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ABSTRACT 
The mucosal immune system undergoes extensive changes in early childhood in response to 
environmental stimuli. Dendritic cells (DC) play a major role in the development of the 
immune system. However, few data exist on the influence of continuous environmental 
stimulation on the distribution and phenotype of human airway DC. Human tissue samples are 
mostly paraffin embedded which limits the use of several antibodies, and respiratory tissue for 
cryopreservation is difficult to obtain. Therefore, human post mortem frozen tracheal tissues 
were collected for this study. Only samples with epithelial adherence to the basement 
membrane were included (n=34). Immunohistochemical staining and sequential overlay 
immunofluorescence were performed with DC-SIGN and a panel of leukocyte markers co-
expressed by DC. DC detected in the human tracheal mucosa using DC-SIGN correlated with 
the expression of HLA-DR, co-stimulatory and adhesion molecules. Comparing the ventral 
tracheal site of patients older than one year of age with infants within the first year of life 
higher cell densities were found in the former group. The increasing population of mucosal 
DC could reflect immunological maturation. 
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Introduction 
Dendritic cells (DC) are important players in the mucosal immune system of the respiratory 
tract being involved in antigen uptake, processing and presentation of antigenic fragments to 
T cells (1-3). Despite an enormous increase in knowledge about human DC derived from 
peripheral blood the characterization of these cells in human lymphoid and non lymphoid 
tissues is still limited (4-11). DC have been characterized in mouse models in non-lymphoid 
organs such as the skin, gut and lung (12-14). In a recent paper the major relevance of DC in 
the uptake of particles in the bronchoalveolar space and the transport to the draining lymph 
node have been described, stressing the significant role of DC in the lung and their traffic to 
the lymph node (15). DC are important in the pathophysiology of asthma and might play a 
role in explaining the “hygiene hypothesis”, as epidemiologic observations suggest a vital role 
in the development of allergy and/or tolerance during early childhood (16, 17). However, for 
this early period of life there are few human data with respect to the presence and 
development of mucosal DC (18, 19). A recent study suggested that adjuvant costimulation 
triggers oral tolerance mechanisms in neonatal mice (20). The development of neonatal 
immunity in respect to allergic diseases in childhood and in adults is of clinical relevance. DC 
are necessary for the initiation and modulation of T cell responses and are involved in 
immunoregulation early in life (21, 22). An increase of DC after the first year of life has been 
observed in human tracheas17. Animal studies described a distinct topographical distribution 
of DC between different layers of the tracheobronchial mucosa, although there are differences 
between species (23, 24). The few data that exist on DC in the mucosa of the human 
respiratory tract are mainly derived from studies on tissues after surgery or biopsies generally 
from adult patients (25-28). Recent investigations on isolated lung DC using new antibodies 
(BDCA1, 2, 3) in flow cytometry have demonstrated three subsets of human DC, the myeloid 
DC type 1 and type 2 and plasmacytoid DC (29). 
In a previous study with paraffin embedded tissues the presence of DC in the human trachea 
was documented using HLA-DR labeling and morphology because of a lack of antibodies 
staining paraffin sections (18). In a recent study DC were characterized in addition to other 
leukocytes in situ on frozen human post mortem collected tissue and resection material. In this 
more methodological investigation no differences in the cell numbers were found between 
post mortem and surgical samples (30). A recent review pointed out the current knowledge 
and open questions on DC populations and their possible functions in the lung (31). 
In previous studies DC have been detected in cell suspensions of human BAL and of minced 
human lung tissue as well. The morphological data on DC in human lung tissue are still 
limited. Here we present data that address the influence of age on the phenotype and 
predominant localization of DC in the human tracheal mucosa in situ. A topographical and 
quantitative analysis was performed in human tissue samples using a set of recently available 
antibodies including DC-SIGN as a specific marker for DC (e.g. 32). 
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Materials and Methods 
Tissue collection 
Tracheal tissue was obtained from the departments of Pathology and Legal Medicine of the 
Medical School of Hannover. The samples (n=26) were selected using the criterium of 
adherent epithelium as assessed by hematoxilin staining. Fresh resection material was 
provided by the Heidehaus Hospital Hannover (n=8) after partial transversal trachectomy. For 
details of age, sex and cause of death or surgical intervention see Table 1. 

