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1. INTRODUCTION 

The immune system is a complex defence system in the 

human body concerned with the state of being immune to the 

invasion by bacteria, viruses and other foreign bodies. It is 

made up of a network of cells, tissues and lymphoid organs. 

Protection against microbial infection is offered by two 

components of this system namely innate and acquired 

immunity (1). 

Innate (non adaptive/ natural immune response) is the 

inborn resistance present even before the first entry of a 

pathogen into the host. Acquired (adaptive immunity) is absent 

at the time of first exposure but resistance develops after being 

exposed to the pathogen. Innate immunity offers the first line 

of defence immediately after the microbial entry into the body. 

Normally when a microbe is not cleared by innate immune 

response the acquired immune response comes forward to 

defend the host. Innate and acquired immune responses co-

operate and interact together to produce an effective clearance 

of the microbe (1). 
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Immune responses are mediated by a variety of cells and 

by the soluble materials which they secrete. Although 

leukocytes are central to all immune responses, other cells 

also participate by signalling to the lymphocytes and 

responding to the cytokines released by  T lymphocytes and 

macrophages (2). 

 Antigen presenting cells are a heterogeneous population 

of leukocytes that carry antigen in a form that can stimulate 

lymphocytes. They are important in innate immunity and play 

a pivotal role in the induction of functional activity of T helper 

cells (TH). In this regard, antigen presenting cells are seen as 

the interface between the innate and adaptive immune 

systems. They are found primarily in the skin, lymph nodes, 

spleen, thymus and within or underneath most mucosal 

epithelia (3).  

DCs are derived from bone marrow and have both 

myeloid and lymphoid lineage. They express very high levels of 

class II MHC proteins and co-stimulatory B7 molecules, hence 

are effective in antigen presentation (1). They are mainly 

localized at the interface between the internal and external 
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environment continuously scrutinizing the incoming antigen 

for the potential threat it may represent to the organism (4).  

Dendritic cells exist in different forms in different tissues. 

Broadly they are classified into four types: Langerhans cells (5), 

blood dendritic cells (6), veiled cells of the afferent lymphatics 

and interdigitating cells of lymphoid organs (7). Langerhans 

cells (LCs) are bone marrow derived DCs. They are specialized 

antigen presenting  DCs which express CD1a, MHC class II 

molecules and Langerin (3). They are found predominantly in 

potential portals of microbial entry like the skin, lung and the 

gastrointestinal tract (8). Langerhans cells cannot be visualised 

using routine histological staining techniques. Various 

methods have evolved to identify LCs including 

immunohistochemistry. Immunohistochemical study using 

anti human CD1a is commonly employed to identify LCs as 

they are the specific and most sensitive marker for LCs (9). 

The presence of Langerhans cell in the human lung had 

been described earlier. However, there are inconsistent and 

conflicting results on the number and function of CD1a 

positive Langerhans cell in different diseased state.. In this 
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study the distribution and morphology of LCs in diseased 

human lung tissue was studied by immunohistochemistry 

using mouse monoclonal anti human CD1a antibody to 

establish their immunological role in those diseases. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5 
 

2. AIM AND OBJECTIVES 

Aim  

To study the distribution and morphology of CD1a 

positive Langerhans cells in human lung tissue from different 

disease conditions by immunohistochemistry using mouse 

monoclonal anti human CD1a antibody. 

Objectives 

i) To study the distribution and morphology of CD1a 

positive Langerhans cells in human lung tissue in 

obstructive pulmonary diseases, benign and malignant 

diseases of the lung. 

ii) To quantify the mean number of CD1a positive 

Langerhans cells per unit square area of lung tissue. 

iii) To compare the mean number of CD1a positive 

Langerhans cells in various anatomical compartments 

of the lung between different lung diseases. 

iv) To compare the mean number of CD1a positive 

Langerhans cells in diseased human lung tissue 

among smokers and non smokers. 
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v) To compare the mean number of CD1a positive 

Langerhans cells in diseased human lung tissue 

among male and female. 
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3. LITERATURE REVIEW 

 

3.1 Dendritic cells 

  The term dendritic cell was coined by Ralph M Steinman 

and Zanvil A Cohn in 1973 (10). They were named so because 

of their surface projections that resemble the dendrites of 

neurons (11). The crucial task of DC is the continuous 

surveillance of antigen exposed sites throughout the body and 

their unique responsibility is to decide whether to present 

sampled antigen in an immunogenic or tolerogenic way (12). 

Dendritic cells are found as diffuse minor population in all 

surface epithelia and in many solid organs.  

3.1.1. Types of dendritic cells 

Dendritic cells assume various forms in different sites of 

the body. They are broadly classified into the following types: 

i. Langerhans cells 

ii. Blood DCs 

iii. Veiled cells 

iv. Interdigitating cells 

v. Interstitial-type DCs 

vi. Follicular DCs 
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3.1.2. Langerhans cells 

  Langerhans cells are of mesenchymal origin and are 

derived from bone marrow (5). Langerhans Cells were first 

described by Paul Langerhans in 1868. In 1959, Silvers first 

demonstrated that aurophilic dendritic cells of the epidermis 

were not of neural crest origin and were thus not related to 

melanocytes (13). In 1961, Birbeck et al used electron 

microscopic techniques to show that LCs contain a 

characteristic organelle referred to as the Birbeck granule or 

the Langerhans cell granule (14).  Subsequent studies showed 

that LCs reside in the epidermis in an immature state but have 

the capacity to migrate and develop into mature lymphoid DCs 

(15). 

Structure of Langerhans cells 

Langerhans cells are irregularly shaped cells with many 

cytoplasmic processes. These cells measure 10-12µm in 

diameter. They contain abundant eosinophilic cytoplasm, a 

well developed golgi complex and lysosomes. The nucleus is 

indented and  euchromatic (14,16).  
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Figueroa and Caorsi classified LCs based on the 

characteristics of their  dendritic  processes into five types as 

follows:  

Type I: A single unbranched process 

Type II: A single process which divides into branches 

Type III: Two processes irrespective of their branching pattern 

Type IV: Three or more dendritic processes 

Type V: Three or more dendritic processes but these in turn 

branch intricately (29). 

Ultra structure of Langerhans cells 

Langerhans cells are identified ultra structurally by the 

presence of Birbeck granules and by the lack of tonofilaments 

and desmosomes (17). 

Birbeck granules  

Birbeck granules are membrane lined bodies discovered 

by Michael Stanley Clive Birbeck in 1961 (16). They are 

identified at the sub microscopic level as distinctive rod 

shaped, horse shoe shaped or tennis racket shaped structures 
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of variable length with a central periodically striated lamella 

(14). This central striation gives them a zipper-like appearance 

whatever may be their shape (18). Birbeck granules are seen 

either in the golgi region or in other areas of cytoplasm and in 

the dendritic processes. These granules are also seen attached 

to the plasma membrane and their interior is continuous with 

the extracellular space (19). Therefore, conflicting theories 

exist regarding the derivation and function of these granules. 

According to secretion or exocytosis theory, Birbeck granules 

have an intracellular origin either from golgi apparatus or 

endosomes (18–20). The endocytosis theory suggests that 

Birbeck granules originate from the cell membrane. During 

endocytosis, the cell membrane  evaginates as coated pits that 

pinch off to form intracellular Birbeck granules (21,22). 

Langerhans cells are widely distributed in the body. Apart 

from the epidermis LCs have also been described in many sites 

like the buccal mucosa (23), oesophagus (24), lungs (25), 

female genital tract (26), conjunctiva (27), palatine tonsil (28), 

vocal cords (29).  
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Methods for demonstration of Langerhans cells 

Langerhans Cells cannot be identified in routine 

histological sections stained using haematoxylin and eosin. 

However they can be identified using different techniques like 

histochemistry, enzyme histochemistry, 

immunohistochemistry or electron microscopy. 

a. Histochemical technique 

This can be used to visualise the dendritic morphology of 

LCs. Gold chloride impregnation was used by Paul Langerhans 

to discover LCs. Langerhans Cells can also be stained by other 

histochemical techniques using osmium iodide and quinine 

imine dyes such as methylene blue and cresol blue, but these 

are not specific (30). 

b. Enzyme histochemistry: 

Adenosine triphosphatase (ATPase) is an enzyme used in 

labelling LCs. In human epidermis ATPase is not LC-specific as 

ATPase positive melanocytes and keratinocytes have been 

reported in studies (30). Modified ATPase staining in which 
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ATPase staining was combined with other methods that 

employed cobalt chloride, gold sodium thiomalate and 

paraphenylenediamine provided greater capability for 

observing the LCs in diseased status. Also enzyme 

histochemical studies using acid phosphatase, alpha-

naphthylacetatesterase and a combined stain with adenosine 

triphosphatase and gold are also described (31,32). However, 

these techniques present problems with the specificity of 

reaction and complication of procedure. 

c.  Electron microscopic studies 

This is the gold standard for identification of LCs by 

demonstrating the presence of Birbeck granules (30).  

d. Immunohistochemistry 

The LCs express surface markers characteristic of cells of 

macrophage-monocyte lineage (33–35). A number of antigenic 

markers have been identified on the cell surface of LCs. These 

include S-100 protein (35),  HLA-DR, CD1a (33,36), Langerin 

(37) and  E-Cadherin (38). 
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S-100 is a calcium binding protein composed of α and β 

subunits and LCs are strongly positive for this protein (39). 

