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Abstract

Introduction: Dendritic cells (DC) present antigens for an immune reaction. Subtypes of DC such
as plasmocytic (pDC), monocytoid (mDC), immature (imDC), classical (cDC), follicular (fDC), and
interdigitating (intDC) and Langerhans cells (LHC) either aggravate or limit an immune reaction. Not much
is known about the role of LHC and DCs in respiratory bronchiolitis-interstitial lung disease (RB-ILD), and
desquamative interstitial pneumonia (DIP) and Langerhans cell histiocytosis (LHCH).

Material and Methods: 20 cases of RB-ILD, 7 cases of DIP, and 14 cases of LHCH were investigated. All
patients were excessive cigarette smokers. Gender distribution showed a higher incidence of males.
Immunohistochemistry was performed using antibodies for S100 protein, HLA-DR, CD11b, CD11¢, CD14,
CD15, CD33, CD35, CD64, CD123, CD303, and CD207.

Results and Conclusion: LHC were enriched in LHCH, and increased in RB-ILD, whereas absent in DIP. cDC
were more frequent in LHCH compared to RB-ILD and DIP, whereas mDC were equally found in all three
diseases. intDC and imDC were increased in LHCH compared to RB-ILD and DIP. Accumulation ofimDC and
pDC could be a sign of impaired maturation. Tertiary lymph follicles seen in RB-ILD and LHCH, but absent
in DIP, were populated by fDC, other DCs were absent, again pointing to an impaired immune reaction.
Follicle centers were seen in RB-ILD but absent in LHCH. pDC were equally seen in LHCH and RB-ILD, but
absent in DIP. RB-ILD despite similarities with DIP is a different entity with different subsets of DCs.

Keywords: Subtypes of dendritic cells, Smoking-associated lung diseases, Langerhans cell histiocytosis,
Respiratory bronchiolitis-interstitial lung disease, Desquamative interstitial pneumonia

Introduction

Dendritic cells (DC) are antigen presenting cells found in every organ system. Different subtypes
are known, which exert different functions. They are known as conventional or classical DC (cDC),
monocytoid DC (mDC), interdigitating DC (intDC), follicular DC (fDC), plasmocytoid DC
(pDC), and Langerhans cells (LHC) [1-3]. They all express some common markers, such as S100
protein and HLA-DR [4], but can also express more specific markers, which helps in sorting them
in disease states. Conventional ones can be stained in tissues by CD1c, CD11¢, and CD33 [5],
monocytoid by CD11b and CD64 [6], interdigitating by CD14 and CD83 [7], follicular by CD21
and CD35 [8], plasmocytoid by CD123 (a-IL3R), CD303, CD304, and FasL [9,10], and LHC
by CDla and Langerin [11]. Some of the surface molecules are less specific compared to other,
for example CD1c, CD11c and CD11b, but combining these with the more specific ones assists
in sorting. Also immature DCs (imDC) exist, which are thought to be responsible for tolerance
signaling during development, but these imDCs can also be found as resting cells in all organs [12].
imDCs can promote regulatory Tcells (Treg) and induce T cell anergy. They will stain for common
dendritic cell markers, but may also express CD1c and CD303. Some authors separate Langerhans
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cells and other histiocytes from dendritic cells, which in our opinion
does not make sense, as these function primarily as antigen presenting
cells similar to dendritic cells. Macrophages can present antigens,
but their predominant function is phagocytosis and maintenance
of homeostasis within the peripheral lung. In this study we exclude
macrophages and granulocytes, although they also perform duties in
antigen processing and presentation.

Smoking related lung diseases are well known in the lung,
comprising respiratory bronchiolitis-interstitial lung disease (RB-
ILD), desquamative interstitial pneumonia (DIP), smoking-related
interstitial fibrosis (SRIF), and Langerhans cell histiocytosis (LHCH)
[13-21]. Chronic Obstructive Pulmonary Disecase (COPD) is
another common smoking-induced disease, characterized by chronic
airway inflammation and emphysema. It will not be included in this
study, because it is composed of different subtypes, affecting large or
small airways. In addition, there are changes of inflammatory cells
during the course of the disease, which makes a selection of uniform
cases difficult. Tobacco smoking is known to produce incomplete
combusted plant proteins, which can act as antigens [22-24].