 
Surgical specimens 
Patient Pathology Surgical intervention Sex Age (y) 
1 Adeno carcinoma Pneumectomy m 58 
2 Infiltrating esophagus carcinoma Partial transversal trachectomy m 73 
3 Iatrogenic trachea injury Partial transversal trachectomy f 68 
4 Iatrogenic bronchus injury Partial transversal trachectomy f 71 
5 Tracheostenose Partial transversal trachectomy f 63 
6 Perivascular epitheloid cell tumor (PEC) Carinapneumectomy m 76 
7 PEC and iatrogenic trachea injury Carinapneumectomy m 54 
8 Damage after puncture tracheotomy Partial transversal trachectomy f 78 
Pathology 
Patient Cause of death Sex Age (y) PMI*1  (h) 
9 Cardiac arrest m 45 74 
10 Cardiac arrest m 67 79 
11 Prenatal hepatitis f Prenatal (32nd week) 15 
12 Cardiac arrest f 73 17 
13 Tuberculosis m 34 51 
Legal medicine 
Patient Cause of death/pathology Sex Age (y) PMI*1  (h) 
14 Aspiration (Hirschsprung disease) m 1.5 15 
15 Cardiac arrest f 62 ~48 
16 Coronary circulation failure (CCF) f 83 ~48 
17 CCF m 47 ~48 
18 Traumatic death*² f 76 ~24 
19 Traumatic death*² m 70 ~24 
20 Sudden infant death syndrome m 0.17 ~24 
21 Sudden infant death syndrome m 0.34 ~24 
22 Cardiac arrest m 51 7 
23 Drowned m 53 ~48 
24 Paralysis during convulsion m 36 27 
25 Prenatal (SID and pulmonary infection) f Prenatal (30th week) ~60 
26 Sudden infant death syndrome f 0.25 ~48 
27 Traumatic death*² m 16 ~24 
28 Traumatic death*² m 53 ~24 
29 Necrosis of the gut, toxic CCF f 90 22 
30 Traumatic death*² m 65 ~24 
31 Suicide (medicine overdose) m 21 ~36 
32 Cerebral paralysis m 11 5 
33 Sudden infant death syndrome m 0.34 ~48 
34 Cerebral paralysis m 9 19 
Table 1: Specification of the included tissues. 
In legal medicine the PMI is usually an approximate determination. Time indications of 24h 
and 48h should be interpreted as less but close to.  
*1 PMI=Post mortem interval 
*² Traumatic death can have different causes, e.g. murder or (traffic) accidents 
 