But S-100 is less specific for LCs because it is also present in 

Schwann cells, fat cells, chondrocytes, interstitial cells of 

pineal gland, stellate cells of adenohypophysis and satellite 

cells of adrenal medulla (40). Another major disadvantage of S-

100 is co-expression by both LCs and melanocytes. Since LCs 

are marked by the glial S-100 protein, it suggests that the LCs 

represent a monocyte sub population morphologically and 

functionally different from tissue histiocytes (41). 

 Langerin is a type II membrane associated C-type lectin 

with mannose specificity which is expressed by LCs in the 

epidermis and Birbeck granules intracellularly (42). Langerin 

is found to be a key molecule to trace LCs and to probe 

Birbeck granule function.  

Although HLA-DR is one of the markers for LCs the 

drawback in HLA-DR labelling is that inflammatory cells that 

infiltrate the epidermis such as B cells, some activated T cells 

and mononuclear phagocytes also express  HLA-DR antigen 

(9,43). 
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CD1a antibody 

Cluster of differentiation (CD) refers to groups or clusters 

of monoclonal antibodies each cluster binding specifically to a 

particular cell marker. The CD system depends upon computer 

analysis of monoclonal antibodies produced mainly in mice 

against human leukocyte antigens. Monoclonal antibodies with 

similar characteristics were grouped together and given a CD 

number – CD1, CD2, CD3 etc.  Currently there are nearly 340 

CD numbers assigned with some of them having subdivisions 

(2).  

The CD1 family of transmembrane glycoproteins are 

structurally related to major histocompatibility glycoproteins  

and are non covalently associated with β2 microglobulin 

(42,44,45). These CD1 antigen-presenting glycoproteins are  

characterized by hydrophobic pockets which allow binding of 

lipid, glycolipid and lipopeptide molecules of  self or microbial 

origin to stimulate specific T cells (46). 

In humans five CD1 genes called CD1A, CD1B, CD1C, 

CD1D  and  CD1E encoding protein molecules CD1a, CD1b, 

CD1c, CD1d and CD1e, respectively are present on 
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chromosome 1 (band 1q22-23) (46). Four subtypes that have 

been identified in LCs include CD1a, CD1b, CD1c, CD1d  

(30,47). These subsets are also found on other dendritic cells, 

cortical thymocytes and a subset of B cells. These antigens can 

be detected serologically and many different monoclonal 

antibodies are available for each subgroup (48). 

The first member described was HTA (human thymocyte 

antigen) this was later found to be the same as T6/CD1a (49). 

CD1a mediates the presentation of non peptide antigens to T 

cells (42). Most of the DC subsets predominantly display CD1b 

molecules with varying degrees of CD1a and CD1c expression 

(44). But LCs express CD1a molecules at exceptionally high 

levels with virtually no CD1b and only modest CD1c 

expression (44). Hence CD1a is considered to be the most 

specific and sensitive marker for LCs (9). 

Blood dendritic cells 

Myeloid DCs express CD11c whereas plasmacytoid DCs 

express CD123 (50). Myeloid DCs capture antigen from the 

periphery and then migrate to lymphoid organs where they 

present the processed antigen to initiate an immune response. 
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Plasmacytoid DCs are found in thymic medulla and also in 

lymph node T cell areas where their activity relates to 

acquisition of immunogenic tolerance (51). 

Veiled cells 

Dendritic cells in the afferent lymphatics are termed 

veiled cells. They are not found in the efferent lymphatics  (5). 

Interdigitating cells 

These cells are found in the peripheral T cell zone of 

lymphoid organs (52,53). 

Interstitial-type DCs 

These cells  are effective in stimulating T cells and also 

efficient in inducing B cell proliferation (54).  

Follicular dendritic cells.  

There exists a different type of DC found in the B cell 

areas of follicles of lymphoid organs called follicular DCs. They 

play a central role in events related to humoral immunity in 

lymphoid follicles (55). 
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3.2  Lung 

3.2.1 Histology of Lung 

The respiratory system has two parts a conducting 

portion and respiratory portion. The conducting portion 

consists of the nose, pharynx, larynx, trachea, bronchi and 

larger bronchioles which are relatively rigid structures being 

constantly patent. The respiratory portion consists of 

respiratory bronchioles, alveolar ducts, alveolar sacs and 

alveoli, here gaseous exchange occurs between air and blood 

(56). 

The trachea divides into two primary bronchi which on 

entering the hilum divide into three secondary (lobar) bronchi 

in the right lung and two in the left lung. These lobar bronchi 

again divide forming tertiary (segmental) bronchi each of which 

supplies a bronchopulmonary segment (57). The 

intrapulmonary bronchi are lined by pseudostratified ciliated 

columnar epithelium, with a thin lamina propria and  sub 

mucosa containing seromucus glands and lymphoid elements 

(56). In primary bronchi cartilage rings completely encircle the 

lumen, but as the diameter of the bronchiole decreases 



18 
 

isolated plates of hyaline cartilage replaces the cartilage rings 

(57).   

No abrupt transition is seen between bronchi and 

bronchioles which is regarded as a conducting tube of less 

than 1mm diameter or less (58). Epithelial lining of 

bronchioles ranges from ciliated pseudostratified  columnar, 

which decreases in height with occasional goblet cells in larger 

bronchioles to ciliated simple columnar or cuboidal with 

occasional non cilated columnar, clara cells with their domed 

shaped apices protruding into the lumen and no goblet cells in 

smaller terminal bronchioles. Cartilage, glands, lymphatic 

tissue are absent with only a thin adventitia of connective 

tissue (56).  

Each bronchiole enters a pulmonary lobule where it 

branches to form five to seven terminal bronchioles. Terminal 

bronchioles have only small patches of ciliated cells found in a 

basic non ciliated cuboidal epithelium. Throughout 

bronchioles, few brush and small granule neuroendocrine cells 

are also present in the epithelium.  
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Each terminal bronchiole subdivides into two or more 

respiratory bronchioles that serve as regions of transition 

between the conducting and respiratory portion of the 

respiratory system (56). The lining epithelium of respiratory 

bronchiole is non ciliated low cuboidal. Interlacing bundles of 

smooth muscle and elastic fibro connective tissue support it. 

The wall of the respiratory bronchiole is interrupted by alveoli. 

At the openings of these alveoli the cuboidal lining epithelium 

is continuous with the simple squamous alveolar lining (56). 

 Respiratory bronchioles branch into tubes called alveolar 

ducts (57). Alveolar ducts are cone shaped thin walled tubes 

with a squamous epithelial lining. External to the epithelium is 

thin fibroelastic connective tissue. Around the circumference 

of the duct are openings of numerous alveoli and alveolar sacs 

and particularly at their origin smooth muscle fibres are 

prominent (56). The alveolar ducts open into atria of two or 

more alveolar sacs. Alveolar sacs are multilocular, a collection 

or cluster of alveoli opening into a central slightly larger 

chamber (57). 
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Alveoli are sac like out-pouchings of the respiratory 

bronchioles, alveolar ducts and alveolar sacs. Alveoli are 

polyhedral or hexagonal in shape and their epithelium 

contains two types of cells (56). Type I alveolar cells / Type I 

pneumocytes are squamous alveolar cells which cover 97% of 

the alveolar surface. Their cytoplasm is extremely attenuated 

and only the flattened nuclei can be resolved under light 

microscope. Type II alveolar cells / Type II pneumocytes occur 

singly or in small groups between the squamous cells. They 

are cuboidal cells with vacuolated cytoplasm and spherical 

nuclei that may bulge into alveolar spaces (57). 

 

Bronchus associated lymphatic tissue (BALT) 

An accumulation of lymphoid cells with a typical 

localization of B lymphocytes preferentially in a follicle, and T 

lymphocytes more peripherally around high endothelial 

venules in the wall of bronchi is called bronchus-associated 

lymphoid tissue (BALT) (59). This was first described in the 

lungs of rabbits and differs greatly between species. It is part 

of the integrated mucosal immune system (60) and is involved 
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in antigen distribution and processing between the lung tissue 

and the mediastinal lymph nodes (61). BALT is not present in 

all species and age groups (59). In healthy humans it can be 

found only in the lungs of children and adolescent and not in 

adults (60). 

