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Background: Smoking causes an influx of inflammatory cells including Langerhans cells

(LCs) into the airways and lung parenchyma, thus inducing histological changes, such as

emphysema and fibrosis. We examined the distribution and quantity of Langerhans cells in

relation to clinical and pathological findings and explored the association between

smoking and accumulation of Langerhans cells in the respiratory bronchioles.

Methods: Fifty-three patients who underwent lung resection for primary diseases, including

lung cancer, were recruited. Histological and immunohistochemistry analyses were uti-

lized to identify CD1a-positive Langerhans cells in peripheral lung specimens separated

from primary lesions. Clinical characteristics, pathological changes, and distribution of

CD1a-positive Langerhans cells distribution were assessed.

Results: Of the 53 patients, 35 were smokers and 18 were non-smokers. The number of

Langerhans cells in the respiratory bronchioles was significantly increased in smokers as

compared to that in non-smokers (p < 0.001). The number of Langerhans cells in smokers

was significantly higher in patients with mild emphysema than in those without emphy-

sema (p < 0.01). The high-LC group showed more frequent smoking-related histological

changes, such as respiratory bronchiolitis, parenchymal fibrosis, accumulation of macro-

phages, and smoking-related interstitial fibrosis, than the low-LC group. However, there

were no differences in the smoking indices and pulmonary functions of the groups.
vage fluid; BMI, Body mass index; COPD, Chronic obstructive pulmonary disease;
ic cell; FEV1, Forced expiratory volume in one second; FVC, Forced vital capacity;
quartile range; LC, Langerhans cell; PFT, Pulmonary function test; RB, Respiratory
rstitial fibrosis; UIP, Usual interstitial pneumonia; VC, Vital capacity.
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Conclusions: Selective accumulation of Langerhans cells in the respiratory bronchioles of

smokers may lead to the development of smoking-related pathological changes.

© 2021 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.
1. Introduction

Smoking, a major cause of chronic obstructive pulmonary

disease (COPD) and lung cancer [1‒3], induces histological

changes in lung parenchyma [4,5]. It causes interstitial lung

disease [6‒9] and is associated with specific histological

changes including respiratory bronchiolitis (RB), mucostasis,

peribronchiolar metaplasia, peribronchiolar fibrosis, emphy-

sema, subpleural fibrosis, cysts, accumulation of macro-

phages, and smoking-related interstitial fibrosis (SRIF) [10‒17].

Langerhans cells (LCs) are a well-characterized subset of

dendritic cells (DCs) found in the skin [18], mainly the

epithelium; they play an important role in activating cellular/

cytotoxic immune responses. Demedts et al. reported selec-

tive Langerhans cell accumulation in the small airways of

COPD patients, which initiated smoking-related airway

inflammation and contributed to destructive COPD processes,

even after smoking cessation [19,20]. The number of Langer-

hans cells were increased in the bronchoalveolar lavage fluid

(BALF) of smokers [21e23]. In pulmonary Langerhans cell

histiocytosis, Langerhans cells proliferating in the epithelia of

airways cause cystic and fibrotic lesions [24]. However, the

role of Langerhans cells in smoking-related lung pathology

remains unclear.

Bronchioles bridge bronchi and alveoli. Respiratory bron-

chioles contain alveoli in their walls and combine air ducts

with alveoli [10,25]. Reportedly, air remains longer in the res-

piratory bronchioles and alveolar ducts, as their diameters are

larger than those of the upper airways [25]. Anthracosis ini-

tiates mainly in the respiratory bronchioles [26]. Therefore,

the association between recruitment of Langerhans cells and

development of RB, which leads to the pathogenesis of

smoking-related lung diseases including COPD, requires

verification.