The samples were taken from the lower part of the trachea near the carina (Figure 1), snap 
frozen in liquid nitrogen on the spot and stored at –80°C. In addition, in some cases the upper 
part of the trachea was excised near the cricoid (n=6). All tissues were free of tumors. 
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Collecting of the tissues was approved by the Ethical Committee of the Medical School of 
Hannover. 
Immunohistology 
Serial cryosections of 6µm (cryostat Leica CM3050S) on poly-L-lysin coated slides were 
stained for a large panel of immunological relevant DC markers (antibody/clone/dilution 
CD209-DC-SIGN/120507/1:20, R&D Systems Gmbh, Wiesbaden, Germany, 
CD11a/MHM24/1:100, CD86/BU63/1:20, HLA-DR/C3,43/1:10.000, Dako A/S, Glostrup, 
Denmark; CD11c/HL3/1:100, CD54/HA58/1:2500, BD Pharmingen, San Diego, CA, USA; 
CD40/LOB7,6/1:100, CD80/DAL-1/1:20, Serotec Ltd., Oxford, UK). Isotype controls 
(A57H, Dako A/S, Glostrup, Denmark) were included. Immunohistochemical staining was 
performed on acetone fixed sections using the APAAP-method (secondary and detection 
antibody: Z0259 and D0651, Dako A/S) with FastBlue as substrate and counterstained with 
hematoxilin (Mayers hematoxilin, Merck KG, Darmstadt, Germany). Unfortunately, several 
other antibodies which are documented in cytological applications for human DC do not work 
in histological preparations in general or in post mortem material used in the present study. 
For immunofluorescence staining the same protocol and antibodies were used but after direct 
conjungation with Zenon Labeling Kits (Alexa Fluor 488 and 568, Molecular Probes, 
Leiden, The Netherlands) followed by a signal amplification step when necessary (Alexa 
Fluor 488 Signal-Amplification Kit for Fluorescein and Oregon Green Dye conjugated 
probes, Molecular Probes). Nuclei were stained with TO-PRO-3 (Molecular Probes). Due to 
technical problems not all antibodies could be applied to the sections of all patients. Thus, the 
total number of staining data for some antibodies is less than the number of all 40 cases. 
Analysis and statistics 
Analysis of the immunohistochemically stained slides was performed light-microsopically 
(Axiophot, Zeiss, Oberkochen, Germany) with a grid at a magnification of 20x. Pictures were 
recorded digitally (Olympus DP-Soft, version 3.2) with a fixed gamma correction and 
brightness. The immunofluorescent stained slides were analyzed also at a 20x magnification 
by means of confocal microscopy (LSM510meta, Leica, Germany). Cell densities (cells/mm2) 
were evaluated as previously described29. In short, the lamina propria (100µm from the BM) 
and submucosa (100-500µm from the BM) were analyzed separately. Three sections of every 
marker each 600µm apart were studied over a length of at least 10 mm BM (Figure 1). The 
areas with glands (intercartilage region) were excluded in these cell counts. Separate cell 
counts were performed for the posterior membraneous wall (dorsal site) to tracheal ring 
(ventral site) of the tracheas of infants (n=6) and adults (n=28) but also for lamina propria and 
submucosa in single stained serial cut tissue slides for each marker. 
For statistical analysis the Mann-Whitney U test was used for comparison of non-parametric 
values and correlations were calculated by means of StatView (Version 5.0, SAS Institute 
Inc., Cary, NC, USA). All values are given as mean ± standard error of the mean (SEM, in the 
text in brackets). They were considered significant for p<0.05. 
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Results 
Immunohistochemistry, immunofluorescence and correlation of marker expression 
No significant differences in the number and subsets of DC were found in six cases when the 
upper and lower parts of the same trachea were examined. Therefore, in the following 
samples only the lower part was studied in more detail. The highest leukocyte and DC 
densities were found in the lamina propria just beneath the basement membrane (Figure 2A-
D). With the exception of CD80 all other investigated leukocyte surface molecules correlated 
with the expression of DC-SIGN (Figure 3). Sequential immunofluorescence overlays showed 
that DC-SIGN positive cells expressed co-stimulatory and adhesion molecules (Figure 2E). 
Although no correlation of CD80 was found to DC-SIGN, co-expression with DC-SIGN was 
found in the overlays. For CD54 a focal staining of the respiratory epithelium and in the 
glands of the tracheal ring was usually noticed but not in the posterior membraneous wall. 
Age related differences 
Age dependent differences were found in the distribution and abundance of cells in the 
tracheal ring (Figure 4A, B). In the lamina propria infants less than 1 year of age showed 
lower cell densities for DC-SIGN, HLA-DR, CD11a/c, CD86 and CD40 in comparison to the 
older patients. Except for HLA-DR the results showed the same differences in the submucosa. 
Interestingly, almost no differences were found in both mucosal layers of the posterior 
membraneous wall at the dorsal site (Figure 4C, D). Only the cell density of CD11a 
expressing cells in the submucosa was higher in the cases older than 1 year of age. No 
differences were found between prenatal death and infants post mortem diagnosed for sudden 
infant death. 
Comparison of distinct topographical sites of the trachea 
For the comparison of the site specific cell distribution only cases with the tracheal ring 
(ventral) as well as the posterior membraneous wall (dorsal) were included (n=19). In patients 
older than one year of age significantly (p<0.05) higher densities were found in the whole 
mucosa (lamina propria and submucosa) of the tracheal ring as compared to the posterior 
membraneous wall for all markers (DC-SIGN 43 (+3) / 24 (±3); CD11c 107 (±8) / 67 (±6); 
CD80 45 (±4) / 29 (±7); CD86 71 (±6) / 31 (±3); CD11a 250 (±16) / 156 (±16); CD40 56 (±9) 
/ 32 (±5); CD54 132 (±14) / 85 (±11) cells/mm2). The numbers of HLA-DR did not differ 
significantly (HLA-DR 182 (±9) / 154 (±14), p=0.052). This was also true for DC in the 
lamina propria and in the submucosa as well, but without reaching significance at the single 
layer level (Figure 4). In infants younger than one year of age these differences were absent. 
For CD54 a focal staining of the respiratory epithelium and in the glands of the tracheal ring 
was usually noticed but not in the posterior membraneous wall.  on M
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Discussion 
So far data of DC in humans were derived from nasal, laryngeal, bronchial and peripheral 
lung tissue but not from the trachea (25-28, 31, 33, 34). This study presents data on a large 
group of cryopreserved post mortem collected and tracheal tissue from patients during 
surgery. Cryopreserved tissue offered the opportunity to use many monoclonal antibodies as 
markers. This was important since paraffin embedded tissue is not usable for most of the DC-
antibodies. The use of specific antibodies was necessary because the characteristic 
morphology of the DC is often not present in post mortem collected tissue samples. 
The children under one year of age had died of sudden infant death syndrome (SIDS). In 
studies focussing on SIDS no differences in mucosal immunology of the respiratory tract have 
been found (35). Therefore, it is unlikely that the data are biased for the SIDS. 
 
