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ABSTRACT 

 

Airway dendritic cells (DCs) play a key role in smoke-related lung diseases, however, acute 

effects of tobacco smoke on human airway DCs in vivo are unknown.  

 

Sixteen smokers underwent bronchoalveolar lavage at two time points: directly after a 4-hour 

period of non-smoking (no smoke exposure) and directly after a 4-hour period during which 8 

cigarettes were smoked (acute smoke exposure). Using flow cytometry, myeloid DCs (mDCs) 

and plasmacytoid DCs (pDCs) as well as function-associated surface molecules on mDCs 

were analysed in bronchoalveolar lavage fluid (BALF) and in blood.  

 

Numbers of macrophages, lymphocytes, neutrophils, eosinophils and pDCs were unchanged 

in BALF after acute smoke exposure, as compared to no smoke exposure. In contrast, there 

was a strong increase of mDCs in BALF and a concomitant decrease of mDCs in blood after 

acute smoke exposure. In addition, acute smoke exposure led to an increase in the expression 

of the surface molecules BDCA-1 and BDCA-4 and a decrease in the expression of the lung 

homing receptor CCR5 on mDCs in BALF. 

 

Acute tobacco smoke inhalation results in an immediate and selective recruitment of mDCs 

into human airways, which might reflect the very early reaction of the adaptive immune 

system to smoke exposure. 
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INTRODUCTION 

 

Cigarette smoking is the main risk factor for the development of inflammatory lung diseases 

such as chronic obstructive pulmonary disease (COPD) [1, 2] or Pulmonary Langerhans Cell 

Histiocytosis (PLCH) [3, 4]. The mechanisms leading to these diseases are still incompletely 

understood [5]. However, the accumulation of dendritic cells (DCs) and lymphocytes within 

the lung, and their association with disease severity, suggest that adaptive immune responses 

play a role in these diseases [4-9]. Airway DCs initiate and control adaptive immune 

responses in the lung [10]. After antigen uptake in the airways [11], DCs migrate to the 

draining lymph nodes in order to present antigenic information to specialised lymphocytes, 

which organise an inflammatory response against the encountered antigen [10]. In addition, 

DCs can also present antigens locally to lymphocytes within the lung parenchyma [9, 12]. 

 

Chronic cigarette smokers display a characteristic increase in the amount of Langerhans cells, 

a subtype of myeloid DCs (mDCs), in the airways [13-15]. Even more Langerhans cells are 

found in the airways of smokers with COPD [6] or PLCH [3, 16]. However, the significance 

of the Langerhans cell phenotype for the pathogenesis of these diseases is still unknown. 

Using a recently described flow cytometric method to analyse DCs in human bronchoalveolar 

lavage fluid (BALF) [17, 18], we have characterised the expression of function-associated 

surface molecules on airway mDCs in chronic cigarette smokers [15]. Airway mDCs of 

smokers display an increased expression of the co-stimulatory molecules CD80 and CD86, 

but a reduced expression of the lymph node homing receptor CCR7 [15]. These findings led 

to the hypothesis that mDCs of smokers might have an increased ability to induce T-cell 

responses, but a reduced ability to migrate to draining lymph nodes [15].   
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In contrast to the effects of chronic tobacco smoke exposure, there is currently no information 

on the acute effects of tobacco smoke on airway DCs in vivo. Animal models exploring 

airway DCs have used protocols with tobacco smoke exposures for at least one day [19]. 

Human studies exploring acute effects of smoking on pulmonary immune cells did not 

investigate airway DCs [20, 21]. It was the aim of this study, therefore, to investigate the 

effects of acute tobacco smoke exposure on the number and surface molecule expression of 

human airway DCs in vivo. Using the above mentioned flow cytometric method [17, 18], we 

analysed mDCs and plasmacytoid DCs (pDCs) in BALF directly after a 4-hour period of 

acute smoke exposure and compared the results intraindividually with parameters obtained 

directly after a 4-hour period of smoking abstinence. We chose this early time point of 

analysis in order to test a possible rapid reaction of the adaptive immune system in the 

airways. This decision was based on previous data from McWilliam and colleagues who 

described a rapid influx of DCs into the airways of rats, peaking already 2 hours after antigen 

exposure [22]. 
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METHODS 

Participants  

The participants were recruited in Rostock (Germany), using the following inclusion criteria: 

1. age between 20 and 50 years, 2. current smoker of at least 10 cigarettes per day. Exclusion 

criteria were as follows: 1. any history of chronic diseases, 2. any regular medication, 3. any 

signs of a respiratory tract infection within the last 2 weeks prior to bronchoscopy. The study 

was approved by the local ethics committee of Rostock (Germany). The study was registered 

with www.clinicaltrials.gov (NCT00740896). All participants gave their written informed 

consent.  