This study hypothesized that Langerhans cells might

infiltrate the respiratory bronchioles of smokers and cause

histological changes leading to peripheral parenchymal le-

sions. Thus, we investigated the distribution of Langerhans

cells, quantified Langerhans cells in 53 surgical specimens

from smokers and non-smokers, and analyzed the relation-

ship between the number of Langerhans cells and RB, in

relation to clinical findings.
2. Patients and methods

2.1. Study population

We examined histological changes in the lungs of 61 consec-

utive patients (42 smokers and 19 non-smokers) who under-

went lung resection for lung diseases (mainly lung cancer)

between June and December 2014 at Kumamoto University
Hospital, Japan. Among these, 53 patients were eligible,

whereas seven patients exhibiting complications that influ-

enced histological evaluation and one patient yielding inade-

quate specimens were excluded from the analysis. The study

was approved by the Institutional Review Board of Kumamoto

University Hospital (IRB No. 1831; July 7, 2014). As this was a

retrospective analysis, informed consent was not obtained

individually, but an opt-out method based on clinical practice

guidelines in Japan was used.

2.2. Clinical data

Clinical characteristics, preoperative pulmonary function

tests (PFTs), and chest computed tomography (CT) findings

were retrospectively obtained from each patient’s medical

records. Non-smokers were defined as those who have never

smoked. Those who had smokedwithin sixmonths of surgery

were defined as current smokers [11]. Both former and current

smokers were included as smokers. Spirometry was per-

formed according to the American Thoracic Society/European

Respiratory Society consensus guidelines [27]. The Japanese

Respiratory Society reference values for pulmonary function

were used to evaluate the percentage of predicted (% pre-

dicted) values [28]. The severity of emphysema was visually

assessed via chest CT by two independent chest physicians

(HI and HK) using the modified Goddard scoring system [29].

Six images were analyzed via three slices (upper, middle, and

lower lung fields) in both lungs and the average score of these

six images was considered as representative of the severity of

emphysema in each patient. Each image was classified as

normal (score 0),�5% affected (score 0.5),�25% affected (score

1), �50% affected (score 2), �75% affected (score 3), or > 75%

affected (score 4), with aminimumscore of 0 andmaximumof

4. Based on the average scores, all patients were classified into

four groups; (1) no emphysema, (2) mild emphysema (average

score < 1), (3) moderate emphysema (1 � average score < 2.5),

and (4) severe emphysema (average score � 2.5).
2.3. Histological evaluation

All lungs were intra-bronchially infused with 10% buffered

formalin for 12e24 h. Following resection, paraffin-embedded

sections were prepared. Histological specimens including

membranous bronchioles, respiratory bronchioles, and lung

parenchyma were obtained from peripheral lung tissue away

from the primary lesion. Sections of 4 mm thickness were cut,

deparaffinized in xylene, and rehydrated via an ethanol series

gradient. For histological evaluation, the lung specimens were

stained with hematoxylin and eosin (H&E). Immunohisto-

chemical analysis of Langerhans cells was performed using an

automated immunostainer (Ventana EX, Roche, Basel,

Switzerland). Antibodies against CD1a (1:25, DAKO, Santa

Clara, CA, USA) were used as a Langerhans cell marker [22,30].

https://doi.org/10.1016/j.resinv.2021.03.001
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Table 1 e Baseline characteristics of patients.

Non-smokers
(n ¼ 18)

Smokers
(n ¼ 35)

p
value

Age (years) 67.0 (61.0e76.0) 67.0 (64.0e73.0) 0.799

Sex (male, %) 2 (11.1) 23 (85.7) < 0.001

BMI 22.3 (19.2e24.0) 22.3 (19.9e25.1) 0.481

Smoking status

Never/former/

current

18/0/0 0/20/15 N.T.

Smoking index

(Pack-year)

0 (0e0) 46 (23e72) N.T.

Underlying diseases 0.369

Lung cancer 15 29

Metastatic lung

tumor

1 5

Others 2 1

Pulmonary function tests

%VC 96.7 (83.2e107.3) 90.8 (83.7e101.7) 0.366

FEV1/FVC (%) 76.3 (72.0e85.2) 72.7 (65.3e78.3) 0.048

%FEV1 97.6 (83.9e110.6) 83.0 (77.3e90.2) 0.004

CT findings

Emphysema 0 27 (77) < 0.001

Interstitial

pneumonias

0 7 (20) 0.081

Data are expressed as group median (interquartile range) or num-

ber of patients (%). The p values refer to comparisons between the

non-smoker and smoker groups.