Expression of markers and correlation 
Serial single staining was performed and revealed correlations of the expression of DC-SIGN 
with different co-stimulatory and adhesion molecules. A similar method calculating 
coexpression of surface molecules of DC was known from the skin (6) and also the technique 
of sequential fluorescent overlays was reported before (27). The marker DC-SIGN recognizes 
mature and immature mucosal DC (36) but is also expressed by alveolar macrophages, 
interestingly only after birth (11). The functional relevance has recently been shown in a pig 
model where trachea and gut tissue had been investigated (32). The coexpression of CD80/86 
of DC indicated an activated or maturing phenotype. In contrast, using cell extraction from 
human lung lobes the phenotype of DC has been reported to be mainly immature (37). In the 
rat model it has been shown that T-cells are not only activated in the draining lymph nodes 
but also transiently in the lung itself after reception of cognate signals from local memory T-
cells (38). Such interactions have not been seen in human bronchial mucosa so far. It might be 
that recurrent infections and the continuous antigenic stimulation even in the “normal” human 
respiratory tract lead to cognate signals for DC activation. Data of the rat trachea and larynx 
demonstrated the influence of localization and infectious stimuli in the colonization with DC 
(39). In a recent paper it was documented that the presence of DC in the human respiratory 
mucosa is modified by infections (40). 
It will be difficult to document such dynamic interactions for samples of human 
tracheobronchial and peripheral lung tissues. It remains unclear whether different 
compartments of the respiratory tract could be compared because of major differences in 
anatomy, function and blood supply (41). Future studies should focus on the morphology and 
the function of epithelial DC since it has been shown in the gut that dendrites of DC are able 
to open tight junctions and search the lumen to pick up antigen (42, 43). 
 
Influence of age 
We previously reported that the presence of DC, determined by HLA-DR staining and 
morphology in paraffin sections, was different in infants younger than one year of age as 
compared to older individuals (18). This is similar to data in the rat trachea in which two 
weeks after birth DC density reached adult levels (44). In the present study the patients were 
also divided into two age groups (younger or older than one year of age), and age dependent 
differences were found at certain topographic sites. The probable reason for the lower cell 
numbers is that children of less than one year of age have not encountered many antigens yet 
and the infants’ immune system is beginning to develop. The ratios of cell densities in the 
lamina propria and submucosa were the same in both groups for all markers. This indicates 
that the cellular distribution in the layers is already established early in life. 
 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


