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1.INTRODUCTION 

Nasal mucosa 

The nasal mucosa also called respiratory mucosa, lines the entire nasal 

cavity, from the nostrils to the pharynx. A dynamic layer of mucus overlies the 

nasal epithelium.1 The anterior part of the nasal cavity and vestibule is 

continuous with the skin lined with keratinized stratified squamous epithelium 

overlying the connective tissue lamina propria. Further posteriorly, at the limen 

nasi, the lining changes into a mucosa, lined initially by non-keratinized 

stratified squamous epithelium and then  transitions into a pseudostratified 

ciliated columnar epithelium rich in goblet cells.2 Respiratory epithelium is also 

called the Schneiderian epithelium.3 There are numerous seromucous glands 

within the lamina propria and also has an extensive network of nerves and blood 

vessels.4 The secretions of the seromucous glands supplement that of the goblet 

cells in the respiratory epithelium and they make the surface sticky so that it traps 

particles in the inspired air. The mucous film is continually moved by ciliary 

action to expel the trapped particles.5  

 

Nasal polyp 

Nasal polyps are one of the most common inflammatory mass lesions of 

the nose, affecting up to 4% of the population.6 They are outgrowths of nasal 

mucosa which are smooth, semi translucent, gelatinous and pale, mainly situated 

in the middle meatus.  They originate from mucous membrane of the ostiomeatal 

complex, probably because of the release of proinflammatory cytokines from  

https://paperpile.com/c/n84tb7/nY0O
https://paperpile.com/c/n84tb7/tFj5d
https://paperpile.com/c/n84tb7/CzeBi
https://paperpile.com/c/n84tb7/lm4ie
https://paperpile.com/c/n84tb7/XunjJ
https://paperpile.com/c/n84tb7/gx7Mr
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epithelial cells resulting from  contact between two surfaces of mucosa at this 

narrow passage.6 Histologically, nasal polyps are covered with a respiratory 

epithelium  over a mass of oedematous stroma and inflammatory cells. They 

present with nasal blockage, anosmia, watery discharge or rhinorrhoea and post 

nasal drip. Their aetiology remains unclear, but they are known to be associated 

with allergy, asthma, infection, fungus, cystic fibrosis and aspirin 

sensitivity.6  Various other important factors like genetic, bacterial, fungal, 

biofilm formation etc. have also been identified as causes of nasal polyps. 

 

Eosinophils in nasal polyps 

Accumulation of eosinophils is the most characteristic feature of nasal 

polyposis.7  Eosinophils could contribute to nasal polyp formation and growth, 

by causing inflammation and stimulation of collagen synthesis in extracellular 

matrix.7 

 

Dendritic Cells 

      Dendritic cells are antigen presenting cells that possess a unique ability to 

induce primary immune responses.8 They were named after their ‘tree-like’ or 

dendritic shape. Ralph Steinman, a Canadian physician and a medical researcher, 

in the year 1972 discovered the dendritic cells.9 For discovering the central role 

of dendritic cells in controlling the adaptive immune responses, Steinman has 

been awarded the Nobel Prize in Physiology or Medicine in 2011.10 The dendritic 

cells line the surfaces of the airway and intestine, where they function as 

https://paperpile.com/c/n84tb7/gx7Mr
https://paperpile.com/c/n84tb7/gx7Mr
https://paperpile.com/c/n84tb7/jQ7KB
https://paperpile.com/c/n84tb7/jQ7KB
https://paperpile.com/c/n84tb7/p4BrM
https://paperpile.com/c/n84tb7/o20Vb
https://paperpile.com/c/n84tb7/XH75R
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sentinels for sampling proteins and particulates from the environment and 

thereby initiate an  adaptive immune response.11 Steinman and Cohn reported 

that dendritic cells as a new class of white blood cells with a number of 

distinctive features and functions.12 

Langerhans cells (LCs) are members of the dendritic cell family, first 

described by a German biologist Paul Langerhans, when he stained human skin 

with gold chloride and identified cells which were thought to be nerve cells 

residing in the basal and suprabasal layers of the epidermis and in the epithelia 

of the respiratory, digestive and urogenital tracts.13 They are involved in antigen 

presentation and are associated with the immune system of skin.14 

      The principal function of dendritic cells is to present antigens to T cells. 