Abbreviations: BMI, Body mass index; VC, Vital capacity; FEV1,

Forced expiratory volume in 1 s; FVC, Forced vital capacity; CT,

Computed tomography; N.T., not tested.
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Smoking-related histological changes, such as RB, muco-

stasis in the respiratory bronchioles, peribronchiolar meta-

plasia, peribronchiolar fibrosis, emphysema, parenchymal

fibrosis, subpleural collapse of the lung parenchyma, sub-

pleural fibrosis, subpleural cystic lesions, accumulation of

macrophages, and SRIF, were analyzed and evaluated by two

pathologists (AM and TT). We detected the fibrosis around

enlarged airspaces of emphysema as SRIF, according to the

study by Katzenstein et al. [14], and usual interstitial pneu-

monia (UIP) pattern fibrosis was not included.

An eyepiece micrometer (OLYMPUS, Tokyo, Japan) was

used to count Langerhans cell numbers (CD1a-positive DCs)

per mm2 in the respiratory bronchioles. We also counted the

number of Langerhans cells in the membranous bronchioles.

2.4. Statistical analysis

Data are expressed as the median (interquartile range [IQR],

25e75%) or the number of patients (%). Differences between

the two groups were calculated using the Mann-Whitney U

test. Categorical variables were assessed using Fisher’s exact

test. Correlation between the number of Langerhans cells in

the respiratory bronchioles and other variables, including

smoking indexes and PFTs, was evaluated using Spearman’s

rank correlation coefficient. Statistical analyses were per-

formed using the Statistical Package for Social Sciences Sta-

tistics (SPSS; IBM, Armonk, NY, USA). Statistical significance

was set at p < 0.05.
Table 2 e Histological findings in the lung parenchyma of
non-smokers and smokers.

Non-smokers
(n ¼ 18)

Smokers
(n ¼ 35)

p
value

Respiratory bronchiolitis 0 (0) 19 (54) < 0.001

Mucostasis in the

respiratory bronchioles

6 (33) 25 (71) 0.017

Peribronchiolar metaplasia 2 (11) 17 (49) 0.008

Peribronchiolar fibrosis 5 (28) 27 (77) < 0.001

Emphysema 4 (22) 28 (80) < 0.001

Parenchymal fibrosis 2 (11) 19 (54) 0.003

Subpleural collapse of the

lung parenchyma

11 (61) 25 (71) 0.539

Subpleural alveolar fibrosis 7 (39) 25 (71) 0.037

Subpleural cystic lesions 5 (28) 20 (57) 0.080

Accumulation of

macrophages

1 (6) 20 (57) < 0.001

SRIF 0 (0) 9 (26) 0.021

Pleural thickness and

fibrosis

14 (78) 29 (83) 0.719

Anthracosis 17 (94) 31 (89) 0.651

Data are expressed as number of patients (%). The p values refer to

comparisons between the non-smoker and smoker groups.

Abbreviations: SRIF, smoking-related interstitial fibrosis.
3. Results

3.1. Baseline characteristics

Of the 53 patients, 18 were non-smokers and 35 were former

or current smokers. Baseline characteristics of all patients are

summarized in Table 1. Themedian age in both groupswas 67.

There were significant differences between non-smokers and

smokers in sex proportion (p < 0.001). Among smokers, the

median smoking index was 46 (IQR, 23e72) pack-years,

ranging from 4 to 198. The most predominant underlying

disease justifying lung resection was lung cancer. Themedian

forced expiratory volume in 1 s/forced vital capacity ratio

(FEV1/FVC) and % FEV1 were significantly lower in the smoker

group than in the non-smoker group (p ¼ 0.048 and p ¼ 0.004,

respectively). Chest CT revealed that emphysema was more

frequent in smokers than in non-smokers (p < 0.001).