 8

Influence of localization 
The ventral-dorsal decline in cell numbers was not conspicuous in infants under one year of 
age. The higher cell densities in the ventral tracheal mucosa of older patients indicate that this 
is immunologically the most active site. An explanation could be a higher impact of antigens 
and microorganisms caused by a non-laminar air flow at the tracheal ring. In contrast a 
presumably low impact could occur at the posterior membraneous wall because at this site the 
air flow has a laminar character. Interestingly the opposite finding has been described for the 
rat trachea in the steady state, where the authors argue that the different vascularization might 
be the reason for higher DC number at the dorsal tracheal site (24). Recently, 
compartmentalization of functional DC subsets has been shown in the mouse (45). Moreover, 
a couple of substances have become available, targeting DC in pulmonary allergic 
inflammation. For example, a new low molecular weight immunomodulator has been found to 
inhibit the DC-mediated T-helper-cell activation in a mouse model of allergic lung 
inflammation (46). With such therapeutic perspectives information is urgently needed on DC 
subsets in the human lung. 
For the mucosa of the human trachea -to our knowledge- this is the first study that yielded 
data for DC within the human tracheal mucosa after investigation of a relatively high number 
of tissue samples. The relative distribution in the mucosal layers is already established during 
the early phase of life. The human tracheal mucosa contains many molecules needed for local 
immune interactions. The observation of site specific differences between the ventral and 
dorsal site of the trachea have not been reported before and should be taken into consideration 
for future investigations. Finally, the increasing density of mucosal DC with age at the ventral 
trachea could reflect maturation of the mucosal immune system. 
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Figure legends 
Figure 1: 
Transverse tracheal sections of 6µm at an interval of 600µm cranially were stained for a panel 
of markers. Analysis was performed on the ventral part of the trachea and only in the cartilage 
region, to exclude possible variation due to location. The total mucosa is the combination of 
the lamina propria and submucosa. The epithelium, total mucosa, lamina propria and the 
submucosa were analyzed separately. 
Figure 2 A-E: 
Immunohistochemistry and sequential overlay immunofluorescence. 
A-D: Comparison of cell densities for CD11a of infants (A,B; patient 26) and adults (C,D; 
patient 24) for the ventral trachea (TR) and dorsal trachea (the posterior membraneous wall, 
PM) at 40x magnification. E: Sequential overlay immunofluorescent staining for CD209 
(green), CD86 (blue) and nuclei (red) were recorded at 20x magnification (Patient 24, 
Table 1). 
Figure 3 A-G: 
Correlations of CD209 to other DC (HLA-DR, CD11c) and leukocyte surface molecules 
(CD40, CD54, CD80, CD86) in the lamina propria. All axes represent cell densities in 
cell/mm². Only the tissues in which all markers had been analyzed were included (infants n=6 
and adults n=19, only the correlation to CD80 is not significant, all others are significant with 
p<0.05). 
Figure 4 A-D: 
Cell densities for the lamina propria and submucosa in both age groups. 
A,B: comparison of cell densities in the ventral part of the trachea (infants n=6, adults n=28). 
C,D: comparison of cell densities in the dorsal part of the trachea (infants n=5, adults n=14). 
Values were considered significant for p<0.05. 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


 10

REFERENCES 
 

1. Lambrecht BN, Hammad H. Taking our breath away: dendritic cells in the 
pathogenesis of asthma. Nat Rev Immunol 2003;3:994-1003. 

2. McWilliam AS, Holt PG. Immunobiology of dendritic cells in the respiratory tract: 
steady-state and inflammatory sentinels? Toxicol Lett 1998;102:323-329. 

3. Stumbles PA, Thomas JA, Pimm CL, Lee PT, Venaille TJ, Proksch S, Holt PG. 
Resting respiratory tract dendritic cells preferentially stimulate T helper cell type 2 
(Th2) responses and require obligatory cytokine signals for induction of Th1 
immunity. J Exp Med 1998;188:2019-2031. 

4. Rossi M, Young JW. Human Dendritic Cells. Potent Antigen-Presenting Cells at the 
Crossroads of Innate and Adaptive Immunity. J Immunol 2005;175:1373-1381. 

5. Steinman RM. Research on human subjects in the JEM. J Exp Med 2005;201:1349-
1350. 

6. Schuller E, Teichmann B, Haberstok J, Moderer M, Bieber T, Wollenberg A. In situ 
expression of the costimulatory molecules CD80 and CD86 on langerhans cells and 
inflammatory dendritic epidermal cells (IDEC) in atopic dermatitis. Arch Dermatol 
Res 2001;293:448-454. 

7. Kelsall BL, Leon F, Smythies LE, Smith PD. Antigen handling and presentation by 
mucosal dendritic cells and macrophages. In Mucosal Immunology, Vol. 1. 3rd edition. 
Edited by Mestecky J, Bienenstock J, Lamm ME, Mayer L, McGhee JR, Strober W. 
Elsevier Academic Press, Amsterdam; 2005:451-475. 