They have the ability to induce a primary immune response in resting naïve T 

lymphocytes. To perform this function, dendritic cells are capable of capturing 

antigens, processing them and presenting them on the cell surface along with 

appropriate costimulatory molecules.15 Dendritic cells also play a role in 

maintaining the B cell function and also recall responses. Thus, dendritic cells 

are critical in the establishment of immunological memory.16  Since dendritic 

cells have numerous cytoplasmic processes, they have a high surface area 

permitting intimate contact with a large number of surrounding cells like T cells, 

natural killer cells, neutrophils, epithelial cells etc.17 

Dendritic cells in normal nasal mucosa 

The nasal mucosa is constantly bombarded by a wide variety of 

exogenous antigens. This situation is a severe challenge to the maintenance of 

https://paperpile.com/c/n84tb7/LJgYt
https://paperpile.com/c/n84tb7/0PfBp
https://paperpile.com/c/n84tb7/MNOYr
https://paperpile.com/c/n84tb7/DlJHm
https://paperpile.com/c/n84tb7/y7pN8
https://paperpile.com/c/n84tb7/rnmSJ
https://paperpile.com/c/n84tb7/K51Sb
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local immunological homeostasis.18 Local T cells are believed to play a key role 

in being able to respond vigorously to microbial pathogens while ignoring 

harmless ubiquitous environmental antigens. The T cell system is under strict 

control of professional antigen presenting cells such as macrophages and various 

dendritic cell subsets.19 

A small number of plasmacytoid dendritic cells emigrate to the nasal 

mucosa independent of inflammation. In vitro studies have shown that these cells 

produce large amounts of type I interferons in response to viruses. Thus, these 

cells play an important role in both innate and adaptive immune defense against 

various viruses.20 The upper airways, which are a primary site for viral 

infections, apparently constitute a microenvironment that preferentially attracts 

these cells. Dendritic cells in the normal situation are in direct contact with T 

cells indicating that a constant immunologic control by resident dendritic cells 

are performed locally.21 

 

Markers for LCs 

Routine histological staining techniques do not visualise the dendritic 

cells. Visualisation of Birbeck granules using electron microscopy is considered 

to be the gold standard for identifying the LCs ultrastructurally. They can also 

be visualised using enzyme histochemical techniques and metal impregnation 

staining technique using heavy metals such as gold chloride, osmium iodide or 

zinc osmium iodide.11 

 

https://paperpile.com/c/n84tb7/AdMy0
https://paperpile.com/c/n84tb7/nonWU
https://paperpile.com/c/n84tb7/6rX8G
https://paperpile.com/c/n84tb7/Gx7Jz
https://paperpile.com/c/n84tb7/LJgYt
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Immunohistochemistry 

A large number of surface and cytoplasmic antigens have been localized 

on LCs by means of antibodies used in different techniques like, 

immunofluorescence or immunoperoxidase techniques. One of the most 

prominent features of LCs is the high level of expression of MHC class II 

antigens.  CD1a immunolabeling is considered to be the most reliable method to 

identify the human LCs, among all markers used. CD1a is a mouse monoclonal 

antibody meant for laboratory use in the qualitative identification of CD1a 

protein by immunohistochemistry (IHC) in formalin fixed paraffin-embedded 

(FFPE) human tissues.21 

CD1a positive LCs are a subset of human dendritic cells that are mainly 

present in the skin epidermis. They  can also be detected in other tissues, 

including respiratory, gastrointestinal and reproductive organs. Dendritic cells 

are known to be critical regulators of many inflammatory diseases including 

atopic dermatitis and asthma. However, the role of LCs in nasal polyps remains 

a mystery which needs to be studied and understood. We hypothesized in this 

study that LCs are elevated in nasal polyps and they control adaptive immunity 

and inflammation in nasal polyps. 

  

  

  

 

 

https://paperpile.com/c/n84tb7/Gx7Jz
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2. AIM AND OBJECTIVES 

Aim 

To study the morphology and distribution of LCs in normal nasal mucosa 

and compare the same with nasal polyps by zinc iodide-osmium (ZIO) technique 

and immunohistochemistry.  