LHCH is characterized by a nodular and diffuse accumulation
of LH cells, usually starting around small bronchi and bronchioles.
In early stages numerous eosinophils accompany the LHC, which
vanish in late stages (depending on the amount of secreted 1L4 and
IL5). Other dendritic cells are scarce. RBILD is characterized by an
accumulation of macrophages in bronchioles, almost occluding the
lumina and extending into the centroacinar region of the peripheral
lung. DIP is characterized by an accumulation of macrophages in the
peripheral lung, occluding alveoli, not much extending into terminal
bronchioles. DIP often present with ground glass opacities, which
is suspect of early cancer. Nothing is known about dendritic cells in
RBILD and DIP.

Dendritic cells can be divided into subtypes by their expression
of surface molecules and also by their function. Some dendritic cells
such as LHC preferentially reside in the skin and along the bronchial
tree, whereas other dendritic cells are migrating to the tissues, when
there is a need for antigen take-up and processing. Two lineages are
known, a myeloid and a lymphoid one [25]. Usually, these dendritic
cells migrate as immature cells (monocytoid, interdigitating,
follicular), but during contact with antigens they mature into either
classic or plasmocytoid DC. Follicular DC mature when reaching
tertiary lymphoid structures or lymph nodes [26-28].

The aim of this study was to analyze the accumulation of
different subtypes of dendritic cells in LHCH, RBILD, and DIP, and
to evaluate their possible functional role in these diseases. Whereas
the accumulation of Langerhans cells in LHCH was interpreted, that
these cells were not functional, nothing is known for RBILD and DIP.
DIP and RBILD are regarded as identical by some authors, whereas
separated by others [13,14,16,19,29-33]. Both are characterized by
an accumulation of macrophages in the peripheral lung, in RBILD
involving respiratory bronchioles with extension into centrolobular
areas, in DIP macrophages fill alveoli and do not involve larger
bronchioles. The criteria to separate both are not entirely clear.
Therefore, we also aim to clarify this aspect.

Material and Methods

From the Archive of Lung Pathology at the Institute of
Pathology, Medical University of Graz, 20 cases of RB-ILD, 7 cases
of DIP, and 14 cases of LHCH were selected. From all cases open

lung biopsies (VATS) or cryobiopsies were available. In LHCH they
were predominantly from the right lung (5 UL right, 9 LL righe, 1
ML, 1 UL and LL left, 4 LL left), in DIP they were from both lower
lobes (3 LL right and 4 LL left). Biopsies from RBILD were from
different lung lobes (5 UL right, 1 ML, 8 UL left, 1 UL and ML,
5 LL left). We did not include cases of smoking-related interstitial
fibrosis (SRIF), because most cases showed combinations with other
diseases, predominantly with RB-ILD, and only 3 cases showed a
SRIF-only pattern. These numbers were too small for an inclusion.
Biopsies were taken because of clinical and radiological diagnosis
of interstitial lung disease and a diagnosis was requested from
pathology. Patients at the time of diagnosis were untreated, especially
no corticosteroids were applied.

All patients were excessive cigarette smokers, and most were of
younger age compared to lung cancer patients (mean age 51 years).
Gender distribution showed a higher incidence of male patients.

From formalin-fixed paraffin-embedded blocks 4 pm thick serial
sections were cut, the first and last stained by H&E to control that the
pathological lesions were found throughout. Immunohistochemistry
was performed on these tissue sections using antibodies for S100
protein, HLA-DR, CD11b (ITGAM), CD11c (BDCAL, ITGAX),
CD14, CD15, CD33 (Siglec3), CD35, CD64, CD123 (a-IL3R),
CD303 (CLEC4C/BDCA2), and CD207 (Langerin). Antibody
dilutions were tested beforehand on control blocks. In most instances
the recommended dilution given by the companies could be used.
Incubations were done as recommended by the companies on the
Omnis platform (DAKO). Further details for immunohistochemistry
are listed in Table 1. The infiltration of DC was recorded as either
diffuse or focal, with/without nodular accumulation of cells, and
with/without lymphocyte aggregates - all within the peripheral
lung; a peribronchial/peribronchiolar and pleural infiltration was
recorded separately. In few cases a perivascular infiltrate was noted.
The amount of positively stained DCs was semiquantitatively scored
as negative (0), minimal (scattered positive cells, 1+), medium (2+),
or dense (including nodular aggregates, 3+). The study was approved
by the Ethics Committee of the Medical University Graz (EK 24-
135 ex 11/12). Statistics were done by student’s t-test and Wilcoxon
test for unpaired data with equal variance, using the program
Kaleidagraph' (Vers.5.0, Synergy Software). As other lung diseases
such as emphysema or sarcoidosis would show different patterns of
dendritic cells, none could serve as a negative control. Normal lung is
usually not available in pathology departments.