 
 

Study design 

All participants were examined in the Department of Pneumology (University of Rostock) at 

two different time points (A and B), with a 3 weeks interval in between. At both time points, 

participants were allowed to smoke ad libitum until 7 am (Fig. 1). At time point A (“no smoke 

exposure”), the participants refrained from smoking between 7 am and 11 am. At time point B 

(“acute smoke exposure”), participants smoked 8 cigarettes between 7 am and 11 am. At both 

time points, participants underwent bronchoscopy (with bronchoalveolar lavage) between 11 

and 12 am. In order to exclude that the sequence of bronchoscopies would influence any of 

the parameters measured in BALF, a crossover design was chosen. Time point A was 

followed by time point B in the first group (8 participants) while this sequence was reversed 

in the second group (8 participants)(Fig. 1). The participants were randomized into the two 

groups of the study. Directly before each bronchoscopy, lung function was assessed using 

body plethysmography (Masterscreen, Jaeger, Viasys, Hoechberg, Germany). Then, a venous 

cannula was placed, and 10 ml of blood were taken for laboratory analyses and for the 

quantification of DCs in blood. Afterwards, bronchoscopy was performed, with an inhalation 
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(Pari-Boy, Starnberg, Germany) of 4 % lidocaine for 15 minutes prior to the procedure. The 

analyst of the flow cytometric data (K.B.) was blinded to the exposure assignment of the 

participants. The clinical investigators who supervised the participants and performed the 

blood collections and bronchoscopies were informed about the intervention. 

 
 
Bronchoalveolar lavage, flow cytometry and enzyme-linked immunosorbent assay 

Bronchoalveolar lavage was performed using flexible bronchoscopes (Olympus, Hamburg, 

Germany). The bronchoscope was wedged into a subsegment of the right middle lobe and a 

total of 100 ml prewarmed sterile saline was instilled. The fluid was recovered by gentle 

aspiration. BALF cells were isolated and counted as described [17, 18]. DCs in BALF were 

analysed with four-colour flow cytometry as described [17, 18], using the antibody panel 

detailed in Table 1. Blood DCs were analysed in freshly collected EDTA-blood using a 

similar approach [17, 18]. Dead cells are excluded in the DC analyses because the initial 

gating step (which excludes highly fluorescent lineage-positive cells) also excludes highly 

autofluorescent cells such as dead cells [17, 18]. Surface molecule expression on mDCs was 

quantified in histogram-plots as described [17, 18]. The chemokines CCL2, CCL3, CCL5, 

CCL20, CXCL10 and CXCL12 were analysed in cell-free BALF supernatants using 

commercially available enzyme-linked immunosorbent assays (ELISA) according to the 

manufacturer´s instructions (DuoSet, R&D Systems, Minneapolis, USA). 

 

Statistical analysis 

Data were analysed using SPSS (Chicago, IL, USA). Most parameters were not normally 

distributed. Therefore, parameters were calculated as medians (minimum - maximum). The 

comparison of parameters between the time points A (smoking cessation) and B (acute smoke 

exposure) was performed using the Wilcoxon test for related samples. Probability values of p 

< 0.05 were regarded as significant.  
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RESULTS 

Characteristics of the participants 

Sixteen current smokers (11 males, 5 females) were included in the study based on our 

inclusion and exclusion criteria. The median age was 27 (23 - 49) years, and the median body 

mass index 23.5 (18.6 - 29.8) kg/m2. The participants smoked a median of 13 (10 - 30) 

cigarettes per day, and the median duration of smoking was 12 (4 - 33) years. This resulted in 

a median smoking history of 7 (2 - 35) pack years. Lung function parameters of the 

participants (prebronchodilator values) are given in Table 2. There was no significant 

difference in any of the lung function parameters between the two time points (Table 2). 

Three out of 16 participants (19%) had a prebronchodilator FEV1/FVC ratio < 70% (at both 

time points), but did not report signs or symptoms of COPD.  