Objectives 

• To study the morphology of ZIO positive LCs in nasal mucosa of controls 

and in cases by histochemistry.            

• To count and compare the number of ZIO positive LCs per unit area of 

lamina propria in nasal mucosa of controls and in cases by histochemistry. 

• To study the morphology of CD1a positive LCs in nasal mucosa of 

controls and cases  by immunohistochemistry.          

• To count and compare the number of CD1a positive LCs per unit area of 

lamina propria in nasal mucosa of controls and in cases by 

immunohistochemistry.           

• To quantify the number of eosinophils per unit area of lamina propria in 

controls and in cases by routine H&E staining.       

• To study the correlation between the number of ZIO positive LCs and 

eosinophils in controls and in cases. 

• To study the correlation between the number of CD1a positive LCs and 

eosinophils in controls and cases. 
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3. LITERATURE REVIEW 

Nasal cavity 

 The anatomy and pathophysiology of the nose, paranasal sinuses and 

related structures are of great importance in understanding the pathophysiology 

of sinonasal polyps.         

The interior of the nose is referred to as the nasal cavity. It is the entry 

point for inspired air and the first of a series of structures which form the 

respiratory system. Each of the two nasal cavities is limited by the medial septal 

wall and the lateral wall comprises of inferior, middle and superior turbinates 

covered by nasal mucosa. They are important for maintaining the slit-like cavity, 

thus facilitating humidification and thermoregulation of inspired air. Underlying 

these turbinates are passages called inferior, middle and superior meatuses. The 

middle meatus is an important anatomical area in the pathophysiology of sinus 

disease.22 

The nasal cavity is entirely lined by the nasal mucosa.  The respiratory 

epithelium covers most of the surface of the nasal cavity, including the conchae, 

meatuses, septum and floor except superiorly on the roof, where the olfactory 

epithelium is present. It is adherent to the periosteum or perichondrium of the 

neighbouring skeletal structures. It forms the physical barrier of the body’s 

immune system. These barriers provide mechanical protection from the invasion 

of infectious and allergenic pathogens.23 The respiratory epithelium is made up 

of pseudostratified ciliated columnar epithelium. In some areas, cells of the 

https://paperpile.com/c/n84tb7/Zse6c
https://paperpile.com/c/n84tb7/z0xmN
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respiratory epithelium may be low columnar or cuboidal and the proportion of 

ciliated to non-ciliated cells is also variable. 

The respiratory mucosa is composed of five cell types5 

• Ciliated cells which are tall columnar cells with cilia that project into the 

mucus covering the surface of the epithelium. 

•  Goblet cells that synthesize and secrete mucus. 

• Brush cells are those cells in the respiratory tract that bear short, blunt 

microvilli. 

• Small granule cells or the Kulchitsky cells resemble the basal cells but 

contain secretory granules. These are enteroendocrine cells of the APUD 

system. 

• Basal cells are the stem cells from which the other cell types arise.  

The lamina propria underlies the basement membrane. It has a rich 

vascular network that includes a complex set of capillary loops. The arrangement 

of the vessels allows the inhaled air to be warmed by blood flowing through the 

part of the loop closest to the surface. The capillaries that reside near the surface 

are arranged in rows and the blood flows perpendicular to the airflow.5 These 

vessels may become engorged and leaky during allergic reactions or viral 

infections such as the common cold. The lamina propria then becomes distended 

with fluid, resulting in marked edema of the mucous membrane with consequent 

restriction of the air passages, making breathing difficult.5 

There are numerous seromucous glands with large venous sinusoids 

within the lamina propria.4 Their secretions supplement that of the goblet cells 

https://paperpile.com/c/n84tb7/XunjJ
https://paperpile.com/c/n84tb7/XunjJ
https://paperpile.com/c/n84tb7/XunjJ
https://paperpile.com/c/n84tb7/lm4ie
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in the respiratory epithelium and they make the surface sticky so that it traps 

particles in the inspired air. The mucous film is continually in motion by the 

underlying ciliary action.4 

Nasal polyp 

Nasal polyp refers to benign non granulomatous inflammatory tissue 

projection with an epithelial lining within the sinonasal cavity. They are 

glistening, pale grey to pink, smooth, semi translucent, freely movable with a 

soft consistency attached by a pedicle that arises from the surfaces of the middle 

turbinates, the hiatus semilunaris, or ostia of the ethmoid and maxillary sinuses. 