Emphysema was observed in 27 out of 35 smokers. They were

divided according to the severity of emphysema into different

groups comprising 16 cases of mild emphysema, eight of

moderate emphysema, and three of severe emphysema.

Interstitial pneumonia was observed in seven (20%) smokers.

No emphysema and interstitial pneumonia were found in

non-smokers.

3.2. Histological examinations

Specific histological findings in the lung parenchyma of non-

smokers and smokers are shown in Table 2. RB was found in

19 of 35 (54%) smokers, but none of the non-smokers had RB.
Mucostasis in the respiratory bronchioles, peribronchiolar

metaplasia, peribronchiolar fibrosis, emphysema, paren-

chymal fibrosis, subpleural alveolar fibrosis, and accumula-

tion of macrophages were observed significantly more

frequently in smokers. SRIF was observed in 9 (26%) smokers

https://doi.org/10.1016/j.resinv.2021.03.001
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Fig. 2 e The number of CD1a-positive Langerhans cells in

the respiratory bronchioles. The number of Langerhans

cells in the respiratory bronchioles of smokers (7.0 cells/

mm2, 2.0e12.0 cells/mm2) is significantly higher than that

of non-smokers (2.8 cells/mm2, 0.8e4.8 cells/mm2,

r e s p i r a t o r y i n v e s t i g a t i o n 5 9 ( 2 0 2 1 ) 5 1 3e5 2 1516
and this histological change, as with RB, was specific to

smokers. Representative histological changes are shown in

Supplemental Fig. S1.

3.3. Quantification of Langerhans cells in the respiratory
bronchioles

Langerhans cells in the respiratory bronchioles were

quantified and representative specimens indicating CD1a-

positive Langerhans cells in the respiratory bronchioles

are shown in Fig. 1. These Langerhans cells were mainly

located in the respiratory bronchioles of smokers and to a

lesser extent in the respiratory bronchioles of non-smokers.

The median number of CD1a-positive Langerhans cells in

the respiratory bronchioles was significantly increased

(p < 0.001) in smokers (7.0 cells/mm2) compared to that in

non-smokers (2.8 cells/mm2) (Fig. 2). By contrast, there was

no significant difference between the number of Langer-

hans cells in the membranous bronchioles, which are pre-

sent in the proximal portion of the respiratory bronchioles,

of smokers and non-smokers (p ¼ 0.992; Figs. 3 and 4).
Fig. 1 e The distribution and quantification of CD1a-positive Langerhans cells in the respiratory bronchioles of a non-

smoker and a smoker. Representative hematoxylin and eosin (H&E)-stained sections of the respiratory bronchioles in (A) a

non-smoker and (B) a smoker (magnification, 200X). Respiratory bronchioles, connecting to alveoli, are present. Several

macrophages are accumulated in the respiratory bronchioles. Mild fibrosis of the bronchiolar wall is observed in the

smoker. Representative sections demonstrate immunostaining in Langerhans cells. Dark brown staining indicates

membranes positive for CD1a. (C) CD1a-positive Langerhans cells are not observed around the respiratory bronchioles of the

non-smoker. (D) CD1a-positive Langerhans cells are present in the respiratory bronchioles (arrow) of the smoker. (For

interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

p < 0.001).

https://doi.org/10.1016/j.resinv.2021.03.001
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Fig. 3 e The distribution of CD1a-positive Langerhans cells in the membranous bronchioles of a non-smoker and a smoker.

Representative H&E-stained sections of the membranous bronchioles in (A) a non-smoker and (B) a smoker (magnification,

100X). Membranous bronchioles with ciliated columnar epithelium are shown. CD1a-positive Langerhans cells infiltrate the

epithelium of membranous bronchioles in (C) the non-smoker and (D) the smoker.