 

Differential cell counts in blood and BALF 

Total and differential leukocyte counts in blood and BALF are detailed in Table 2. There was 

no significant difference in total leukocyte counts or the precentages of macrophages, 

lymphocytes, neutrophils and eosinophils in BALF between the two time points (Table 2). In 

blood, total leukocyte counts and the percentages of lymphocytes and neutrophils did not 

differ between the time points. In contrast, there was a significant decrease in the percentages 

of monocytes and eosinophils in peripheral blood after acute smoke exposure (Table 2).  

 

DC counts in blood and BALF 

The percentage and the total number of mDCs and pDCs in BALF and blood are detailed in 

Table 3. The mDCs, but not pDCs, were increased in BALF and decreased in blood after 

acute smoke exposure, as compared to no smoke exposure (Table 3 and Fig. 2). Of note, the 

two participants with the highest numbers of mDCs in BALF (> 4000 mDCs / ml BALF after 
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4 hours of smoking cessation) did not show a further increase of mDCs in BALF after acute 

smoke exposure (Fig. 2). 

 

Chemokines in BALF 

To identify potential mechanisms leading to a DC recruitment into the airways after smoke 

exposure, we analysed chemokines known to be involved in DC attraction in BALF. There 

was no significant difference in the BALF concentrations of CCL20 (MIP-3-alpha) and 

CXCL10 (IP-10) between time point A and B (Table 3). Concentrations of the chemokines 

CCL2 (MCP-1), CCL3 (MIP-1-alpha), CCL5 (RANTES) and CXCL12 in BALF were below 

the respective detection limit in the majority of the samples, and could therefore not be 

evaluated (data not shown).  

 

Function-associated surface molecules on mDCs in BALF 

The low median number of pDCs (42 - 100 pDCs per ml BALF, Table 2) precluded a 

statistically reliable flow cytometric quantification of pDC surface molecules in BALF, and 

was, therefore, not performed. In contrast, a panel of function-associated surface molecules 

could be analysed on mDCs in all participants at both time points (Table 4). There was a 

significant increase in the expression of BDCA-1 (CD1c) and BDCA-4 (Neuropilin-1), but no 

significant change in the expression of CD1a and Langerin on mDCs in BALF after acute 

smoke exposure, as compared to no smoke exposure (Table 4). The expression of the lung 

homing receptor CCR5 on BALF mDCs was significantly decreased after acute smoke 

exposure. There was a non-significant trend towards an increased expression of the 

macrophage mannose receptor (MMR; CD206) on BALF mDCs after acute smoke exposure. 

The expression of the co-stimulatory molecules CD80 and CD86, the lymph node homing 

receptor CCR7 and the maturity marker CD83 was not significantly different between the 

time points (Table 4). 
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DISCUSSION 

 

This study is the first to identify the acute effects of tobbaco smoke exposure on the adaptive 

immune system in human airways in vivo. We show that there is an immediate and selective 

recruitment of mDCs, but not pDCs, into the airways within hours after acute tobacco smoke 

exposure. In addition, we demonstrate specific changes in the expression of function-

associated surface molecules on airway mDCs after acute tobacco smoke exposure. Thus, our 

in vivo study provides important new information about the impact of tobacco smoke 

inhalation on the adaptive immune system in the human lung. 

 

Animal studies showed that there is an increase in mDCs [19] with the Langerhans cell 

phenotype [23] in the airways after chronic tobacco smoke exposure. Human studies with 

chronic cigarette smokers have confirmed these findings [13-15]. Highest amounts of mDCs 

with a Langerhans cell phenotype are found in the airways of smokers with COPD [6] or 

PLCH [16]. Our study is the first to demonstrate that acute tobacco smoke exposure leads to 

an immediate recruitment of mDCs into human airways in vivo. This recruitment was 

selective, since there was no increase in pDCs or other immune cells (such as lymphocytes, 

granulocytes or macrophages) in BALF directly after tobacco smoke exposure. Of note, other 

particles such as allergens or infectious agents do not lead to a selective recruitment of this 

DC subpopulation into human airways [17, 18]. Therefore, tobacco smoke appears to be a 

unique stimulus for mDC recruitment.  