 Inducible BALT  (iBALT) is formed as a result of 

inflammation (62). It is located in peribronchial, perivascular, 

and interstitial areas throughout the lung (63). Tertiary 

lymphoid organs are organized aggregates of B and T cells 

formed in postembryonic life in response to chronic immune 

responses to infectious agents or self-antigens (64). Bronchus 

associated lymphatic tissue can be classified as a tertiary 

lymphoid organ (59). It is formed by  lymphocyte aggregation 

along with follicular DCs. T cells and DCs lie beneath the 

epithelium (65,66). Lymphatics along with high endothelial 

venules (HEVs) are also found to be associated with Ibalt 

(67,68).  

CD11c+ DCs are consistently found in regions of tertiary 

lymphoid organs (64). Dendritic cells are among the first cells 

to be recruited into the sites of developing BALT and seem to 
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represent key organising cells in BALT biology (61). Lung DCs 

are essential for the maintenance of iBALT and depletion of 

DCs results in iBALT disintegration and reduction of germinal 

centre reactions, thereby affecting humoral immune responses 

(64). 

 The presence of iBALT has been documented in several 

pulmonary disease which includes COPD (69), interstitial lung 

disease, rheumatoid arthritis and cancer (63). The number of 

BALT in the disease conditions was variable. Lungs from 

patients with idiopathic pulmonary fibrosis did not display 

iBALT. Hence iBALT may not strictly be induced by pulmonary 

inflammation. The number increases as the severity of the 

disease worsens in COPD and rheumatologic lung diseases 

(63). BALT is capable of supporting long lasting T cell-DC 

interactions as well as efficient in priming naive T cells (61).  

Alveolar macrophages 

Alveolar macrophages are  found in the alveoli and in the 

interalveolar septum (57). In the alveoli they scan the surface 

to remove any inhaled particulate matter like dust and pollen, 

and are called dust cells (70). These macrophages in lung are 
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often slightly darker due to their content of dust and carbon 

from air and complexed iron (hemosiderin) from erythrocytes 

(57).Though alveolar macrophages are effective in dealing with 

microbial intrusion they may not always produce inflammatory 

response (71). 

 

3.2.2. Diseases of the Lung 

Bronchiectasis  

Bronchiectasis is one of the obstructive pulmonary 

diseases in which the bronchioles undergo irreversible 

dilatation due to erosion of its muscular component. It coexists  

with many other infective states caused by viruses 

(adenovirus, influenza virus) and fungi (Aspergillus species), 

bronchial obstruction due to tumour and foreign body (72). 

The histological findings depend on the activity and 

chronicity of the disease. The bronchial epithelium may be 

normal or ulcerated, might show mucus hyperplasia or 

squamous metaplasia.. The muscle and elastic tissue are 
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destroyed often cartilage is also replaced by fibrosis. 

Sometimes lymphatic infiltration with conspicuous germinal 

centre may be present (73).  

Congenital cystic adenomatoid malformation of the lung 

(CCAM) 

This is a rare developmental anomaly of the lower 

respiratory tract with multicystic lesions on the terminal 

bronchioles (74). It usually affects a single lobe and the 

expanding mass compresses the adjacent lung causing severe 

respiratory distress (73). These malformations are classified 

into three types based largely on their gross appearance. Type 

I has a large (>2 cm) multiloculated cysts. Type II has smaller 

uniform cysts. Type III is not grossly cystic referred to as the 

"adenomatoid" type (74). Microscopically the lesions are not 

true cysts but communicate with the surrounding 

parenchyma. The cysts are lined by bronchial or cuboidal 

epithelium with prominent clusters of mucinous cells among 

the septa (73). 
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Tumours of the lung 

Adenocarcinoma  

This is the most common form of lung cancer in women 

and in non-smokers and in many studies, men as well. In this 

tumour the epithelial cells undergo glandular differentiation. 

The lesion is peripherally located, tends to be small, grow more 

slowly but metastasize widely and early (72). 

Carcinoid tumour/ Neuroendocrine tumor 

It is a tumour of the neuroendocrine cells of the 

bronchiolar epithelium as a result of inflammation of the 

airway. This low grade malignant neoplasm is subclassified 

into typical and atypical carcinoids (72). 

Lung hamartoma/ Chondroid hamartoma 

It is a relatively common lesion, located in the peripheral 

part of the lung. It consists of aggregates of connective tissue, 

exclusively cartilage component separated by clefts lined by 

epithelial cells. It is rare in childhood and its incidence 

increases with age (72). 
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Metastatic tumours 

Metastatic thymoma 

 Thymoma is an uncommon tumour, originating from 

the epithelial cells of the thymus. It is known for its 

association with the neuromuscular disorder  myasthenia 

gravis (75). Thymoma is found in 15% of patients with 

 myasthenia gravis (72). Invasive thymomas uncommonly can 

also metastasize generally to pleura, bones, liver or brain in 

approximately 7% of cases (75).  

 

3.3. Dendritic cells in lungs 

Studies on animals have shown that  DCs are present in 

a reticular network pattern in the parenchyma of lung of 

guinea pigs. These cells are also present in the subepithelial 

tissue of terminal bronchioles and in the alveolar epithelium in 

the lungs of rabbits (76). In a study on pathogen free rats 

housed on low dust chaffed bedding DCs number within each 

airway generation varied.  

 

http://en.wikipedia.org/wiki/Epithelial_cell
http://en.wikipedia.org/wiki/Thymus
http://en.wikipedia.org/wiki/Myasthenia_gravis
http://en.wikipedia.org/wiki/Myasthenia_gravis
http://en.wikipedia.org/wiki/Myasthenia_gravis
http://en.wikipedia.org/wiki/Metastasis


27 
 

Dendritic cells and alveolar macrophages 

The function of the dendritic cells in the lung are 

influenced by the alveolar macrophages. These alveolar 

macrophages produce certain factors which inhibit the 

function of pulmonary dendritic cells and therby suppress the 

stimulation of T cells. (77).  

3.4. Dendritic cell and smoking 

Cigarette smoke alters immunity by modifying the 

functions of various immune cells. The constituents present in 

the cigarette smoke will cause retention of the pulmonary 

dendritic cells by inhibiting their migration to the lymph nodes 

(78) 
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4. MATERIALS AND METHODS 

 4.1 Collection of specimens 

Ethical approval was obtained from the Institutional 

Review Board, Christian Medical College, Vellore for this study. 

Human lung biopsies were collected from patients who 

underwent pulmonary surgery, in the Department of 

Cardiothoracic Surgery, Christian Medical College, Vellore for 

various indications like bronchiectasis, benign and malignant 

tumours. Informed consent was obtained from all the patients 

who participated in this study. The sample size was calculated 

as 30, using the formula n=4pq/d2, where p is for proportion, 

q = 1-p and d is precision. Total number of lung specimens 

collected was 30 and they were classified into eight categories 

as follows:- 

Obstructive pulmonary diseases 
 
1. Bronchiectasis - 8 

2. Bronchiectasis with interstitial pneumonia- 5 

3. Bronchiectasis with aspergilloma-3 
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Benign Tumours 

4. Congenital cystic adenomatoid malformation- 3 

5. Chondroid hamartoma- 2 

Malignant tumours  

Primary  

6.  Adenoid carcinoma- 2 

7.  Carcinoid tumour- 6 

Secondary 

8. Metastatic Thymoma- 1 

 

4.2.Immunohistochemical staining with mouse 

monoclonal anti-CD1a 

Fixation and processing 

The tissue were stored in neutral formalin for about 7-10 

days to allow for proper fixation and then processed for 

immunohistochemistry. The tissues were dehydrated using 

ascending grades (70%, 80%, 90%, 95% and 100%) of 

isopropyl alcohol, cleared in toluene, infiltrated with molten 

paraffin wax and then embedded in paraffin wax. 
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Sectioning and staining 

The tissues embedded in paraffin blocks were sectioned 

using a rotary microtome (Leica RM2125). Four to five 

micrometer thin serial sections were taken. These sections 

were floated in hot water bath (58-60° C) and then mounted on 

clean slides and incubated for 24 hours at 37°C and then at 

56°C overnight and stored before staining. 

Immunohistochemical staining  

Every fourth or fifth consecutive slide was selected from 

each tissue biopsy for immunohistochemical staining with 

mouse monoclonal anti human CD1a antibody. The technique 

used for immunohistochemical staining was the Polymer-HRP 

(Horse Radish Peroxidase) Detection system. This is a 

modification of the standard avidin biotin peroxidise technique 

and is a biotin free detection system. The primary antibody 

(Flex Monoclonal Mouse Antihuman CD1a clone 010) was 

purchased from DAKO company, USA. The Universal HRP 

Detection System purchased from ScyTek laboratories, USA 

contained: 
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i. Peroxide block: 3% hydrogen peroxide in water. 

ii. Super block reagent:  Casein and propriety additives in 

PBS (Phosphate Buffered Saline) with 0.09% sodium azide 

used as a protein blocking agent. 

iii. Anti Polyvalent HRP – Anti-mouse and anti-rabbit IgG, 

labelled with enzyme polymer in phosphate buffered 

saline. 

iv. DAB (3,3-Diamino benzidine) Chromogen Concentrate – 

DAB is a sensitive HRP colorimetric chromogen. 

v. DAB Substrate (High Contrast) – Tris buffer containing 

the peroxides and stabilizers. 