8. Kutteh WH, Mestecky J, Wira CW. Mucosal immunity in the human female 
reproductive tract. In Mucosal Immunology, Vol. 2. 3rd edition. Edited by Mestecky J, 
Bienenstock J, Lamm ME, Mayer L, McGhee JR, Strober W. Elsevier Academic 
Press, Amsterdam; 2005:1631-1646. 

9. Holt PG, Schon-Hegrad MA, McMenamin PG. Dendritic cells in the respiratory tract. 
Int Rev Immunol 1990;6:139-149. 

10. Hoogsteden HC, Verhoeven GT, Lambrecht BN, Prins JB. Airway inflammation in 
asthma and chronic obstructive pulmonary disease with special emphasis on the 
antigen-presenting dendritic cell: influence of treatment with fluticasone propionate. 
Clin Exp Allergy 1999;29 Suppl 2:116-124. 

11. Soilleux EJ, Morris LS, Leslie G, Chehimi J, Luo Q, Levroney E, Trowsdale J, 
Montaner LJ, Doms RW, Weissman D, Coleman N, Lee B. Constitutive and induced 
expression of DC-SIGN on dendritic cell and macrophage subpopulations in situ and 
in vitro. J Leukoc Biol 2002;71:445-457. 

12. Kuipers H, Lambrecht BN. Modification of dendritic cell function as a tool to prevent 
and treat allergic asthma. Vaccine. 2005;23:4577-4588. 

13. Baeumer W, Sulzle B, Weigt H, De Vries VC, Hecht M, Tschernig T, Kietzmann M. 
Cilomilast, tacrolimus and rapamycin modulate dendritic cell function in the 
elicitation phase of allergic contact dermatitis. Br J Dermatol 2005;153:136-144. 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


 11

14. Jakubzik C, Tacke F, Llodra J, van Rooijen N, Randolph G. Modulation of dendritic 
cell trafficking to and from the airways. J Immunol 2006;176:3578-3584. 

15. Bilsborough J, Viney JL. Gastrointestinal dendritic cells play a role in immunity, 
tolerance, and disease. Gastroenterology 2004;127:300-309. 

16. Holt PG, Sly PD: Prevention of adult asthma by early intervention during childhood. 
potential value of new generation immunomodulatory drugs. Thorax 2000;55:700-
703. 

17. Holt PG, Jones CA. The development of the immune system during pregnancy and 
early life. Allergy 2000;55:688-697. 

18. Tschernig T, Debertin AS, Paulsen F, Kleemann WJ, Pabst R. Dendritic cells in the 
mucosa of the human trachea are not regularly found in the first year of life. Thorax 
2001;56:427-431. 

19. Holt PG. Dendritic cell ontogeny as an aetiological factor in respiratory tract diseases 
in early life. Thorax 2001;56:419-420. 

20. Tobagus IT, ThomasWR, Holt PG. Adjuvant costimulation during secondary antigen 
challenge directs qualitative aspects of oral tolerance induction, particularly during the 
neonatal period. J Immunol 2004;172:2274-2285. 

21. Folkerts G, Walzl G, Openshaw PJM. Do common childhood infections teach the 
immune system not to be allergic? Immunol Today 2000;21:118-120. 

22. Martinez FD. Viruses and atopic sensitization in the first years of life. Am J Respir 
Crit Care Med 2000;162:S95-S99. 

23. Lawrence TE, Millecchia LL, Frazer DG, Fedan JS. Pulmonary dendritic cell 
distribution and prevalence in guinea pig airways: Effect of ovalbumin sensitization 
and challenge. J Pharmacol Exp Therap 1997;282:995-1004. 

24. Schon-Hegrad MA, Oliver J, McMenamin PG, Holt PG. Studies on the density, 
distribution, and surface phenotype of intraepithelial class-II major histocompatibility 
complex antigen (Ia)-bearing dendritic cells in the conducting airways. J Exp Med 
1991;173:1345-1356. 