 

It is remarkable that we could identify a recruitment of mDCs into the airways already within 

one hour after a 4-hour period of tobacco smoke exposure. This finding is in line with data 

from McWilliam and colleagues [22] who described a very rapid influx of DCs into the 

airways of rats, peaking already 2 hours after antigen challenge. This influx of DCs preceeded 



 9

the influx of neutrophils, thus challenging the classical concept that neutrophils appear prior 

to cells of the adaptive immune system in the airways after antigen exposure [22]. Therefore, 

the studies by McWilliam and colleagues indicated that DC recruitment is an integral part of 

the early phase of the immune response in the airways. However, studies confirming such an 

early DC recruitment in human airways have been lacking. By demonstrating the immediate 

and selective recruitment of mDCs into the airways directly after acute smoke exposure, our 

study confirms the postulate of McWilliam and colleagues [22] for the first time in humans.  

 

The mechanisms leading to the recruitment of mDCs following tobacco smoke exposure are 

still unclear. Of note, there was no increase of the well-established mDC attracting chemokine 

CCL20 [6] in BALF directly after acute smoke exposure. This finding suggests that other 

mechanisms may lead to the recruitment of mDCs into the airways after acute smoke 

exposure. However, it has to be emphasised that unchanged CCL20 concentrations after acute 

smoke exposure do not exclude any involvement of this chemokine in tobacco smoke induced 

inflammation and mDC recruitment. On one hand, the BALF concentrations of CCL20 could 

already be increased due to the underlying chronic smoke exposure of the participants. On the 

other hand, the BALF concentrations of this chemokine could increase several hours or days 

after acute smoke exposure. Therefore, the chosen time point (directly after smoke exposure) 

might be too early to observe a smoke-induced increase of this chemokine. 

 

In our previous study, we found a strong increase in the expression of the surface molecules 

BDCA-1 (CD1c) and BDCA-4 (Neuropilin-1) on airway mDCs of chronic cigarette smokers 

[15]. In the present study, we confirmed the strong expression of these surface molecules on 

mDCs of smokers. In addition, we showed that acute smoke exposure was associated with a 

further increase in the expression of BDCA-1 and BDCA-4 on airway mDCs. Thus, the 

findings of the previous and the current study are consistent and point to a specific effect of 
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tobbaco smoke on the BDCA expression profile of human airway mDCs. The functional 

significance of these findings is currently unknown and further studies are needed to define 

the specific role of BDCA-1 and BDCA-4 in smoke-related lung diseases.  

 

It is of note that acute tobacco smoke exposure did not result in an increased expression of the 

maturity marker CD83 on airway mDCs. In our previous study comparing chronic smokers 

with never-smokers, there was even a trend towards a decrease in CD83 expression on airway 

mDCs in chronic smokers [15]. These findings are in line with recent reports showing 

decreased amounts of CD83 expressing cells in the airways of smokers with asthma [24] or 

COPD [25]. There are two possible scenarios which may explain these observations. On one 

hand, decreased CD83 expression on airway mDCs might simply reflect the influx of 

immature mDCs into the airways. This has been suggested in a study exploring the effects of 

an allergen challenge on airway DCs in patients with asthma [17]. On the other hand, it has 

been hypothesised that DC maturation may be specifically attenuated by tobacco smoke [26]. 

Indeed, cigarette smoke extracts [27] as well as sputa from patients with COPD [28] have 

been shown to suppress DC maturation in vitro. The increase in airway mDCs and the parallel 

decrease in peripheral blood mDCs might support the first hypothesis (influx of immature 

DCs). However, the downregulation of the lung homing receptor CCR5 on mDCs after acute 

smoke exposure is compatible with a more mature phenotype of the mDCs. In addition, acute 

smoke exposure led to an increase in the expression of BDCA-4 on airway mDCs, a surface 

molecule completely absent on immature blood mDCs [15]. Finally, the trend to an increased 

expression of the macrophage mannose receptor (MMR) does not necessarily point to a more 

immature phenotype of the DCs after smoke exposure because there is no correlation between 

the expression of MMR and CD83 on human BALF mDCs [15]. Thus, the issue whether the 

lacking increase in CD83 expression on airway mDCs following tobacco smoke exposure is 

reflecting an influx of immature DCs or a partial inhibition of mDC maturation is still open. 
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The downregulation of the lung homing chemokine receptor CCR5 [29] after acute smoke 

exposure, which was also found in our previous study in chronic smokers [15], is compatible 

with the idea that mDCs mature after infiltration of the airways and after antigen uptake. In 

contrast, the chemokine receptor CCR7, which is essential for the migration of mDCs to the 

draining lymph nodes [30-32], was not upregulated. In our previous study comparing chronic 

smokers with never-smokers, there was even a decreased expression of CCR7 on airway 

mDCs in chronic smokers [15]. Thus, cigarette smoke appears to suppress an upregulation of 