 

Principle of the Polymer-HRP Detection system 

The demonstration of antigens in tissues and cells by 

immunohistochemical staining is a two step process. The first 

step is the binding of an antibody to the antigen of interest. 

The second step involves detection and visualisation of the 

bound antibody by one of a variety of enzyme chromogenic 

systems. 
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Tissue or cell preparations are fixed or frozen, sectioned 

and attached to slides. The sections are then dewaxed if 

paraffin embedded, antigen retrieval done, blocked with a 

proteinaceous blocking solution and then incubated with a 

primary antibody. The bound primary antibody is detected by 

the addition of secondary antibody conjugated with 

horseradish peroxidise polymer and DAB substrate or AEC 

(3amino-9-ethlycarbazole) substrate. When adequate colour 

develops the slides are washed in water to stop the reaction, 

counterstained and mounted. 

The super sensitive polymer – HRP Detection System is a 

novel detection system using a non biotin polymeric 

technology that makes use of Poly HRP reagent. As the system 

is not based on the biotin avidin system, problems associated 

with endogenous biotin are completely eliminated. This 

Polymer HRP Detection System achieves signal amplification 

and thereby an enhanced sensitivity by increasing the number 

of enzyme molecules which are conjugated to the secondary 

antibody. 
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Preparation of the buffers used 

EDTA buffer (pH 9.0) was used as the buffer during the 

process of antigen retrieval. 

Tris Buffered Saline (pH 7.6) was used as the wash buffer 

during staining. 

They were prepared as follows 

EDTA Buffer 2 Litres 

i. Tris (hydroxymethyl methylamine) - 12.1 grams 

ii. EDTA (ethylene diamine tetra acetic acid disodium salt) - 

1.493grams 

iii. Distilled water – 2 litres 

The pH of the solution was adjusted to 9.0 

 

Tris Buffered Saline (TBS) - 2 litres 

i. Sodium chloride – 16 grams 
 

ii. Tris -1.210 grams 

 0.1 Normal hydrochloric acid - 8 ml 

iii. Distilled water – 2 litres   
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The pH of the solution was adjusted to 7.6 

 

Staining procedure 

The steps followed for staining the paraffin sections: 

1. The slides were selected and immersed in a trough of 

xylene for 30 minutes for dewaxing. 

2. They were then immersed in absolute isopropyl alcohol 

twice, each for a minute for de-xylenization. 

3. The slides were washed in running water for 10 minutes. 

4. Antigen retrieval:  

Fixation and processing of the tissue into paraffin blocks 

masks the presence of antigenic epitopes because of 

formalin cross linking that occurs. Therefore, prior to 

immunohistochemical staining, the paraffin sections have 

to undergo a process of antigen retrieval. By this process 

the formalin cross links are broken and the antigens are 

free to react. There are different techniques of antigen 

retrieval for different antigens. The CD1a antigen requires 

the heat retrieval method. In the present study, a 
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pressure cooker was used for heat retrieval. The steps of 

the procedure were as follows: 

a. The washed slides were transferred to distilled water 

for 1-2 minutes. 

b. The EDTA buffer was preheated in a pressure 

cooker, without using the weight, till steam escaped. 

c. The slides were arranged in a slide rack leaving 

adequate gap between the slides and then 

transferred to the preheated buffer. 

d. The slides were pressure cooked for 10 minutes at 

120ºC, 15 psi pressure. 

e. The pressure cooker was then plunged into sink of 

water to cool it to room temperature. 

f. The slides were then transferred to distilled water 

for 5 minutes. 

g. They were then washed in TBS twice, each for 5 

minutes. 

The rest of the staining procedure was carried out in an air 

conditioned room. 
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5. Peroxidase block: 

 The peroxidase block solution contains 3% hydrogen 

peroxide in water. This step was used to block 

endogenous peroxidases and was carried out in a dark 

room to prevent the decomposition of hydrogen peroxide 

in the reagent. The sections were covered with the 

solution and the slides were kept in a humidification 

chamber for 10-15 minutes. 

6. The excess solution was drained off and the slides were 

transferred to TBS for 2 changes of 5 minutes each 

7. Super block: 

 The super block reagent is a protein blocking reagent 

containing casein and proprietary additives and 

Phosphate Buffered Saline (PBS) with 0.09% sodium 

azide. The sections were covered with this reagent and 

the slides were kept in humidification chamber for 10 

minutes. The super block solution blocks the endogenous 

proteins. 

8. The excess solution was drained off. 

9. Primary Antibody:  

The primary antibody is a purified mouse monoclonal 
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antibody diluted in phosphate buffered saline, pH 7.6 

containing 1% BSA (Bovine Serum Albumin) and 0.09% 

sodium azide. The sections were covered with the primary 

antibody (CD1a) and incubated in the humidification 

chamber for 1 hour.  

10. The excess of antibody solution was drained off and the 

slides were transferred to TBS for 2 changes of 5 minutes 

each. 

11. Poly HRP Reagent:  

This is a purified mouse monoclonal antibody diluted in 

PBS. It is the enzyme labelled antibody solution. The 

sections were covered with this reagent and incubated for 

one hour in the humidification chamber. 

12. The excess solution was drained off and the slides were 

washed in TBS for 2 changes of 5 minutes each. 

13. DAB chromogen:  

This step is the chromogen reaction to visualize the 

enzyme labelled antigen antibody complex. One drop of 

the DAB chromogen was mixed with 1 ml of stable DAB 

buffer.  DAB offers a good sensitivity as an HRP 

colorimetric chromogen. The stable DAB substrate buffer 
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is a Tris buffer containing the peroxidases and stabilizers. 

This step was also carried out in a dark room to prevent 

decomposition of the hydrogen peroxide in the stable 

DAB buffer. The sections were covered with DAB solution 

and the slides were placed in the humidification chamber 

for 10 minutes. 

14. The slides were washed in TBS buffer for 5 minutes after 

the excess of DAB solution was drained off. 

15. The slides were washed in running water for 10 minutes. 

16. Counterstaining: 

In order to counterstain the nuclei of the cells in the 

sections, the following process was done. 

a. The slides were dipped in Harri`s haematoxylin 

twice. 

b. The slides were washed in running water for 5 

minutes. 

c. The slides were dipped in a concentrated solution of 

lithium carbonate twice for blueing. 

17. The slides were then blotted and air dried. 

18. The slides were then dipped in xylene and mounted with 

DPX. 
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Controls: Positive control slides (slides known to contain CD1a 

positive LCs) were used as controls while staining each set of 

slides. 

4.3. Analysis 

Qualitative analysis 

The sections stained with mouse monoclonal anti-CD1a 

were examined using the light microscope Olympus BX43 

fitted with Olympus DP21 camera. The location, morphology 

and pattern of distribution of the CD1a positive LCs in the 

lung tissue were studied.   

Quantitative analysis 

CD1a positive cells were counted under a magnification 

of 40X using CellSens Standard image analyzer software 

(version 1.4). 100 fields were examined in each tissue sample, 

each field measuring 50,000µm2. The total number of CD1a 

positive cells in 100 fields (i.e. per 5mm2) in each tissue 

sample was counted. 
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The 30 lung tissue samples obtained for the study were 

from different disease conditions which were classified into 

eight categories. In all eight categories the number of CD1a 

positive LCs in 5mm2 of lung tissue was counted. Their 

distribution in the different compartments of the lung was also 

noted.  

Statistical analysis 

SSPS version 17 was used for the statistical analysis. The 

distribution of CD1a positive LCs in the lung tissue was 

reported using mean, median and standard deviation.  Non 

parametric tests namely Kruskal Wallis and Mann Whitney U 

test were done.  Kruskal Wallis test was used when 

comparison involved more than two groups. Mann Whitney U 

test was done when comparison was between two groups. 
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5.  RESULTS 

5.1 QUALITATIVE ANALYSIS  

In the 30 lung tissue studied by immunohistochemistry 

technique using mouse monoclonal anti-human CD1a, 28 

biopsies showed  the presence of CD1a positive LCs. Two 

biopsies, one, a case of congenital cystic 

adenomatoidmalformation and the other, a case of 

adenocarcinoma, were negative for CD1a LCs. 