Results
Langerhans cell histiocytosis (LHCH)

In LHCH langerin-positive cells were seen in all cases, multiple
nodular aggregates of LHC were found in 7 whereas small or single
aggregates in the other cases (N=14; Figure 1A). Mild interstitial
infiltrates by CD11c*cDCs were seen in all cases, in one with dense
infiltrates; CD33'cDCs were seen in 8/14 (Figure 1B), the other
cases being negative. Infiltrations by mDC were positive in all cases
(CD11b*, CD64"); low numbers (1+) of positive cells were stained
by CD11b-antibody, whereas they were more frequent by CD64-
antibody (8 cases 2+ and 6 cases 1+); in fibrotic areas the infiltration
was usually pronounced (3+). fDC were seen in 6 cases (1+), the
infiltrations being denser around lymph follicles (2+; Figure 1C).
pDC were scarce in LHCH, in 4 cases 1+, in 2 cases 2+. They were
more numerous in areas of fibrosis (2-3+).
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Table 1. Immunohistochemical markers used in the study; Abbreviations: DC: Dendritic Cells; LHC: Langerhans Cells; moDC: Monocytoid DC; cDC:
Conventional DC; follDC: Follicular DC; pIDC: Plasmocytoid DC; intDC: Interdigitating DC; imDC: Immature or preDC.

Antigen for Company Clone Dilution Pretreatment Visualization DC subtype
identified

CD11b/ITGAM | Epitomics EP45 1+100 Ompnis DAKO, 24min EnVISION FLEXTRS | moDC, cDC
950C, high pH high pH Kit

CD11c/ITGAX | Santa Cruz B-6 1+25 Omnis DAKO, 24min EnVISION FLEX TRS cDC1/2, moDC,
950C, high pH high pH Kit imDC

CD14 ProteinTech polyclonal 1+1000 Omnis DAKO, 24min EnVISION FLEX TRS moDC, CDC2
950C, low pH high pH Kit

CD15 Dako Carb-3 Ready to use | Omnis DAKO, 24min EnVISION FLEX TRS imDC, preDC,
950C, low pH high pH Kit monocytes

CD33/SIGLEC3 | abcam EPR23051-101 1450 Ompnis DAKO, 24min EnVISION FLEXTRS | imDC, cDC1/2
950C, low pH high pH Kit

CD35 abcam EPR6602 1+250 Omnis DAKO, 24min EnVISION FLEX TRS follDC
950C, low pH high pH Kit

CD64 Origene 3D3 1+100 Omnis DAKO, 24min EnVISION FLEX TRS moDC
950G, high pH high pH Kit

CD123/IL3RA | BD Pharmingen 7G3 1425 Ompnis DAKO, 24min EnVISION FLEXTRS | imDC pIDC
950C, high pH high pH Kit

CD207/ Novocastra 12D6 1+100 Omnis DAKO, 24min EnVISION FLEX TRS LHC, cDC2

Langerin 950C, low pH high pH Kit

CD303/ R+D Systems 992258 1+50 Omnis DAKO, 24min EnVISION FLEX TRS imDC, pIDC

CLEC4C 950C, low pH high pH Kit

S100 protein DAKO polyclonal Ready to use | Omnis DAKO, 24min EnVISION FLEXTRS | all
950G, high pH high pH Kit

HLADR abcam CR3/43 14500 Ompnis DAKO, 24min EnVISION FLEXTRS | all
950C, low pH high pH Kit

Respiratory Bronchiolitis - Interstitial Lung Disease (RB-
ILD)

In RB-ILD langerin positive LHC were seen in 14/20 cases
(Figure 1D), being negative in 3 cases. Infiltrations were scattered
or forming small loose aggregates. In 3 other cases there was only
a peribronchial (1+) LHC infiltration sparing the peripheral lung.
CD11c¢'¢DC were seen in 15 cases (13 x 1+, 2 x 2+; Figure 1E),
whereas by CD33 less cases were stained (9 x 1+, 4 x2+). CD64'mDC
were seen 13 cases (9 x 1+, 4 x 2+), whereas by CD11b all cases were
positively stained, but in low numbers (1+), or only scattered cells.
There were more lymph follicles in RBLID compared to LHCH;
these were absent in DIP. Within these tertiary lymph follicles
germinal centers were formed. This resulted in higher numbers of
fDC: in 15 cases, half 1+ the other half 2+. In 4 cases there was a
predominant staining of fDC in peribronchial areas. pDC were seen
in 11 cases (7 x 1+, 4 x 2+; Figure 1F), in 2 cases also a subpleural
accumulation was seen (2+); 7 cases were negative.