CCR7 on mDCs, which would be expected during a normal maturation process after antigen 

uptake [33]. In an in vitro study by Vassallo and colleagues using human monocyte-derived 

DCs, cigarette smoke extracts (but not nicotine alone) suppressed the maturation-associated 

expression of CCR7 [27]. Of note, cigarette smoke extracts did not alter the low-level 

expression of CCR7 on immature DCs, but inhibited the lipopolysaccharide-induced up-

regulation of CCR7 in a dose-dependent fashion [27]. Therefore, given the essential role of 

CCR7 for the migration of mDCs to mediastinal lymph nodes [30-32], cigarette smoke could 

reduce the migratory potential of maturing mDCs. This might have pathogenetic implications 

for diseases such as COPD [6] or PLCH [16, 34].  

 

However, this will require further studies and should, therefore, be discussed with caution. 

For instance, we measured different levels of CCR7 expression in the previous study [15] and 

in the current study although the same antibody clone (Clone 150503) from the same 

manufacturer (R&D Systems) with the same label (APC) was used. The only difference 

between the studies was that we used another batch of this antibody. It might, therefore, be 

speculated that the APC labeling of the antibodies was different in the two batches. The 

general conclusions of the studies regarding CCR7 are not affected by this methodological 

issue since all patients in one study were analysed with the same batch of the antibody. 

However, the difference in the general CCR7 expression level reveals that there is currently 
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no established expression level of CCR7 on airway mDCs in human BALF. In addition, the 

expression of CCR7 on mDCs is known to be strongly dependent on the compartment under 

study (BALF, lung parenchyma or mediastinal lymph nodes). Therefore, further studies on the 

expression and functional role of CCR7 on DCs in human airways are needed to reach more 

definite conclusions. 

 

Our study has two major limitations. First, we investigated the effects of acute tobbaco smoke 

exposure on airway DCs in chronic smokers, but not in never-smokers. Thus, the results were 

confounded by preexisting smoke-induced changes in the airways. In order to fully 

understand the impact of tobacco smoke on airway DCs in humans, it would be desirable to 

test the impact of acute smoke exposure on airway DCs in tobacco smoke-naïve airways. 

However, an acute smoke exposure in non-smoking individuals was considered ethically 

inappropriate and was, therefore, rejected. Second, we did not study the trafficking of airway 

DCs to the mediastinal lymph nodes after acute smoke exposure. This would be of interest to 

elucidate the functional consequences of the changes in the number and surface molecule 

expression of airway mDCs. However, in order to study the trafficking of airway DCs to the 

mediastinal lymph nodes in humans it would not only be necessary to mark airway DCs 

before smoke exposure, but also to surgically obtain mediastinal lymph nodes after smoke 

exposure. These procedures were considered ethically unacceptable. 

 

In conclusion, this study shows, for the first time, an immediate and selective recruitment of 

mDCs into human airways and a specific modulation of several function-associated surface 

molecules on mDCs after acute tobacco smoke exposure in vivo. These data are the basis for 

future studies on the role of the adaptive immune system in tobacco smoke-related lung 

diseases.  
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FIGURE LEGENDS 

 
 
Figure 1. Study design 

Participants were allowed to smoke ad libitum until 7 am of the first time point, and in the 3 

weeks interval between the time points. Time point A (no smoke exposure for 4 hours) was 

followed by time point B (acute smoke exposure for 4 hours) in the first group (n = 8 

participants; left side of the graph) while this sequence was reversed in the second group (n = 

8 participants; right side of the graph). At both time points, participants underwent body 

plethysmography, blood collection and  bronchoscopy (with bronchoalveolar lavage) between 

11 and 12 am. 