Fig. 4 e The number of CD1a-positive Langerhans cells in

the membranous bronchioles. The number of CD1a-

positive Langerhans cells is not significantly different

between non-smokers (18.3 cells/mm2, 4.0e29.3 cells/mm2)

and smokers (16.0 cells/mm2, 8.0e26.0 cells/mm2,

p ¼ 0.992).
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The median number of Langerhans cells in the respiratory

bronchioles was significantly increased (p < 0.05) in smokers

with emphysema (9.3 cells/mm2) compared to that in smokers

without emphysema (3.2 cells/mm2) (Supplemental Fig. S2).

There was no significant difference between the number of

Langerhans cells in the respiratory bronchioles of smokers

with COPD and those without COPD (p ¼ 0.927, data not

shown).

3.4. The relationship between the number of Langerhans
cells in the respiratory bronchioles and clinical findings

The number of Langerhans cells in the respiratory bronchioles

of smokers was analyzed based on the severity of emphysema

according to the modified Goddard’s classification of chest

CTs. The number of Langerhans cells was significantly higher

in patients with mild emphysema than in patients without

emphysema (p ¼ 0.006; Fig. 5), and decreased with increasing

severity of pulmonary emphysema. However, there was no

significant correlation between the number of Langerhans

cells and the smoking indices, % vital capacity (VC), FEV1/FVC

(% predicted), and %FEV1.

https://doi.org/10.1016/j.resinv.2021.03.001
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Fig. 5 e The relationship between the number of

Langerhans cells in the respiratory bronchioles of smokers

and the severity of emphysema in chest CT. The number of

Langerhans cells in the respiratory bronchioles of patients

with mild emphysema (10.8 cells/mm2, 6.9e16.8 cells/

mm2) is significantly higher than that in the respiratory

bronchioles of those without emphysema (3.2 cells/mm2,

1.2e4.8 cells/mm2) (p < 0.01).

Table 3 e Comparison of the clinical factors and
histological findings between low- and high-LC groups in
the respiratory bronchioles of smokers.

Low-LC group
(n ¼ 17)

High-LC
group (n¼ 18)

p
value

Smoking index (Pack-

year)

45 (17.5e74.3) 48.8 (38.0e72.0) 0.443

Pulmonary function tests

%VC 90.8 (83.2e109.9) 90.8 (83.6e97.6) 0.655

FEV1/FVC (%) 71.6 (61.3e78.4) 74.4 (67.6e79.8) 0.478

%FEV1 84.8 (72.0e103.5) 80.4 (77.3e87.4) 0.411

CT findings

Emphysema 10 (59) 17 (94) 0.018

Interstitial pneumonias 1 (6) 6 (33) 0.088

Histological findings

Respiratory bronchiolitis 5 (29) 14 (78) 0.007

Mucostasis in the

respiratory bronchioles

11 (65) 14 (78) 0.471

Peribronchiolar

metaplasia

6 (35) 11 (61) 0.181

Peribronchiolar fibrosis 12 (71) 15 (83) 0.443

Emphysema 12 (71) 16 (89) 0.229

Parenchymal fibrosis 6 (35) 13 (72) 0.044

Subpleural collapse of the

lung parenchyma

11 (65) 14 (78) 0.471

Subpleural alveolar

fibrosis

12 (71) 13 (72) 1.000

Subpleural cystic lesions 7 (41) 13 (72) 0.092

Accumulation of

macrophages

6 (35) 14 (78) 0.018

SRIF 0 (0) 9 (50) 0.001

Pleural thickness and

fibrosis

14 (82) 15 (83) 1.000

Anthracosis 16 (94) 15 (83) 0.603

Data are expressed as group median (interquartile range) or num-

ber of patients (%). The p values refer to comparisons between the

low-LC group and high-LC group.