25. Holt PG. Antigen presentation in the lung. Am J Respir Crit Care Med 2000;Suppl 
162:151-156. 

26. Hoogsteden HC, Verhoeven GT, Lambrecht BN, Prins JB. Airway inflammation in 
asthma and chronic obstructive pulmonary disease with special emphasis on the 
antigen-presenting dendritic cell: influence of treatment with fluticasone propionate. 
Clin Exp Allergy 1999;29 Suppl 2:116-124. 

27. Jahnsen FL, Moloney ED, Hogan T, Upham JW, Burke CM, Holt PG. Rapid dendritic 
cell recruitment to the bronchial mucosa of patients with atopic asthma in response to 
local allergen challenge. Thorax 2001;56:823-826. 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


 12

28. Leonard CT, Soccal PM, Singer L, Berry GJ, Theodore J, Holt PG, Doyle RL, Rosen 
GD. Dendritic cells and macrophages in lung allografts a role in chronic rejection? Am 
J Resp Crit Care Med 2000;161:1349-1354. 

29. Demedts IK, Brusselle GG, Vermaelen KY, Pauwels RA. Identification and 
characterisation of human pulmonary dendritic cells. Am J Respir Cell Mol Biol 
2005;32:177-184. 

30. de Vries VC, Debertin AS, Walles T, Pabst R, Tschernig T. The expression of 
immunologically relevant surface molecules in the human tracheal mucosa is 
unaffected post mortem. Histopathology 2005;48:319-321. 

31. Vermaelen K, Pauwels R. Pulmonary dendritic cells – State of the Art. Am J Resp Crit 
Care Med 2005;172:530-551. 

32. Bimczok D, Post A, Tschernig T, Rothkoetter HJ. Phenotype and distribution of 
dendritic cells in the porcine small intestine and tracheal mucosa and their spatial 
relationship to epithelial cells. Cell Tissue Res 2006;DOI:10.1007/s00441-006-0195-3 

33. Jahnsen FL, Gran E, Haye R, Brandtzaeg P. Human nasal mucosa contains antigen-
presenting cells of strikingly different functional phenotypes. Am J Resp Cell Mol 
Biol. 2004;30:31-37. 

34. Dietrich C, Jecker P, Tschernig T, Mann WJ. Presence of dendritic cells, T 
lymphocytes, macrophages, B lymphocytes and glandular tissue in the human fetal 
larynx. Acta Oto-Laryngol. 2004;124:833-838. 

35. Hiller AS, Kracke A, Tschernig T, Kasper M, Kleemann WJ, Troeger HD, Pabst R. 
Comparison of the immunohistology of mucosa-associated lymphoid tissue in the 
larynx and lungs in cases of sudden infant death and controls. Int J Legal Med 
1997;110:316-322. 

36. Engering A, van Vliet SJ, Hebeda K, Jackson DG, Prevo R, Singh SK, Geijtenbeek 
TBH, van Krieken H, van Kooyk Y. Dynamic populations of dendritic cell-specific 
ICAM-3 grabbing nonintegrin-positive immature dendritic cells and liver/lymph node-
specific ICAM-3 grabbing nonintegrin-positive endothelial cells in the outer zones of 
the paracortex of human lymph nodes. Am J Pathol 2004;164:1587-1595. 

37. Cochand L, Isler P, Songeon F, Nicod LP. Human lung dendritic cells have an 
immature phenotype with efficient mannose receptors. Am J Respir Cell Mol Biol 
1999;21:547-554. 

38. Huh JC, Strickland DH, Jahnsen FL, Turner DJ, Thomas JA, Napoli S, Tobagus I, 
Stumbles PA, Sly PD, Holt PG. Bidirectional interactions between antigen-bearing 
respiratory tract dendritic cells (DCs) and T cells precede the late phase reaction in 
experimental asthma: DC activation occurs in the airway mucosa but not in the lung 
parenchyma. J Exp Med 2003;198:19-30.  

39. Jecker P, Mann WJ, McWilliam AS, Holt PG. Dendritic cell influx differs between the 
subglottic and glottic mucosae during acute laryngotracheitis induced by a broad 
spectrum of stimuli. Ann Otol Rhinol Laryngol 2002;111:567-572. 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


 13

40. Ersch J, Tschernig T, Stallmach T. Frequency and potential cause of bronchus-
associated lymphoid tissue in fetal lungs. Pediatr Allergy Immunol 2005;16:295-298. 