 

 

Figure 2. Total mDC counts in BALF and blood 
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Shown are total mDC counts per ml BALF (left graph) and total mDC counts per ml 

peripheral blood (right graph), after 4 hours of non-smoking and after 4 hours of acute smoke 

exposure. Each dot represents one participant at one time point, both time points of one 

participant are connected with a line. Bars display median values of the mDC numbers per ml 

(n = 16 participants et each time point). 
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TABLES 

 

 Antigen Label Clone Company 
CD3 FITC SK7 BD Biosciences 

CD14 FITC MφP9 BD Biosciences 
CD16 FITC 3G8 BD Biosciences 
CD19 FITC SJ25C1 BD Biosciences 
CD20 FITC L27 BD Biosciences 

Lineage Cocktail 

CD56 FITC NCAM16.2 BD Biosciences 
CD1a PE NA1/34 Dako 

CD11c PE S-HCL-3 BD Biosciences 
Langerin  PE DCGM4 Beckmann Coulter 
HLA-DR PerCP L243 BD Biosciences 
BDCA-1 APC AD5-8E7 Miltenyi Biotec 
BDCA-3 APC AD5-14H12 Miltenyi Biotec 
BDCA-4 APC AD5-17F6 Miltenyi Biotec 
CD11c APC S-HCL-3 BD Biosciences 
CD80 APC MEM-233 ImmunoTools 
CD83 APC HB15e Invitrogen 
CD86 APC BU63 Invitrogen 
CCR5 APC 2D7 BD Biosciences 
CCR7 APC 150503 R&D Systems 

Other antibodies 

MMR (CD206) APC 19.2 BD Biosciences 
 
 
 

Table 1. Antibodies used for four-colour flow cytometry 

Abbreviations denote: Blood Dendritic Cell Antigen (BDCA), Fluorescein isothiocyanate 

(FITC), Phycoerythrin (PE), Allophycocyanin (APC), Peridinin chlorophyll protein (PerCP), 

Macrophage Mannose Receptor (MMR). 
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 Parameter No smoke exposure 
(4 hours) 

Acute smoke exposure 
(4 hours) 

p - 
value 

FVC (% pred.) 103.3 (88.1 - 123.8) 100.5 (87.4 - 123.8) 0.71 
FEV1 (% pred.) 93.2 (75.7 - 123.8) 95.3 (59.3 - 124.9) 0.74 
FEV1 / FVC (%) 80.2 (64.2 - 87.9) 81.3 (58.5 - 87.7) 0.80 
MEF25 (% pred.) 51.5 (19.3 - 100.1) 55.2 (11.9 - 100.9) 0.44 
RV / TLC (%) 18.0 (9.7 - 42.8) 20.1 (9.3 - 36.5) 0.59 

Lung 
function 

TLC (% pred.) 98.5 (84.8 - 115.9) 97.0 (72.0 - 123.4) 0.78 
Leukocytes (106 / ml) 7.5 (4.2 - 10.8) 6.6 (4.2 - 10.0) 0.35 

Monocytes (%) 9.2 (6.3 - 12.9) 8.2 (4.8 - 9.9) < 0.01
Lymphocytes (%) 34.5 (19.7 - 53.0) 30.8 (16.5 - 60) 0.47 
Neutrophils (%) 52.2 (31.6 - 63.1) 57.7 (32.0 - 73.5) 0.06 

Blood 
cell 

counts 

Eosinophils (%) 3.3 (0.5 - 9.5) 2.1 (0.2 - 9.3) < 0.05
Recovery (ml) 59 (45 - 70) 55 (32 - 65) 0.12 

Leukocytes (106 / ml) 0.12 (0.02 - 0.46) 0.11 (0.03 - 0.29) 0.61 
Macrophages (%) 96.0 (89.2 - 98.6) 95.7 (85.4 - 99.4) 0.27 
Lymphocytes (%) 2.4 (0.8 - 6.8) 3.2 (0.4 - 10.8) 0.09 
Neutrophils (%) 0.9 (0.0 - 3.8) 1.1 (0.0 - 4.0) 0.48 

BALF 
cell 

counts 

Eosinophils (%) 0.3 (0.0 - 1.0) 0.3 (0.0 - 3.0) 0.43 
 

 

Table 2. Lung function and differential cell counts 

Lung function parameters and total and differential cell counts were measured in peripheral 

blood and in BALF after 4 hours of non-smoking (time point A; n = 16; left column) and after 