 The distribution of CD1a positive LCs in different 

anatomical compartments of the lung was studied.  Since the 

tissue obtained was from the peripheral part of the lung, no 

intrapulmonary bronchi were found in the sections. So the 

distribution and morphology of CD1a positive LCs could not be 

studied in intrapulmonary bronchus. CD1a positive LCs were 

noted predominantly in the epithelium of bronchioles (Fig: 1) 

in all the 28 biopsies. The structure of LCs seen were similar 

to those described in previous studies of these cells. The cell 

body was round to ovoid with a large, circular nucleus and 

dendritic processes. Langerhans cells with single process, two 

processes and three processes were seen (Fig: 2). 
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 The alveolar compartment which includes alveoli and 

interalveolar septa was devoid of any typical CD1a positive 

LCs. But cells of atypical morphology were noted in the alveoli 

amidst type I and type II pneumocytes and also in the 

interalveolar septa (Fig: 3). These CD1a positive atypical cells 

appeared round and non-dendritic with large amount of 

cytoplasm. Some of these cells were large in size and 

multinucleated. They were found along the luminal surface of 

the alveoli and in the interalveolar septa. These atypical cells 

showed weak CD1a positivity (Fig: 4). Because of their 

morphological appearance and location, these CD1a positive 

atypical cells were considered to be alveolar macrophages. 

These CD1a positive atypical cells were seen in the alveolar 

wall in biopsies of bronchiectasis, bronchiectasis with 

interstitial pneumonia, congenital cystic adenomatoid 

malformation and carcinoid tumour. 

Interstitium 

     CD1a positive LCs was present in the interstitium in a 

case of bronchiectasis, carcinoid and chondroid hamartoma. 
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These cells in the interstitium showed typical dendritic 

morphology (Fig: 5). 

Bronchus associated lymphatic tissue (BALT) 

The CD1a positive cells were present in relation to BALT 

in one case of bronchiectasis, bronchiectases with interstitial 

pneumonia, and chondroid hamartoma (Fig: 6). 

5.2 QUANTITATIVE ANALYSIS  

Distribution of LCs in different anatomical compartments 
of diseased human lung tissue 

Conducting portion of the airway / Bronchioles 

In this study CD1a positive LCs were present in the 

epithelium and subepithelium of the bronchioles.  In the 

bronchiolar epithelium CD1a positive cells showed typical 

dendritic morphology (Fig: 1).  

The mean number of CD1a positive LCs in the 

bronchiolar epithelium was highest in the case of metastatic 

thymoma (119.00/5mm2) and lowest in adenocarcinoma 

(2/5mm2, Table 1). 
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Using non parametric Kruskal Wallis and Mann Whitney 

U tests, there was no significant difference in the distribution 

of mean number of CD1a positive LCs in bronchioles across 

different disease conditions of the lung (Table 2) 

Table 1:  Number of CD1a positive LCs in bronchioles per 
5mm2 of lung tissue 

Total number of CD1a positive LCs in the lungs 

There was no significant difference in the mean of total 

number of CD1a positive LCs when compared across different 

disease states using non parametric tests namely Kruskal 

Wallis and Mann Whitney U tests (Table 3). 

S.No Categories Mean 
Media

n 

Standard 

deviatio
n 

     

1. Bronchiectasis 19.50 16.00 20.93 

2. Bronchiectasis  with  
interstitial pneumonia 

12.20 10.00 9.60 

3. Bronchiectasis with 
aspergilloma 

57.67 30.00 62.29 

4. Congenital cystic 

adenomatoid malformation 

19.50 19.50 10.60 

5. Chondroid hamartoma 80.00 80.00 8.48 

6. Carcinoid tumour 31.67 16.00 35.78 

7. Adenocarcinoma  2   

8. Metastatic thymoma 119.00   
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Table 2: Comparison of distribution of number of CD1a 
positive LCs in bronchioles across different diseased states 

of lung using non parametric tests 

KW- Kruskal Wallis Test, MW- Mann Whitney U Test 

 

 Categories p value Nonparametric 
Test 

1. Among obstructive pulmonary diseases 
Bronchiectasis vs. Bronchiectasis with 

interstitial pneumonia vs. Bronchiectasis 
with aspergilloma 
 

.268 KW 

2. Obstructive pulmonary diseases vs. 
Benign disease 

(Bronchiectasis +  Bronchiectasis with 
interstitial pneumonia + Bronchiectasis 
with aspergilloma)  vs. Chondroid 

hamartoma 
 

.052 MW 

3. Obstructive pulmonary diseases vs. 
Primary malignant disease 
 (Bronchiectasis vs. Bronchiectasis with 

interstitial pneumonia  vs.  
Bronchiectasis with aspergilloma)  vs. 
(Adenocarcinoma + Carcinoid tumour) 

 

.702 MW 

4. Primary malignant disease  vs. Benign 

disease 
(Adenocarcinoma + Carcinoid tumour) vs. 
Chondroid hamartoma  

 

.102 KW 

5. Malignant disease  vs. Benign disease 

(Adenocarcinoma + Carcinoid tumour 
+Metastsatic thymoma ) vs. Chondroid 
hamartoma 

 

.327 MW 

6. Across all diseased conditions 
Bronchiectasis vs. Bronchiectasis with 

interstitial pneumonia vs. Bronchiectasis 
with aspergilloma vs.  Carcinoid tumour  

vs. Congenital cystic adenomatoid 
malformation  vs. Chondroid hamartoma  

.303 MW 
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Table 3: Comparison of distribution of total number of 
CD1a positive LCs in the lungs/5mm2 across different 

categories 

KW- Kruskal Wallis Test, MW- Mann Whitney U Test 

 

 Categories p value Nonparametric 

Test 

1. Among obstructive pulmonary diseases 
Bronchiectasis vs. Bronchiectasis with 

Interstitial pneumonia vs. Bronchiectasis 
with aspergilloma 
 

.292 KW 

2. Obstructive pulmonary diseases  vs. 
Benign disease 
(Bronchiectasis + Bronchiectasis with 

interstitial pneumonia  + Bronchiectasis 
with aspergilloma) vs. Chondroid 

hamartoma 
 

.052 MW 

3. Obstructive pulmonary diseases  vs. 

Primary malignant disease 
Bronchiectasis  +  Bronchiectasis with 
interstitial pneumonia  +  Bronchiectasis 

with aspergilloma)  vs. Carcinoid tumour) 
 

.802 MW 

4. Primary malignant disease  vs. Benign 
disease  
(Adenocarcinoma + Carcinoid tumour)  vs. 

Metastatic thymoma  vs. Chondroid 
hamartoma 

 

.286 KW 

5. Malignant disease  vs. Benign disease 
Adenocarcinoma + Carcinoid tumour 

+Metastsatic thymoma ) vs. Chondroid 
hamartoma 
 

.327 MW 

6. Across all diseased conditions 
Bronchiectasis vs. Bronchiectasis with 

interstitial pneumonia vs. Bronchiectasis 
with aspergilloma vs.  Carcinoid tumour  
vs. Congenital cystic adenomatoid 

malformation  vs. Chondroid hamartoma 

.463 MW 
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Atypical CD1a positive cells 

The mean numbers of atypical CD1a positive cells 

present in the alveoli in the disease conditions like 

bronchiectasis, bronchiectasis with interstitial pneumonia, 

congenital cystic adenomatoid malformation and carcinoid 

tumour are shown in Table 4.  

Table 4:  Mean numbers of CD1a positive atypical cells in 
the alveolar compartment 

 

S.No 

 

 

Categories 

 

Mean 

 

Median 

 

Standard 

deviation 

1. Bronchiectasis 4.75 0 11.20 

2. Bronchiectasis  with 
interstitial pneumonia 

1.00 0 2.23 

3. Bronchiectasis with 
aspergilloma 

0 0 0 

4. Congenital cystic 

adenomatoid 
malformation 

.33 0 .57 

5. Chondroid hamartoma 0 0 0 

   6. Carcinoid 6.00 1.00 11.43 

7. Adenoid carcinoma 0 0 0 

8. Metastatic thymoma 0 0 0 
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The mean numbers of atypical CD1a positive cells in the 

alveoli were very low when compared with the typical CD1a 

positive LCs in the bronchiolar epithelium (Fig: 7). 

 

Figure 7: Comparison of mean numbers of CD1a positive 
atypical cells in alveoli and CD1a positive LCs alveoli in 
5mm2 of lung tissue 
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Table 5: Distribution of CD1a positive LCs in smokers and 
non-smokers 

 

 

Mean Median Standard   
deviation 

p value 

Smokers 15.75 18 11.79  

0.702 

Nonsmokers 34.23 17 39.82 

 
 
 
 
Table 6: Distribution of CD1a positive LCs in male and 
female 

 

 

Mean Median Standard 

deviation 

p value 

Male 39.58 23.5 40.95  

0.241 

Female 26.55 10.00 35.62 
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Smoking status 

Comparison of the mean of total number of CD1a positive 

LCs among smokers and non-smokers, using Mann-Whitney U 

Test did not show  significant difference (p value < 0.702), 

(Table 5). 

 

Sex Difference 

There was no significant difference in the distribution of 

CD1a positive LCs in the diseased human lung tissue among 

male and female when compared using Mann-Whitney U test 

(p value< 0.241).  