Abbreviations: LC, Langerhans cell; VC, Vital capacity; FEV1, Forced

expiratory volume in 1 s; FVC, Forced vital capacity; CT, Computed

tomography; SRIF, smoking-related interstitial fibrosis.
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Smokers were stratified as “low-LC group” and “high-LC

group” according to the number of Langerhans cells, using the

median number of Langerhans cells (7.0 cells/mm2) in the

respiratory bronchioles. Emphysema was significantly more

frequent (p ¼ 0.018) in chest CTs of the high-LC group (94%)

than in that of the low-LC group (59%) (Table 3). However,

there were no differences between the smoking indices and

pulmonary functions of the two groups. The incidence of

histological findings was compared between the groups. The

incidence of RB (78%), parenchymal fibrosis (72%), accumula-

tion of macrophages (78%), and SRIF (50%) was significantly

higher in the high-LC group than in the low-LC group

(p ¼ 0.007, p ¼ 0.044, p ¼ 0.018, and p ¼ 0.001, respectively).
4. Discussion

Although the inflammatory response induced by cigarette

smoke in the respiratory system involves various cells, the

exact role of these cells in the inflammation and remodeling of

airways and lung parenchyma remains unclear. Moreover, the

association between the accumulation of Langerhans cells

due to smoking and the inflammation of airways and related

emphysematous changes remains poorly understood.

To our knowledge, this is the first study that demonstrates

the association between the number of Langerhans cells in

the respiratory bronchioles of smokers and significant histo-

logical changes. The number of Langerhans cells in the res-

piratory bronchioles was significantly increased in smokers

compared to that in non-smokers (p < 0.001). Additionally, the

number of Langerhans cells was significantly increased in
smokers with emphysematous changes on chest CT as

compared to smokers without emphysema (p < 0.05). Chest

CTs showed a higher number of Langerhans cells in the res-

piratory bronchioles of smokers with mild emphysema than

in smokers with no, or more severe, emphysema. Further-

more, smoking-related histological changes, such as RB,

parenchymal fibrosis, accumulation of macrophages, and

SRIF, were more frequently observed in the high-LC group

than in the low-LC group.

The results of studies that show the role of lung DCs,

including Langerhans cells, in the pathogenesis of COPD due

to cigarette smoking, are conflicting. In smokers, significantly

increased numbers of Langerhans cells in BALF have been

observed [21‒23]. Stoll et al. reported that myeloid DCs of

BALF, in current smokers with COPD, were characterized by

the increased expression of CD1a-positive or langerin-positive

DCs (believed to belong to Langerhans cells) [23]. Vassallo et al.

showed that, in the total lung tissues of smokers with COPD,

the number of Langerhans cellsdas verified by the upregula-

tion of langerin (CD207) mRNAdincreased, while immuno-

histochemistry demonstrated an increase in CD1a-positive

https://doi.org/10.1016/j.resinv.2021.03.001
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Langerhans cells in the airway epithelium [31]. Though ciga-

rette smoking reportedly increased the number of OKT6-

positive Langerhans cells (compatible to CD1a-positive DC

subsets) in alveolar parenchyma by 30-fold, it did not change

the number of Langerhans cells in the bronchiolar epithelium

[32]. Tsoumakidou et al. did not find significant differences

between the number of CD1a-positive Langerhans cells in

alveolarwalls and small airways of non-smokers, ex-smokers,

and COPD patients [33]. In our study, there was no difference

between the number of Langerhans cells in the membranous

bronchioles (anatomically located in the proximal area of

respiratory bronchioles) of smokers and non-smokers. The

number of Langerhans cells, distally located near the alveoli in

respiratory bronchioles, was significantly higher in smokers

than in non-smokers (p < 0.001). The diameters of respiratory

bronchioles and alveolar ducts are larger than those of upper

airways, allowing air to remain there for a longer time [25].

These anatomical structures may allow prolonged retainment

of cigarette smoke in the respiratory bronchioles as compared

to that in the membranous bronchioles, and induce the infil-

tration of Langerhans cells (a DC subset that acts as an

antigen-presenting cell) into the respiratory bronchioles of

smokers. However, results regarding the distribution and

accumulation of Langerhans cells in the lungs and bronchi-

oles obtained using different methodologies should be inter-

preted with caution. Smoking reportedly affected the

maturation of airway myeloid DCs [34]. Thus, smoking status

may lead to differences, not only in the distribution and

accumulation, but also in the maturation of DCs/LCs in the

lungs, thereby resulting in smoking-related histological

changes.