4 hours of acute smoke exposure (time point B; n = 16; right column). Parameters are 

displayed as median values (minimum - maximum). Blood or BALF cell subpopulations are 

given as % of all leukocytes. Abbreviations denote: Forced vital capacity (FVC), Forced 

expiratory volume in the first one second (FEV1), ratio of the FEV1 to the forced vital capacity 

(FEV1/FVC), Mean expiratory flow when 75% of the FVC is exhaled (MEF25), total lung 

capacity (TLC), ratio of the residual volume to the total lung capacity (RV/TLC). 
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 Parameter No smoke exposure 
(4 hours) 

Acute smoke exposure 
(4 hours) 

p - 
value 

mDCs (% leukocytes) 0.18 (0.07 - 0.37) 0.15 (0.07 - 0.32) < 0.05
mDCs (cells / ml blood) 13434 (4368 - 30744) 8456 (4128 - 29248) < 0.05

pDCs (% leukocytes) 0.21 (0.11 - 0.33) 0.23 (0.10 - 0.36) 0.42 
DCs 

in Blood 

pDCs (cells / ml blood) 14854 (6864 - 21000) 14380 (6490 - 25404) 0.96 
mDCs (% leukocytes) 0.89 (0.26 - 1.99) 0.93 (0.58 - 2.9) < 0.05

mDCs (cells / ml BALF) 685 (110 - 4830)  1494 (230 - 4500) < 0.05
pDCs (% leukocytes) 0.07 (0.00 - 0.22) 0.06 (0.01 - 0.35) 0.30 

DCs 
in BALF 

pDCs (cells / ml BALF) 42 (0 - 401) 100 (10 - 228) 0.26 
CCL20 (pg / ml) 13.3 (4.0 - 121.5) 12.3 (6.3 - 49.2) 0.87 Chemokines 

in BALF CXCL10 (pg /ml) 10.3 (8.0 - 52.8) 14.2 (8.0 - 44.9) 0.75 
 

 

Table 3. DC counts and chemokine concentrations 

The table displays the percentage and total number of myeloid DCs (mDCs) or plasmacytoid 

DCs (pDCs) in BALF and blood and the concentrations of the chemokines CCL20 and 

CXCL10 in BALF, after 4 hours of non-smoking (time point A; n = 16; left column) and after 

4 hours of acute smoke exposure (time point B; n = 16; right column). All parameters are 

displayed as median values (minimum - maximum).  
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Surface molecule No smoke exposure 
(4 hours) 

Acute smoke exposure 
(4 hours) 

p - 
value 

CD1a (% mDCs) 86.9 (60.6 - 93.1) 88.8 (76.7 - 93.8) 0.09 
Langerin (% mDCs) 70.8 (45.8 - 83.8) 71.0 (53.6 - 87.1) 0.22 
BDCA-1 (% mDCs) 87.7 (65.3 - 93.7) 90.2 (64.1 - 96.0) < 0.05
BDCA-3 (% mDCs) 73.9 (49.9 - 89.6) 74.6 (52.9 - 89.4) 0.45 
BDCA-4 (% mDCs) 38.1 (9.1 - 68.1) 47.0 (22.4 - 67.2) < 0.05

CD80 (% mDCs) 72.0 (48.6 - 83.4) 73.4 (42.6 - 83.3) 0.29 
CD83 (% mDCs) 23.3 (11.6 - 42.8) 20.3 (10.0 - 45.3) 0.91 
CD86 (% mDCs) 89.5 (66.2 - 97.6) 91.0 (38.5 - 89.1) 0.39 
MMR (% mDCs) 70.9 (28.6 - 85.8) 76.6 (39.4 - 83.1) 0.10 
CCR5 (% mDCs) 30.2 (9.9 - 62.2) 27.7 (3.6 - 50.2) < 0.05
CCR7 (% mDCs) 7.3 (3.2 - 15.2) 5.9 (1.1 - 13.2) 0.41 

 

 
 
Table 4. Surface molecule expression on mDCs in BALF 

The table displays the expression of function-associated surface molecules on myeloid DCs 

(mDCs), after 4 hours of non-smoking (time point A; n = 16; left column) and after 4 hours of 

acute smoke exposure (time point B; n = 16; right column). All parameters are displayed as 

median values (minimum - maximum). Abbreviations denote: BDCA, blood dendritic cell 

antigen; MMR macrophage mannose receptor. 
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