41. Pabst R, Tschernig T. Perivascular capillaries in the lung: An important but neglected 
vascular bed in immune reactions? J Allergy Clin Immunol 2002;110:209-214. 

42. Milling SW, Cousins L, MacPherson GG. How do DCs interact with intestinal 
antigens? Trends Immunol. 2005;26:349-352. 

43. Rescigno M, Urbano M, Valzasina B, Francolini M, Rotta G, Bonasio R, Granucci F, 
Kraehenbuhl JP, Ricciardi-Castagnoli P. Dendritic cells express tight junction proteins 
and penetrate gut epithelial monolayers to sample bacteria. Nat Immunol. 2001;2:361-
367. 

44. Nelson DJ, McMenamin C, McWilliam AS, Brenan M, Holt PG. Development of the 
airway intraepithelial dendritic cell network in the rat from class II major 
histocompatibility (Ia)-negative precursors: Differential regulation of Ia expression at 
different levels of the respiratory tract. J Exp Med 1994;179:203-212. 

45. von Garnier C, Filgueira L, Wikstrom M, Smith M, Thomas JA, Strickland DH, Holt 
PG, Stumbles PA. Anatomical location determines the distribution and function of 
dendritic cells and other APCs in the respiratory tract. J Immunol. 2005;175:1609-18. 

46. Ettmayer P, Mayer P, Kalthoff F, Neruda W, Harrer N, Hartmann G, Epstein MM, 
Brinkmann V, Heusser C, Woisetschlager M. A novel low molecular weight inhibitor 
of dendritic cells and B-cells blocks allergic inflammation. Am J Respir Crit Care 
Med. 2005;DOI:10.1164/rccm.200503-468OC. 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


66µµm thick transversal sectionm thick transversal section

CartilageCartilage

400400µµm (submucosa)m (submucosa)

100100µµm (lamina propria)m (lamina propria)

epitheliumepithelium

CartilageCartilage

Posterior membraneous wallPosterior membraneous wall
(dorsal side)(dorsal side)

Tracheal ringTracheal ring
(ventral side)(ventral side)

TracheaTrachea

600600µµmm

600600µµmm

Figure 1

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


C) D)

40x

A) B)

Nuclei

CD86

CD209

Overlay

40x

PM

PM

TR

TR

Figure 2

E)

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


0 25 50 75 100 125 150
0

500

1000

1500

r=0.42
p<0.01

CD209

C
D

11
a

0 25 50 75 100 125
0

50

100

150

200

250

300

350

400

450

r=0.32
p=0.03

CD209

C
D

40

0 25 50 75 100 125 150
0

100

200

300

400

500

r=0.32
p=0.02

CD209

C
D

54

0 25 50 75 100 125 150
0

100

200

300

r=0.15
p=0.24

CD209

C
D

80

0 25 50 75 100 125 150
0

50

100

150

200

250

300

350

r=0.53
p<0.01

CD209

C
D

86

0 25 50 75 100 125
0

100

200

300

400

500

600

700

r=0.47
p<0.01

CD209

H
L

A
-D

R

0 25 50 75 100 125 150
0

50

100

150

200

250

300

350

400

450

r=0.59
p<0.01

CD209

C
D

11
c

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


Trachea
Lamina Propria

0

100

200

300

400

500

600

700

CD209 CD11c CD80 CD86 CD11a HLA CD40 CD54

ce
lls

/m
m

²

>1year

<1year

Trachea 
Submucosa

0
20
40
60
80

100
120
140
160
180
200

CD209 CD11c CD80 CD86 CD11a HLA CD40 CD54

ce
lls

/m
m

²

>1year

<1year

*

*

*

*

* *

*

*

*

*

*

A

B

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


Posterior Membraneous Wall 
Lamina Propria

0

50

100

150

200

250

300

350

400

450

CD209 CD11c CD80 CD86 CD11a HLA CD40 CD54

ce
lls

/m
m

²

>1year

<1year

Posterior Membraneous Wall 
Submucosa

0

20

40

60

80

100

120

140

160

CD209 CD11c CD80 CD86 CD11a HLA CD40 CD54

ce
lls

/m
m

²

>1year

<1year*

C

D

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060335 on 7 A

ugust 2006. D
ow

nloaded from
 

http://thorax.bmj.com/