The cut surface is usually pale, oedematous with a translucent appearance.24,25 

The nasal polyposis is not oedema of normal nasal mucosa but an inflammatory 

progression resulting from factors like inflammatory mediators, cytokines, 

adhesion molecules and endothelial counter receptors.26 The most common 

polyps found in the nose and paranasal sinuses are those associated with chronic 

rhinosinusitis.24 

History  

Though the history of nasal polyps dates back to a period of over 4000 

years in ancient Egypt.26,25 Hippocrates, a Greek physician, in approximately the 

fifth century BC, referred to the “nasal growths” as “polypus” due to their 

resemblance to the sea-polyp and this name has persisted to this day.27 

Epidemiology 

The prevalence of nasal polyps in the population has been grossly 

estimated as 1–4%.28 The prevalence of nasal polyps in patients with allergic 

https://paperpile.com/c/n84tb7/lm4ie
https://paperpile.com/c/n84tb7/JxRjT+3brXV
https://paperpile.com/c/n84tb7/wAdlq
https://paperpile.com/c/n84tb7/JxRjT
https://paperpile.com/c/n84tb7/wAdlq
https://paperpile.com/c/n84tb7/3brXV
https://paperpile.com/c/n84tb7/ZE5Uy
https://paperpile.com/c/n84tb7/cZRmW
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rhinitis is estimated between 1.5 and 1.7%.29 Large cohort studies have revealed 

a strong association between asthma and nasal polyp.30 The incidence of nasal 

polyp increases with age and is likely the greatest between 40 and 60 years of 

age.28 Approximately 20% of patients with cystic fibrosis have nasal polyps. If 

nasal polyps are found in a child, a workup for cystic fibrosis should be 

conducted.30 Genetic inheritance has been proposed as a possible aetiology of 

nasal polyps,  but remains unclear.31 Up to 50% of aspirin insensitive patients 

have nasal polyps and up to 36% of patients with nasal polyps may have some 

form of analgesic insensitivity.31 Allergic fungal rhinosinusitis is a known 

underlying pathophysiologic aetiology in a subset of chronic rhinosinusitis 

patients and is strongly associated with nasal polyps.32  

Aetiology 

The aetiology of nasal polyps can be multifactorial. Nasal polyp is a 

clinical manifestation of multiple co-existing immunological pathways. 

Common causes are infections, allergies, aspirin intolerance, immunologic 

factors, metabolic diseases, hereditary diseases and autoimmune dysfunction. It 

is also associated with systemic diseases like asthma, cystic fibrosis mostly in 

children, primary ciliary dyskinesia i.e., Kartagener's syndrome, hyperviscous 

mucus as in  Young’s syndrome, Churg - Strauss disease and nasal 

mastocytosis.24–26 

Ethnic variation in the aetiology of nasal polyp has been noted. In a 

Caucasian population, nasal polyps have been shown to have a strong 

https://paperpile.com/c/n84tb7/9Eg4N
https://paperpile.com/c/n84tb7/IBz1e
https://paperpile.com/c/n84tb7/cZRmW
https://paperpile.com/c/n84tb7/IBz1e
https://paperpile.com/c/n84tb7/4zkeW
https://paperpile.com/c/n84tb7/4zkeW
https://paperpile.com/c/n84tb7/R5xe9
https://paperpile.com/c/n84tb7/3brXV+wAdlq+JxRjT
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eosinophilic pattern, likely due to the upregulation of interleukin (IL)-5.33 Nasal 

polyps in Asian countries show a neutrophilic pattern.34 

Pathogenesis  

The major difference between nasal polyps and normal nasal mucosa 

comprises of the following attributes. The nasal polyp has eosinophilia, oedema, 

alteration in epithelial regrowth and development of new glands.  