Desquamative Interstitial Pneumonia (DIP)

In DIP LHC were absent, except one case where few LHC
were found peribronchial. There were no CD33*cDCs, whereas
CD11c¢'¢DCs were positively stained in 5 cases (1+). mDC were
found in 11 and 5 cases, respectively CD11b, CD64 (Figure 1G).

They were more numerous in areas of fibrosis (2 cases, 2+). f{DC
were scarce in DIP (4 cases minimal positive), and pDC were absent.

Cells within the alveolar lumina morphologically looking like
alveolar macrophages expressed CD64 and CD14 in RB-ILD and
DIP. This has to be interpreted, that mDC and intDC up to one
third are among the intraalveolar cells (Figure 2).

Comparison of dendritic cells in the three lung diseases

Statistics were calculated for LHCH, RB-ILD, and DIP (Table
2, Figure 3). The infiltration density was compared for each subtype
of DC within the peripheral lung. The numbers of LHC were
significantly higher in LHCH than in RB-ILD and DIP (p< 0.0001
in both). This was more pronounced in DIB because no LHC were
found in this disease. The number of ¢cDC differed, however, did
not reach significance for LHCH versus RB-ILD and DIP (CD11c
p 0.075 and p 0.073, respectively); no significant difference for
CD33*cDC was seen comparing LHCH and RB-ILD, whereas
a significant difference was seen comparing LHCH and DIP (p
0.028). No significant differences were found when comparing all
three diseases for mDC (CD11b, CD64). The numbers of imDC
were significantly different for LHCH compared to RB-ILD and
DIP. The numbers were highest in LHCH, medium in RB-ILD,
and lowest in DIP (p 0.025 and p 0.0013 for CD15; p 0.0016 for
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Figure 1. A) Langerin positive cells in LHCH; B) classical DC in LHCH; C) follicular DC surrounding and within tertiary lymph follicles; D) Langerin
positive LHC in RB-ILD; E) classical DC in RB-ILD; F) plasmocytic DC in RB-ILD; G) monocytoid DC in DIP. Immunohistochemistry for different DC
subtypes using antibodies for Langerin, CD11¢, CD33, CD35, CD123, bars 100 and 50 pm.

Figure 2. RB-ILD, morphological pattern with alveolar macrophages occupying the terminal bronchioles and extension into the centroacinar
alveolar periphery. By immunohistochemistry many of these cells qualify for immature or monocytoid dendritic cells. H&E stained section and
immunohistochemistry for CD64 highlighting monocytoid DCs. Magnification 200 (H&E) and bar 100 pm.
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Table 2. Statistical comparison of infiltrations of subtypes of dendritic cells in Langerhans cell histiocytosis, respiratory bronchiolitis-ILD, and
desquamative interstitial pneumonia. Analysis was done by students t-test for unpaired data with equal variance. Controls were done using
Willcoxon test resulting in the same p values. Significant values are highlighted in red.

LHCH versus RBILD RBILD versus DIP LHCH versus DIP

CD207 langerin p<0.001 p<0.001 p<0.001
CD11c (cDC9) p=0.075 p=0.46 p=0.073
CD33 (cDC) p=0.31 p=0.13 p=0.028
CD14 (intDC) p=0.035 p=0.73 p=0.044
CD15 (imDC) p=0.025 p=0.031 p=0.0013
CD303 (imDC) p=0.38 p=0.10 p=0.0016
CD123 (pIDC) p=0.49 p=0.109 p=0.080
CD11b (moDCQ) p=0.86 p=0.63 p=0.21
CD64 (moDC) p=0.43 p=0.68 p=0.33
CD35 (follIDC) p=0.36 p=0.46 p=0.16

CD303, respectively). intDC were seen more often in LHCH that
RB-ILD and DIP, statistically close to significance (p 0.035 and
0.044, respectively). Finally, also pDC differed between LHCH and
DIP, however not reaching significance (p 0.08), whereas pDCs in
RB-ILD were seen with similar frequency as in LHCH (Figure 3).

and LCHC, whereas almost absent in RB-ILD. mDCs were seen in
low numbers in few cases in all three diseases, but not significantly
different in each of them. imDCs showed an infiltration different
from the periphery: by CD303 the number in peribronchial areas
were highest in DIP and lowest in LCHC, reaching statistical

significance (p = 0.0016). No numerical differences were found
for fDC in all three diseases, whereas the number of pDCs were
significantly higher in LHCH compared to RB-ILD and DIP
(Figure 4).

