading 

to further activation of NF-κB and a subsequent release of 

proinflammatory cytokines or chemokines. Our finding that 

AMs from smokers without COPD expressed TLR2 signifi-

cantly more after costimulation with PGN and Bud, compared 

with both stimulation with Bud or PGN separately, together 

with the lack of inhibitory effect of Bud on IL-8 secretion 

after costimulation, might illustrate this paradox. Both non-

treated and PGN-treated AMs from smokers without COPD 

released more IL-8 than AMs from the healthy controls. This 

may indicate that AMs from smokers without COPD are more 

active and less sensitive to glucocorticosteroids regarding 

IL-8 release than the healthy controls.

The lack of increase in the cytokine release might be 

explained by the downstream blockage of the TLR2 receptor 

signaling by a glucocorticosteroid, and a mere increase in 

the amount of TLR2 does not relieve this blocking effect.22 

∆
∆

∆

α

∆

Figure 3 Expression of TLR2 mRNA in the BAL fluid AMs from the healthy controls and smokers with and without COPD incubated for 6 hours in the control medium 
(A), LPS (B), PGN (C), and TNF-α (D) in the absence and presence of Bud.
Notes: Data are presented as median values and interquartile ranges. *Indicates P,0.05 for the effect of Bud (medium/LPS/PGN vs Bud/LPS + Bud/PGN + Bud). ¤Indicates 
P,0.05 for the effect of PGN (Bud vs PGN + Bud). Different designators used for comparisons within groups and between groups.
Abbreviations: TLR2, toll-like receptor 2; mRNA, messenger RNA; BAL, bronchoalveolar lavage; AM, alveolar macrophage; LPS, lipopolysaccharide; PGN, peptidoglycan; 
TNF-α, tumor necrosis factor-alpha; Bud, budesonide.
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Besides, the changes in the cytokine levels may take place 

at a later stage, which is beyond the stimulation time in this 

experiment (6 hours). To identify the role of TLR signaling 

in IL-8 secretion and whether IL-8 secretions are driven 

by the TLR pathways, we blocked TLR2 and TLR4 with 

the corresponding antibodies. After blocking, there was a 

tendency of decreased LPS- or PGN-induced-IL-8 secre-

tion. The inhibitory effect of Bud on PGN-induced IL-8 

secretion tended to increase further after TLR2 blocking in 

all the groups. These results might imply that TLR2 and/or 

TLR4 may play a role in AM activation as a response to LPS/

PGN stimulation. Also, the inhibitory effect of Bud is partly 

mediated through the TLR2 and/or TLR4 pathway.

A limitation of this study is the small study sample 

and the great interindividual variance, which diminishes 

the statistical power. In addition, we stimulated AMs 

for 6 hours and we only made our analysis at one single 

time point. It cannot be denied that the stimulated effects 

may take place after a longer stimulation. Despite this, we 

found significant effects of TLR ligands or endogenous 

ligand stimulation in the absence or presence of a glucocor-

ticosteroid. Although significant effects were demonstrated 

in smokers but not in controls, there were no statistically 

significant differences between nonsmokers and smokers. 

We thus found consistently higher expression of TLR2 

on AMs from smokers with and without COPD than from 

controls when AMs were cocultured with Bud and LPS/

PGN, while there was no significant increase in TLR2 

expression in the healthy controls. It is therefore reasonable 

to believe that there is a difference between nonsmoking 

controls and smokers with and without COPD. Our results 

indicate that smokers who are more likely to have bacterial 

colonizations than the healthy individuals will benefit from 

a glucocorticosteroid.

α

∆

∆
∆

∆

Figure 4 Expression of TLR4 mRNA in the BAL fluid AMs from the healthy controls and smokers with and without COPD incubated for 6 hours in the control medium (A), 
LPS (B), PGN (C) and TNF-α (D) in the absence and presence of Bud.
Notes: Data are presented as median values and interquartile ranges. #Indicates P,0.05 for the effect of different stimuli (medium vs LPS/TNF-α). ¤Indicates P,0.05 for the 
effect of LPS/PGN (Bud vs LPS + Bud/PGN + Bud). Different designators used for comparisons within groups and between groups.
Abbreviations: TLR4, toll-like receptor 4; mRNA, messenger RNA; BAL, bronchoalveolar lavage; AM, alveolar macrophage; LPS, lipopolysaccharide; TNF-α, tumor necrosis 
factor-alpha; PGN, peptidoglycan; Bud, budesonide.
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Figure 5 Inhibition of IL-8 secretion in response to PGN (A–C) or LPS (D–F) stimulation by Bud after preincubation without or with TLR2/TLR4 antibodies from the 
healthy controls and smokers with and without COPD.
Notes: Values are presented as percentage of IL-8 secretion stimulated by PGN (A–C) or LPS (D–F). Data are presented as median values and interquartile ranges.
Abbreviations: IL-8, interleukin-8; PGN, peptidoglycan; LPS, lipopolysaccharide; TLR2, toll-like receptor 2; TLR4, toll-like receptor 4; Bud, budesonide.

Conclusion
By costimulating AMs with LPS/PGN and a glucocortico

steroid or stimulation with a glucocorticosteroid itself, we 

found that on the one hand glucocorticosteroids increased 

TLR2 expression in smokers that might have beneficial 

effects associated with an improved host defense and on 

the other hand they attenuated the release of proinflamma-

tory cytokines (TNF-α) and chemokines (IL-8) in both the 

healthy controls and smokers with and without COPD as 

an expression of an anti-inflammatory response. Therefore, 
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our findings might contribute to the understanding of why 

glucocorticosteroid therapy, which strengthens our immune 

defense pathway, has implication during exacerbation caused 

by microorganisms.
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