Pathogenesis of nasal polyps remains an enigma. The following factors 

were considered as important in nasal polyp pathogenesis:  

A. Chronic local infection 

B. Family history and genetic predisposition 

C. Atopy and allergy to inhalant and food allergens and  

D. Aerodynamic factors 

 

The pathogenesis of nasal polyp is represented in the following flow chart

 

 Reproduced from Pawliczak et al.,Pathogenesis of Nasal Polyps: An Update.35 

https://paperpile.com/c/n84tb7/DcHf7
https://paperpile.com/c/n84tb7/JSYCe
https://paperpile.com/c/n84tb7/8MzSJ
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 Multiple mechanisms are involved in the pathogenesis, 

• Chronic local infection might lead to pathogenesis of nasal polyps. 

Bachert et al. detected IgE against Staphylococcus aureus enterotoxins in 

nasal polyp tissue when compared with controls.36–38 Recent studies also 

suggested the role of airborne fungi that may contribute to nasal polyps. 

Patients with chronic rhinosinusitis had specific IgE antibodies to 

Alternaria or Cladosporium species.39 

• Fourteen percent of patients with nasal polyps have a positive family 

history.35 Genetic polymorphism of inflammatory genes, in particular the 

A allele at position −308 in the promoter region of the TNF-α gene.40 

Moloney and Oliver et al. showed that there was linkage between human 

leukocyte antigen (HLA)-A1B8 antigen presence and nasal polyps and 

bronchial asthma prevalence.41 Also, an infrequent phenotype HLA- A74 

has also been associated with nasal polyps.42 

• Asero and Bottazzi  have shown in their study that 24 percent of patients 

with nasal polyps were sensitized to house dust mite allergens compared 

to the 14 percent of patients in control group.43 On the contrary, recent 

studies show that atopy is uncommon in patients with nasal polyps.44  

• Aerodynamic factors i.e., the ostiomeatal complex occlusion by 

inflammatory oedema and mucosal lesions are reasons that cause mucosal 

inflammation. When it is chronic it leads onto nasal polyps. Epithelial 

cells from nasal polyps express a variety of inflammatory cytokines and 

growth factors such as IL-8, granulocyte-macrophage colony-stimulating 

https://paperpile.com/c/n84tb7/FUByV+NSlfH+XZmHs
https://paperpile.com/c/n84tb7/yDhAd
https://paperpile.com/c/n84tb7/8MzSJ
https://paperpile.com/c/n84tb7/Utx1z
https://paperpile.com/c/n84tb7/UwVxL
https://paperpile.com/c/n84tb7/85GO7
https://paperpile.com/c/n84tb7/EjE8S
https://paperpile.com/c/n84tb7/tBpp9


 
 

13 

factor (GM- CSF), IL-6, IL-1β, TNF-α, vascular endothelial growth factor 

(VEGF), and RANTES (Released on Activation, Normal T-cell 

Expressed and Secreted).45,46 Polymorphonuclear leukocytes and other 

inflammatory cells like eosinophils, basophils, and mast cells interact 

with opsonized foreign particles and microbes to activate extracellular 

release of potent antimicrobial enzymes.47 Cytokines in nasal polyps drive 

the inflammatory response.48 

Signs and symptoms  

Nasal obstruction is the primary indication of nasal polyps. Such 

obstruction causes hyposmia/anosmia, nasal congestion, nasal discharge, 

postnasal drip, headache, hyponasal voice and shortness of breath.49 

Types 

Major subtypes based on topography and histology, 

A. Subtypes based on topography are  

1. Antrochoanal polyps. 

2. Ethmoidal polyps.  

Nasal polyps are most commonly found arising from the middle meatus 

extending to the rest of the nasal cavity, filling the nose, and finally protruding 

through the nares. If the polyp projects posteriorly into the nasopharynx, it is 

called a choanal polyp. They are frequently bilateral, multiple and has a 

characteristic appearance.25 Nasal polyps which arise from ethmoidal sinuses are 

usually multiple and prolapse anteriorly in the nares.50 

 

https://paperpile.com/c/n84tb7/Iy8ok+7019P
https://paperpile.com/c/n84tb7/wtZUj
https://paperpile.com/c/n84tb7/lcwLm
https://paperpile.com/c/n84tb7/LwzUQ
https://paperpile.com/c/n84tb7/3brXV
https://paperpile.com/c/n84tb7/sompK
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B. Subtypes based on histology are 