In cigarette smoke-induced COPD animal models, inflam-

mation of bronchi and bronchioles was associated with

destructive changes adjacent to respiratory bronchioles [35].

In the current study, the number of Langerhans cells in the

respiratory bronchioles of smokers was higher in those with

emphysema on chest CT than in those without emphysema.

Additionally, in the analysis of the severity of emphysema, the

number of Langerhans cells in the respiratory bronchioleswas

higher in smokers with mild emphysema than in smokers

with no emphysema. This indicates an important role of

Langerhans cells in cigarette smoking-induced early inflam-

matory responses occurring in the respiratory bronchioles. In

smokers with greater degrees of emphysema than milder

forms, the number of Langerhans cells tended to be lower.

This substantiates a previous report of significantly decreased

number of inflammatory cells in the sub-epithelium of severe

COPD patients, compared to that in mildly/moderately

diseased patients, although infiltration by Langerhans cells

was not investigated [36]. An increased number of Langerhans

cells was associated with COPD severity, whereas the number

of Langerhans cell precursors in airway walls decreased with

increasing disease severity [19,20]. The number of Langerhans

cells were reported to be lower in COPD patients than in non-

COPD patients, suggesting that cigarette smoking affected the

maturation of DCs in the lungs [37]. The authors surmised that

the altered differentiation of DCs in smokers and/or COPD led

to the selective accumulation of Langerhans cells accompa-

nied by a corresponding decrease in Langerhans cell pre-

cursors [19,37]. In the current study, the number of
Langerhans cells in the respiratory bronchioles of smokers

was not different between those with and without COPD.

These results in smokers with/without emphysema and with/

without COPD may be influenced by factors other than

emphysema, such as airflow obstruction.

Although an association between the role of Langerhans

cells and smoking is indicated, cellular mechanisms by which

Langerhans cells impact emphysema development remain

unknown.

Smoking is associated with subclinical lung parenchymal

changes [14,38]. We identified various histological changes in

smokers. Langerhans cells may be involved in initiating

smoking-related lung inflammation; however, no association

has been reported between the accumulation of Langerhans

cells in the respiratory bronchioles and findings of patholog-

ical lung abnormalities. High frequencies of RB, parenchymal

fibrosis, accumulation of macrophages, and SRIF were signif-

icantly associated with the higher LC group (p < 0.05). How-

ever, the impact exerted by the infiltration of Langerhans cells

in the respiratory bronchioles on the parenchyma remains

unclear. The precise association between Langerhans cells

and cigarette smoking in terms of an immune response or

lung pathology is not clear. Thus, further studies on the

contribution of Langerhans cells to smoking-related lung ab-

normalities are warranted.

The limitations of the current study were: (i) The effect of

primary lung diseases, such as cancer, on observed changes

was not completely excluded, although normal lung tissue

specimens located away from the lesions of primary diseases

were sampled; (ii) All patients underwent lung resection for

lung diseases, and patients with severely impaired lung

function were excluded when surgery was indicated. (iii) The

degree of emphysema was evaluated on chest CT, using the

modified Goddard scoring system, by taking the average score

in all lung fields. However, the number of Langerhans cells

was evaluated in the local area of the resected lung and not in

all lung fields. Therefore, the results should be interpreted

carefully since they may not reflect all lung fields.
5. Conclusions

This study demonstrated for the first time that the number of

Langerhans cells increases in the respiratory bronchioles and

not in the membranous bronchioles of smokers. Such a se-

lective accumulation of Langerhans cells may be implicated in

the pathogenesis of lung parenchymal abnormalities as well

as emphysematous changes. Further studies are needed to

elucidate the mechanism underlying the accumulation of

Langerhans cells in the airways and its effect on the devel-

opment of smoking-related lung diseases.
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