Peribronchiolar infiltrations by LHC were rare in all three diseases,
except for scattered cells. cDCs were rare in peribronchial areas in
all three diseases; a slightly but statistically not significant increase
was seen in LHCH. intDCs numbers were slightly enlarged in DIP
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Figure 3. Comparison of numbers of positive dendritic cell populations in the peripheral lung in LHCH, RB-ILD, and DIP (graded semiquantitatively
as 0-1-2-3). Statistically significant differences are marked by an asterisk.
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Figure 4. Comparison of numbers of positive dendritic cell populations in peribronchial location of the lung in LHCH, RB-ILD, and DIP (graded
semiquantitatively as 0-1-2-3). Statistically significant differences are marked by an asterisk.
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Discussion

Smoking-associated interstitial lung diseases can be classified
into LCHC, RB-ILD, DIP and COPD. They are characterized
by infiltrating monocytoid cells, whereas lymphocytes numerically
play a minor role [13,34]. Morphologically macrophages are seen
in the alveolar lumina and histiocytic cells in the interstitium.
Granulocytes are seen especially in the bronchial mucosa in COPD,
but usually their occurrence point to additional complications such
as bacterial colonization or superimposed infection. Tobacco smoke
is composed of many substances, being toxic, carcinogenic, but
also incomplete combusted plant proteins can be detected. Plant
proteins and toxins derived from combusted tobacco plants and
other sources (for example diesel exhaust) are known to induce an
immune reaction [35-37]. This immune reaction is driven by cells
of the innate immune system [38,39]. Here we focused on dendritic
cells, which have not been extensively evaluated in these diseases. We
investigated subtypes of dendritic cells, which are either activating or
suppressing an immune reaction. COPD was not included, because
it presents with large airway inflammation and emphysema, small
airways disease with/without emphysema, and is often associated
with lung cancer. In addition, the composition of the cellular
infiltration in COPD varies during the time course, making this
a heterogeneous disease. Therefore, a selection of cases with a
homogenous morphological and timely appearance is complicated

[40-44].

As some CD markers can stain different cell types, we chose
at least two markers for each dendritic cell type and in addition
also used general dendritic cells markers such as S100 protein and
HLADR as a prescreening stain for the presence of dendritic cells
(Table 1).

Not surprisingly Langerhans cells showed a predominant
infiltration in LHCH, but they were also present in substantial
numbers in RB-ILD. They were accompanied by classic, immature,
interdigitating, and plasmocytoid DCs in both diseases. The
accumulation of different subtypes of dendritic cells in the
peripheral lung very likely is a sign of functional impairment [45-
48]. Normally DCs including LHC should migrate to regional
lymph nodes or tertiary lymph follicles, present processed antigens
to lymphocytes and mount an immune reaction. Immature DCs
when entering the lung should differentiate into mature DCs, either
classical or plasmocytoid, depending on the cytokine composition
present in the stroma [49-51]. Therefore, it seems migration as
well as maturation are inhibited in LHCH and RB-ILD. Two
possibilities to explain this inactivation can be offered: Inactivating
mutation or posttranslational modification of CCR?7 responsible for
migration [52], and inhibition of maturation by a failure to secrete
CCL5/CCRS5 [46]. An inhibition of maturation will result in an
impaired immune reaction, consecutively blocking also lymphocyte
immigration. The presence of substantial numbers of imDC could
explain this situation: imDC by expressing CCR6 and the ligand
CCL20 will block migration. In addition, LHC in these diseases
do not express CCL5/RANTES and CXCL11, which both would
stimulate migration and induce maturation [53]. These functional
aspects should be investigated in future studies. Mutations of the
BRAF or MAPK genes very likely do not play a major role in
migration and maturation of dendritic cells: Not all cases of LHCH
carry these mutations, and no such mutations have been reported in
RB-ILD [54]. mDC were found in considerable number in LHCH

and RB-ILD, which support the assumption that LHC can originate
from mDC [55]. This again point to a failure of differentiation into

LHC.