 

5.3. Distribution of LCs in different diseased conditions of 

human lung 

The mean numbers of CD1a positive cells present in 

5mm2 of lung, in different lung diseases studied are shown in 

Table 7.  
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Table 7:  Total number of CD1a positive LCs in different 
diseased conditions 
 

 
 
 
Obstructive pulmonary disease   
 

Of the 16 biopsies from obstructive pulmonary disease, 8 

biopsies were from bronchiectasis, 5 from bronchiectasis with 

interstitial pneumonia and 3 from bronchiectasis with 

aspergilloma. 

 

 

 

S.No Categories Mean Median 
Standard 

deviation 

1. Bronchiectasis 20.75 16 20.93 

2. Bronchiectasis with 
interstitial pneumonia 

14.2 10 7.15 

3. Bronchiectasis with 
aspergilloma 

57.66 30 62.29 

4. Congenital cystic 
adenomatoid 
malformation 

13 12 13.52 

5. Chondroid hamartoma 92 80 8.48 

6. Carcinoid tumour 32.66  35.78 

7. Adenocarcinoma 2   

8. Metastatic thymoma 119   
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Bronchiectasis  

 In all eight cases of bronchiectasis CD1a positive LCs 

showing typical dendritic phenotype were present in the 

epithelium of smaller and larger bronchioles. CD1a positive 

LCs, were also seen in the subepithelium of bronchioles (Fig: 

1). One case of bronchiectasis showed few CD1a positive cells 

in the interstitium also (Fig: 4). In another case of 

bronchiectasis, CD1a positive cells were present in the 

peripheral T cell zone of BALT (Fig: 8). The mean number of 

CD1a positive LCs in biopsies with bronchiectasis was 

20.75±20.93 (Table 7). 

Bronchiectasis with interstitial pneumonia 

CD1a positive cells with typical dendritic morphology 

were seen in the bronchiolar epithelium in all the 5 cases of 

bronchiectasis with interstitial pneumonia (Fig 9). CD1a 

positive LCs was present in peripheral T cell zone BALT in a 

case of bronchiectasis with interstitial pneumonia (Fig 6). The 

mean number of CD1a positive LCs in biopsies of 

bronchiectasis with interstitial pneumonia was 14.20±1.55 

(Table 7). 
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Bronchiectasis with aspergilloma 

CD1a positive LCs was present in the epithelium of the 

bronchioles in all three cases of bronchiectasis with 

aspergilloma (Fig: 10). 

Of the 16 biopsies from obstructive pulmonary diseases 

the mean number of CD1a positive LCs in bronchioles was 

highest in the case of bronchiectasis with aspergilloma. 

(57.66±62.29; Table 1), (Fig: 11). 

Figure 11: Distribution of total number of CD1a positive 
LCs across obstructive pulmonary diseases. 
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Developmental Anomaly 

Congenital cystic adenomatoid malformation 

Of the three biopsies from congenital cystic adenomatoid 

malformation, CD1a positive cells were present in only two 

cases (Fig: 12). In those cases that showed CD1a positivity LCs 

were only occasionally seen in the bronchiolar epithelium. The 

mean number of CD1a positive LCs in biopsies with congenital 

cystic adenomatoid malformation was very low (13.00±13.52; 

Table 7). 

Tumours of the lung 

Chondroid hamartoma 

In this study, two biopsies were from chondroid 

hamartoma. In both the cases there were many CD1a positive 

LCs in the bronchiolar epithelium (Fig: 13a). In chondroid 

hamartoma terminal bronchioles showed crowding of CD1a 

positive LCs with their dendritic processes interdigitating 

between the cuboidal epithelial cells (Fig: 13b). In chondroid 

hamartoma, CD1a positive cells were also present in the 

interstitium and peripheral T cell zone of BALT (Fig 13c).  The 
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mean number of CD1a positive LCs in the bronchiolar 

epithelium was high in chondroid hamartoma (92.00±8.48; 

Table 7), (Fig: 14).  

 
 
 

Figure 14: Distribution of CD1a positive LCs in different 
disease conditions 
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Carcinoid tumour 

All six cases of carcinoid included in the study showed 

CD1a positive LCs in the bronchiolar epithelium (Fig: 15a). 

Five of the six showed few cells, while in one case there was 

increased infiltration of CD1a positive LCs in the bronchiolar 

epithelium and in the interstitium. (Fig: 15b). The mean 

number of CD1a positive LCs in carcinoid was 32.66±35.78 

(Table 7). 

 

 

Adenocarcinoma 

The present study included two biopsies from 

adenocarcioma of which one showed the presence of very few 

CD1a positive LCs in the bronchiolar epithelium whereas the 

other biopsy was negative for CD1a. These CD1a positive cells 

had lost their dendritic morphology (Fig: 16). The mean 

number of CD1a positive LCs was lowest in adenocarcinoma 

(mean value 2.00, Table 7), (Fig: 18) 
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Figure 17: Distribution of CD1a positive LCs in lung 

malignancy.  

Metastatic thymoma 

One biopsy was from metastatic thymoma showed 

increased infiltration of CD1a positive LCs in the bronchiolar 

epithelium (Fig: 18a). In this case, pleural thickening with 

nodules was seen. These nodules showed massive infiltration 

of CD1a positive LCs with dendritic morphology. These 

dendrites of LCs formed a dense reticular network like pattern 

(Fig 18b, 18c). The mean number of CD1a positive LCs was 

high in metastatic thymoma (mean 119.00, Table 7, Fig: 1). 
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6. DISCUSSION 

 In this study the distribution morphology and 

quantitative analysis of CD1a positive LCs in different 

compartments of the lung tissue from different diseased state 

was studied using immunohistochemical method. The material 

used in this study was from patients who underwent 

pulmonary surgery for various inflammatory / obstructive, 

benign and malignant diseases of the lung.  

  Dendritic cells are critical immune cells that are 

distributed in sub-epithelial, interstitial and pleural 

compartments where they usually exist as immature antigen 

presenting cells (12). The presence of DCs in lung was 

described in the airway epithelium, lung parenchyma and 

visceral pleura of human and mouse specimens (25). These 

cells displayed a typical dendritic morphology expressed 

copious amounts of MHC II on their surface and acted as 

potent T-cell stimulators in vitro. The present study employed 

the cell surface marker CD1a for the identification of LCs as it 

is considered to be the most specific and sensitive marker for 

LCs (9). Several studies have shown the presence of CD1a 
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positive LCs both in normal and diseased lung tissue (88, 115–

118).  Yet, a few authors reported a lack of positivity of 

pulmonary DCs for CD1a ((25). Cochand et al in 1999, in their 

attempt to characterize human lung DCs in vitro showed that 

these cells showed no expression of  CD1a  (84).  

LCs in Lung diseases 

Studies have shown that LCs reside only in the airway 

epithelium but not in the alveolar compartment (alveolar 

epithelia and alveolar septa) in normal human lung (83,85). 

CD1a positive LCs  were also found in the interstitium and  

BALT in normal human lung (83).  But in pathological 

circumstances LCs can be found in additional sites within the 

lung (85). CD1a positive LCs accumulate at sites of alveolar 

epithelial hyperplasia, infiltrating the hyperplastic 

pneumocytes in pathological states like fibrotic lung diseases 

and lung cancers (86–88).  

 In the current study CD1a positive Langerhans cells 

were present in 28 out of 30 lung tissue.  The lung tissue was 

obtained from the peripheral part and therefore 

intrapulmonary bronchus was not identified in the sections. 
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However CD1a positive LCs was distributed in other parts of 

the lung parenchyma including the epithelium and 

subepithelium of bronchioles, interstitium, and bronchus 

assosciated lymphatic tissue (BALT).  CD1a positive LCs 

showed typical dendritic morphology.  The cells were irregular 

had round nucleus and showed dendritic processes of varying 

number. 

Literature suggests that pulmonary DCs are involved in 

the pathogenesis of highly prevalent respiratory conditions 

(89,90). All diffuse interstitial diseases of the lung such as 

sarcoidosis, respiratory bronchiolitis, idiopathic pulmonary 

fibrosis, desquamative interstitial pneumonia and metastases 

show variable amounts of CD1a positive cells (91). CD1a 

positive LCs have been described in bronchiolar epithelium in 

several other pathological states including chronic obstructive 

pulmonary diseases (COPD) (78), Langerhans cell histiocytosis 

(81,92), pulmonary arterial hypertension (89) and in lung 

carcinomas (93). Normally pulmonary LCs accumulating in 

pathological states are of immature type except in Langerhans 

cell histiocytosis. However  LCs strongly expressed 
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costimulatory molecules in Langerhans cells histiocytosis 

which were responsible for the mature phenotype of LCs (81). 

LCs in obstructive pulmonary diseases 

Bronchiectasis is an obstructive pulmonary disease 

characterised by irreversible dilatation of bronchi and 

bronchioles (72). Several studies have reported the presence of 

CD1a positive LCs in chronic obstructive pulmonary diseases 

(82,95). In the present study CD1a positive LCs were found in 

the epithelium and subepithelium of bronchioles in all cases of 

bronchiectasis, bronchiectases with interstitial pneumonia, 

bronchiectasis with aspergilloma. Airway mucosal DCs 

continuously sample incoming airborne antigens by extending 

their dendritic processes through the intact epithelial layer 

into the lumen (4). 

 The different types of LCs described by Figueroa and 

Caorsi (96)  were seen in the epithelium of bronchioles in 

inflammatory lung disease. LCs have been demonstrated 

between the basement membrane and the lumen of airways 

interspersed between the airway epithelial cells forming a 

highly-developed intraepithelial network resulting from the 
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interdigitation of the long cytoplasmic  processes of DC 

between the epithelial cells (78,79). In the present study CD1a 

positive LCs in the epithelium of bronchioles showed typical 

dendritic morphology. They were either scattered or formed a 

network with their cytoplasmic processess interdigitating 

between the epithelial cells. 

It has been reported that the DCs in the subepithelial 

tissue of the bronchial / bronchiolar wall from normal human 

lung only occasionally showed CDla expression (83). In the 

current study CD1a positive LCs were found in the 

subepithelium of bronchioles in bronchectasis. In a case of 

bronchiectasis CD1a positive DCs were also present in the 

interstitium.  

BALT is normally not present in the lungs of healthy, non 

smoking people (97). The presence of BALT  has been 

described in lung diseases like COPD (59), Sjogren’s syndrome 

and rheumatoid arthritis (63). Studies have reported that 

CD1a positive LCs are strongly positive in BALT (83). In the 

present study CD1a positive DCs were seen in BALT in a case 

of bronchiectasis and in a case of bronchiectasis with 
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interstitial pneumonia. CD1a LCs were fewer in number and 

found mainly in the peripheral T cell zone of BALT. The 

presence of CD1a positive LCs in BALT confirms the role of 

antigen presentation by LCs in the lung resulting in T cell-LC 

interaction thus priming naive T cells (98).  

Studies have shown that the mean density of CD1a 

positive DCs significantly increased in inflammatory conditions 

of the lung (99).  In this study, the number of CD1a positive 

cells was quite high in inflammatory conditions mainly 

bronchiecatasis with aspergilloma.   

LCs in developmental anomaly of lung 

Congenital cystic adenomatoid malformations (CCAMs) 

present as cystic or solid lung masses restricted to part of one 

lung. The pathological feature of CCAMs is adenomatoid 

proliferation of the bronchioles that form cysts at the expense 

of alveoli (100). In this study two out of three biopsies from 

CCAM showed the presence of a few CD1a positive LCs only in 

the bronchiolar epithelium and not in the other compartments 

of lung. To our knowledge the presence of CD1a positive LCs 

has been reported for the first time in CCAMs. 
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LCs in benign conditions of lung 

Hamartoma is defined as an abnormal mixture of tissue 

elements or an abnormal proportion of a single element 

normally present in an organ. Depending upon the 

predominant component hamartomas can be subdivided into 

various subtypes. Pulmonary chondroid hamartoma is the 

most common benign neoplasm in the lung, and accounts for 

7-14% of all solitary lung nodules (101).  

In our study both the cases of chondroid hamartoma 

showed the presence of many CD1a positive LCs 

predominantly in the bronchiolar epithelium and few CD1a 

positive cells in the interstitium and BALT.  It has been 

reported that the density of DCs is highest in larger airways 

and progressively decreases in smaller airways although LCs 

can be identified in respiratory bronchioles (86,102). In this 

study, in chondroid hamartoma, smaller airways were heavily 

infiltrated with CD1a positive LCs. 
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LCs in lung malignancy 

The DC system is a major contributor to host immunity 

and immune surveillance against malignancy (103). 

Intraepithelial LCs in the normal human bronchi and LC 

infiltrating sites of alveolar hyperplasia and lung carcinomas 

do not express B7 co-stimulatory molecules.  Hence 

pulmonary LCs are immature cells that can capture and 

process exogenous antigens but are unable to generate an 

immune response locally (104–106). Tumours avoid 

surveillance by immune system through various mechanisms 

including inhibition of recruitment of  host DCs  and local 

production of immunosuppressive factors (107,108). The 

cytokine pattern in the tumour microenvironment with 

predominance of inhibitory factors of DC maturation affects 

the final outcome of immune response to various extents (109) 

and is associated with defective antitumour immune response  

(107,108,110,111). In the current study CD1a positive LCs 

were present in specimens from both primary and secondary 

lung malignancy.  

Several studies have reported that the presence of DCs / 

LCs is scanty in carcinoid tumour of lung. Nora et al (2001) 
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reported complete absence of CD1a positive cells in bronchial 

carcinoids (112). Immunocytochemical study on 41 

human lung tumours revealed that LCs were present in all the 

main varieties of human lung tumour but were infrequent on 

small cell carcinoma and carcinoid tumour (113). In an 

immunohistochemical study using S-100 protein to identify 

LCs, in four out of five lung carcinoid tumours, there were a 

few S-100 positive cells, but in one case there was 

accumulation of S-100 positive cells. The authors reported 

that these cells showed stellate morphology and had intimate 

relation with neoplastic cells (114).   

In the present study CD1a positive LCs with typical 

dendritic morphology were present in all six carcinoid 

tumours. Of the six cases, five showed few CD1a positive LCs 

in the bronchiolar epithelium whereas in one case there was 

increased number of cells in the bronchiolar epithelium and 

occasional cells in the interstitium.  The low number of CD1a 

positive cells in carcinoid of the lungs could be due to the fact 

that carcinoid tumour produces soluble factors causing high 

apoptotic rate of DC precursors, which has been demonstrated 

in cultures. In addition carcinoid tumour induces high levels of 
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immune tolerance attributed to the scanty presence of antigen 

presenting cells (112).  Steroid treated DCs lose their ability to 

take up and process new antigens. Hence the cortisol-like 

substances secreted by the tumour cells in carcinoid might be 

responsible for inhibition of DC generation and survival (112). 

There was considerable variation in the  number of CD1a 

positive LCs in adenocarcinoma of lung (109). Intraepithelial 

LCs have been demonstrated in eight out of ten lung 

adenocarcinomas and these LCs were located close to 

lymphoid aggregates (115). In an immunohistochemical 

analysis using S-100 protein it was found that lung 

adenocarcinomas which were heavily infiltrated by dendritic 

cells had better prognosis (116). In the present study, both the 

biopsies were obtained from patients who had grade IV 

malignancy (T4N2M0). 0nly one biopsy showed the presence of a 

few CD1a positive LCs in the epithelium of bronchioles and 

these cells had lost their dendritic morphology. It has been 

suggested that the absence of DCs in tumours is associated 

with poor prognosis (117).  

Metastatic thymoma is an uncommon condition. In a 

total of 322 cases reviewed the frequency of metastasis was 
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4%;  in most of  these cases only lymph nodes were affected 

(118). Distant metastasis from invasive thymoma is distinctly 

rare but has been reported to occur in the lungs, pleura, 

diaphragm, liver, bones, kidney, extra thoracic lymph nodes, 

pelvis, retroperitoneum and nervous system  (119). Thymomas 

are associated with myasthenia gravis in 30–50% of the cases, 

but only 15% of patients with myasthenia gravis have 

thymomas (120). Several authors reported that in lung 

metastases variable amounts of CD1a positive LCs are present 

(81,91).  In the present study, a 32 year old female who had 

metastatic thymoma associated with myasthenia gravis 

showed the highest number of CD1a positive LCs in the 

bronchiolar epithelium. These cells showed typical dendritic 

morphology. To our knowledge CD1a positive LCs in pleural 

metastasis of metastatic thymoma is first reported in the 

present study.  In addition to the presence of abundant 

number of CD1a positive LCs in bronchiolar epithelium, these 

cells were also found in the nodules of the pleura.  The 

dendritic processes of the cells form a reticular pattern which 

may be involved in antigen trapping.   
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Several studies have found a correlation between the 

presence and number of LCs within the tumour tissue and 

clinical prognosis (112). Fox et al reported that the patient 

survival markedly worsened in lung tumours which had high 

number of LCs (113). In contrast to this, other studies have 

shown that increased infiltration by LCs is associated with 

better prognosis, longer patient survival, reduced tumour 

recurrence and lower metastasis (121–125). It was also found 

that rapidly growing tumours are poorly infiltrated with DCs 

and are unable to trigger  the recruitment and activation of 

DCs resulting in delay or insufficient anti-tumour immune 

response (103,126,127). In the present study also, decreased 

number of LCs were noted in the advanced adenocarcinoma of 

the lung.  It can be concluded that the number of DCs in 

tumour tissue could be considered as an indicator of tumour 

grade, tumour aggressiveness and progression in patients with 

adenocarcinoma. 