In RB-ILD macrophages accumulate in respiratory bronchioles
and extending into the centroacinar region, whereas in DIP
macrophages occupy the alveolar periphery. In several reports it
was questioned, if both entities represent just a variant of the same
disease [14]. If that is true, one would expect a similar infiltration
pattern by DCs. However, the infiltration of DCs in DIP is different
from both other diseases. There are significantly less cDC, pDC, and
imDC in DIB, which clearly separates it from LHCH and RB-ILD.
Tertiary lymph follicles and consecutively follicular DCs are rarely
seen, and LHC are absent in the periphery of DIP but present in
peribronchial stroma, pointing to some reaction towards inhaled
tobacco smoke antigens. Intraalveolar macrophages are found in
large quantities in DIP and RB-ILD [56]. Interestingly, not all
these cells are macrophages. The expression of CD64 and CD14 in
a substantial number of these cells can be interpreted, that besides
macrophages also mDC and intDC accumulate intraalveolar.

CD11c¢*cDC and CD64*mDC are seen in all three diseases.
CD303*imDC are seen in substantial number in DIP but less in
RB-ILD, reaching statistical significance only when compared to
LHCH. By comparing the composition of DCs in RB-ILD and
LHCH is seems that both diseases have much more in common
compared to DIP. This might explain, why in some patients both
LHCH and RB-ILD can be seen together.

Tertiary lymph follicles with germinal centers are predominantly
found in RB-ILD, whereas in LHCH lymphocytic aggregates are
usually devoid of germinal centers. Follicular DCs accumulate in
these areas in equal amounts in LHCH and RB-ILD. Normally
within tertiary lymph follicles different mature subtypes of DC
should be present. As no other subtype of DCs is seen in LCHC
and RB-ILD, this again point to a failure for mounting a proper
immune reaction [57-60]. The absence of follicle centers in LHCH
might result that no B cell priming does occur, whereas this seems to
happen in RB-ILD.

What are the arguments for functional defects of DCs in

these diseases?

DCs are constantly produced in the bone marrow and released
into circulation. When they are confronted with antigens either
in circulation or within the lung, they will mature. If substantial
amounts of imDC are present such as in LHCH and RB-ILD this
might be interpreted as impaired maturation. Well known from viral
infection, imDC immediately mature to ¢cDC [28]. ¢cDC interact
with T cells especially CD8* lymphocytes, and this protects from
infection. It can be speculated, that their higher numbers in LHCH
could be a compensatory mechanism for non-functioning cDCs,
whereas the accumulation of LHC along the bronchial tree and
within alveolar tissue might be due to an impaired migration of LHC.
pDC usually limit an immune reaction. In concert with imDC they
also suppress effector T cell generation and induce regulatory T cells,
thus promoting tolerance and anergy [12,61]. Experimentally pDC
protects from emphysema development in smokers [62]. A forced
expansion of pDC caused a decrease of macrophages and an increase
of the linear intercept — a measurement of emphysema grade (higher
numbers correspond to higher numbers of alveoli). Low amounts of
interleukin 12 function as a regulating molecule [63]. The higher
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numbers of pDC in LHCH and RB-ILD (in contrast to DIP) point
to such a downregulating mechanism for an immune reaction and
might also protect smokers from the development of emphysema
in this group of diseases. f{DC promote the maintenance of tertiary
lymph follicles and provide a long lasting depot for antigens, thus
providing B lymphocytes with antigens for antibody production
[64]. This seems to function in RB-ILD, whereas less efficient in
LHCH. However, there is also a need of other DCs (¢cDC, LCH)
to migrate towards these lymph follicles for establishing a proper
immune reaction. Whereas germinal centers are formed in RB-ILD
cases, these are rarely seen in LHCH, despite f{DC accumulation in
tertiary lymph follicles in both diseases. In DIP this does not occur.
While mDC were equally seen in all three diseases, their function
in promoting TH1 or TH2 reactions is probably not activated [6].
Normally mDC will mature into ¢<DC or pDC and will provoke
either a TH1 or a TH2 lymphocyte infiltration, which however,
does not occur in any of these diseases. The presence of mDC in
these diseases has to be interpreted that they do not differentiate
into mature subtypes. This might be caused by a molecular defect
of maturation, or imDC inhibit maturation, induce anergy and
promote regulatory T cells.

Conclusion

In all three smoking induced lung diseases an impaired function
of the innate and adaptive immune system has been found.
Maturation of DC is impaired, resulting in the accumulation of
immature and monocytoid DC and LHC. Migration of DCs seems
to be impaired, as the DCs neither mature nor move to lymph
follicles. DIP is different from RB-ILD characterized by a different
set of DCs and absence of tertiary lymph follicles. Together with
macrophages also dendritic cells are found within alveolar lumina,
which was not known before.
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