Alveolar macrophages 

The lung parenchyma consists of alveoli that are 

separated by fine vascularised connective tissue (4).  Studies  

have shown that LCs are not found in the alveolar epithelium 
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(81,83,85) and in the interalveolar septa in normal human 

lung (83). In pathological circumstances LCs accumulate at 

sites of alveolar epithelial hyperplasia (134,136,147). CD1a 

positive cells were demonstrated at the alveolar septum and in 

the lumen in smokers and COPD patients (82).  

In the current study few atypical cells in the alveoli 

expressing weak positivity for CD1a were present in 

bronchiectasis, bronchiectasis with interstitial pneumonia, 

congenital cystic adenomatoid malformation and in carcinoid 

tumour, highest being in carcinoid.  In specimens from other 

diseased states the alveolar compartment did not show these 

atypical CD1a positive cells. These cells were seen in normal 

appearing alveolar wall as well as in areas of alveolar epithelial 

hyperplasia amidst type I and type II pneumocytes. The 

morphological appearance and the location of these atypical 

CD1a positive cells suggested it to be alveolar macrophages. As 

the specific marker for macrophages is CD68, further study 

has to be done to confirm that these cells are really alveolar 

macrophages. 

Macrophages reside in the alveolar space and in the 

lumina of the bronchus and bronchioles (83). Alveolar 
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macrophages represent up to 10-15% of all cells in the alveolar 

septal interstitium (85). Their role in immune response is 

distinct from that of other types of APC. The antigen 

presentation by alveolar macrophage is defective (128). They 

have reduced expression of co-stimulatory molecules thereby 

play a major role in down regulating immune responses in the 

lung and in inducing immunological tolerance to inhaled 

antigens (128).  

LCs and cigarette smoke : 

 The amount  of LCs  present in the tracheobronchial tree 

under normal conditions indicates the degree of  exposure to  

airborne pathogens (129). Increased number of LCs was found 

in cigarette smokers and these cells were mainly in the 

alveolar parenchyma (86).   Pulmonary DCs might contribute 

to the development of COPD in smokers (130). Studies show 

that the number of CD1a cells in COPD was more in smokers 

and mainly infiltrated in smaller airways. It was also shown 

that the number of cells increase with severity of disease 

(82,95). Cigarette smoke induces  production of certain factors 

which induce  recruitment of dendritic cells (131). This 

increased number of DCs causes release of many chemotactic 
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factors that establish a chemogradient from pathologic regions 

to blood vessels. This leads to migration of inflammatory cells 

and induces macrophages to release matrix metalloproteinase 

resulting in damage to lung tissue and leads on to chronic 

persistent inflammation (82). In contrast other studies have 

demonstrated fewer DCs in smokers and patients with COPD 

(78,132,133).  

Chronic exposure to the constituents of cigarette smoke, 

suppresses the normal  maturation process of DCs, which 

hampers their normal function and interaction with naive 

lymphocytes, thereby impairing the immune system (134,135). 

In the present study, no significant difference was noted on 

comparison of the number of CD1a positive LCs cells in 

different anatomical compartments of lung tissue among 

smokers and non-smokers.The present study is limited by the 

small number of specimens evaluated in each disease 

condition. The distribution of CD1a positive LCs in the 

intrapulmonary bronchi, the proximal part of conducting 

system of the lungs remains to be determined.  There was 

relatively less number of atypical CD1a positive cells. The 

morphology was similar to that of alveolar macrophages 
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present in the alveolar compartment. This has to be confirmed 

using anti-CD68, the specific marker for macrophages. 

  To summarise, this study supports the fact that LCs are 

widely distributed in different anatomical compartments of 

human lung tissue but predominance was noted in the 

epithelium of conducting airways. Since CD1a positive LCs in 

the human lung are known to be strong stimulators of T cell 

responses in vitro, our data suggests that the bronchiolar 

epithelium with more number of CD1a LCs are better suited 

for mounting an immune response than the alveolar 

compartment. Immunohistologic analysis showed that variable 

number of CD1a positive LCs is present in different disease 

conditions of lung. The increased number of LCs in 

bronchioles seen in obstructive/inflammatory conditions like 

bronchiectasis with aspergilloma be responsible for the 

immune response elicited by the bronchial mucosa. These DCs 

might be a crucial component in the pathogenesis of the 

human lung diseases studied. The number of CD1a positive 

LCs in adenocarcinoma correlated inversely with the tumour 

grade.  
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 The suppression of DCs is responsible for the escape of 

tumour cells from immune recognition and elimination. Hence 

we suggest that immunohistological analysis of CD1a positive 

LCs in malignancy could be regarded as an indicator for 

tumour progression and prognosis 
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7. CONCLUSION 

i. In this study CD1a positive LCs were present in 28 lung 

biopsies of 30. CD1a positive LCs were predominantly 

distributed in the bronchiolar compartment in all the 

conditions studied.  

ii. Alveolar compartment was negative for CD1a positive 

LCs. Few CD1a cells were present in the interstitium in 

bronchiectasis, carcinoid and chondroid hamartoma and 

also in BALT in bronchiectasis, bronchiectasis with 

interstitial pneumonia and chondroid hamartoma.  

iii. Atypical CD1a positive cells were found in alveoli in few 

cases of bronchiectasis, bronchiectasis with interstitial 

pneumonia, congenital cystic adenomatoid malformation 

and carcinoid tumour. 

iv. Of the obstructive pulmonary diseases studied, 

bronchiectasis with aspergilloma had more number of 

CD1a positive LCs. 
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v. This is probably, the first immunohistochemical study 

that has reported the presence of CD1a positive LCs in 

the bronchiolar epithelium in the case of congenital cystic 

adenomatoid malformation, chondroid hamartoma and in 

pleural metastasis of metastatic thymoma. 

vi. Of the primary malignant disease studied, the number of 

CD1a positive LCs were very few in adenocarcinoma and 

this correlated inversely with the tumour grade. 

vii. In pleural metastasis of metastatic thymoma huge 

number of CD1a positive LCs were seen in bronchiolar 

epithelium. 

viii. There was no evidence of significant difference on 

comparison of CD1a positive LCs across different disease 

conditions. and also on comparison of CD1a positive LCs 

across smokers and non smokers. 

ix. There was no evidence of significant difference on 

comparison of CD1a positive LCs across male and female 
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Christian Medical College, Vellore 

Department of General Surgery 

An Observational study on Morphometric analysis of antigen presenting CD1a 

positive Langerhans cells in  diseased human lung tissue by 

immunohistochemistry method. 

Information sheet 

You are being requested to participate in this study. As a part of this study 

during your surgery under cardiothoracic surgery department a bit of lung 

tissue from the biopsy specimen will be collected. Your hospital chart will 

be referred for information regarding history, clinical examination and the 

laboratory values of the blood tests that has been done on you. This 

information will be utilized to analyze the association between the disease 

condition and immunohistochemistry findings. Participation in this study 

will not change the quality of the treatment provided by the consulting 

doctor.  

There is no potential harm or complication that can happen to you by 

participating in this study, as this study does not interfere in the treatment 

provided by the care taker. 

All details including personal data, will be kept confidential. 

We hope to include about atleast 30 people from this hospital in this study in 

the next 2 years. 

Participation in this study is purely voluntary, and that refusal to participate 

will not involve any penalty or loss of benefits to which you are otherwise 

entitled. 

In case of doubts/ questions, please contact Dr. Rajkohila, Department of 

Anatomy, Christian medical college, Vellore. Ph no: 9488982566 
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Informed Consent form to participate in an Observational study 

Christian Medical College, Vellore  

Department of Anatomy 

An Observational study on Morphometric analysis of antigen presenting CD1a 

positive Langerhans cells in diseased human lung tissue by 

immunohistochemistry method. 

Study Number: 

Subject’s Initials: _________ Subject’s Name: ________ 

Date of Birth / Age:_______ 

Please initial box  

(Subject) 

(i) I confirm that I have read and understood the information sheet dated 

_________ for the above study and have had the opportunity to ask 

questions. [ ] 

(ii) I understand that my participation in the study is voluntary and that I am 

free to withdraw at any time, without giving any reason, without my medical 

care or legal rights being affected. [ ] 

 (iii) I understand that the Sponsor of the clinical trial, others working on the 

Sponsor’s behalf, the Ethics Committee and the regulatory authorities will 

not need my permission to look at my health records both in respect of the 

current study and any further research that may be conducted in relation to it, 

even if I withdraw from the trial. I agree to this access. However, I 

understand that my identity will not be revealed in any information released 

to third parties or published. [ ] 

(iv) I agree not to restrict the use of any data or results that arise from this 

study provided such a use is only for scientific purpose(s) [ ] 

(v) I agree to take part in the above study. [ ] 

Signature (or Thumb impression) of the Subject/Legally Acceptable 

Representative:_____________ 

Date: _____/_____/______ 

Signatory’s Name: _________________________________ 

 

Signature of the Investigator: ________________________ 

Date: _____/_____/______ 

Study Investigator’s Name: _________________________ 

 

Signature of the Witness: ___________________________ 

Date:_____/_____/_______ 

Name of the Witness: ______________________________ 
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