1. Oedematous, eosinophilic or allergic nasal polyps. 

2. Chronic inflammatory or fibroinflammatory polyps. 

3. Seromucinous, glandular polyps.  

4. Nasal polyp with stromal atypia, which is infrequent.24,51 

  

B.1. The allergic type 

About 90% belong to this category. It is characterised by normal 

epithelium with a more or less activity of goblet cells. A thickened basement 

membrane is present which is well appreciated with special stains like PAS-

negative silver staining. Abundant eosinophils clustered around vessels along 

with plasmocytes, histiocytes and scattered lymphocytes are also seen.  

Mast cells are seen widespread in the stroma.51 The pedicle of the nasal 

polyp has more mast cells and degranulated mast cells than the apex, making the 

stalk more important in the etiopathogenesis of polyps. Degranulation of mast 

cells play an important role in the formation of nasal polyps.26 In many cases, 

eosinophils are so abundant that they represent more than 50% of the infiltrated 

cells.51 The increase in eosinophil infiltration in nasal polyp supports the theory 

of IgE mediated hypersensitivity.26 

The allergic/ eosinophilic polyps are associated with disorders including 

eosinophilic mucus chronic rhinosinusitis, allergic fungal sinusitis, Sampter’s 

triad and Churg-Strauss syndrome.24,51 

 

https://paperpile.com/c/n84tb7/JxRjT+cd6NA
https://paperpile.com/c/n84tb7/cd6NA
https://paperpile.com/c/n84tb7/wAdlq
https://paperpile.com/c/n84tb7/cd6NA
https://paperpile.com/c/n84tb7/wAdlq
https://paperpile.com/c/n84tb7/cd6NA+JxRjT
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B.2. The chronic inflammatory/ fibroinflammatory type 

These are less common and about 10% of nasal polyps belong to this 

category. The epithelial modifications such as cuboidal stratification or 

squamous transformation are markers of chronicity of inflammation. The pseudo 

thickening of the basement membrane is irregular or absent. The polyp shows an 

exuberant lymphoid hyperplasia with reactive germinal centres. The cellular 

infiltration consists of a mixture of neutrophils, lymphocytes and plasma cells. 

Neutrophils are predominant with less eosinophils. Hyperplasia of seromucous 

glands are less common.24,51 

B.3 The glandular type 

The seromucous glands are numerous and hyperplastic. Eosinophil 

infiltration is predominant.51 Formation and growth of glands is the main reason 

for epithelial rupture theory of polyp formation. Billroth et al. found increased 

number of long tubular glands in the polyps. He interpreted them as new 

formations within the nasal mucosa or adenomas growing under the nasal 

mucosa, protruding the epithelium and the original nasal glands outwards.52 

These long tubular glands are parallel to the longitudinal axis of the polyp. The 

orifices of the glands are in the lower half of the polyp and long tubule running 

up toward the stalk.26 Frerichs et al. hypothesised that oedema of the nasal 

mucosa causes obstruction of the ducts of basal glands, leading to the formation 

of cysts in the nasal mucosa.53 Taylor et al. also reported that cystic dilatation of 

the glands occurs after the polyp has been formed.54 Mucus stagnates within the 

https://paperpile.com/c/n84tb7/cd6NA+JxRjT
https://paperpile.com/c/n84tb7/cd6NA
https://paperpile.com/c/n84tb7/S84rV
https://paperpile.com/c/n84tb7/wAdlq
https://paperpile.com/c/n84tb7/ZHfuT
https://paperpile.com/c/n84tb7/Wp8qC
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tubule and the duct and leads to distension of the gland. As the secretory 

epithelium stretches, the cells become cuboidal and flat and lose their ability to 

secrete and thus becomes inactive. They present as dilated structures and cysts.26 

B.4 Nasal polyp with stromal atypia 

This type of polyp is very infrequent. In an oedematous stroma there will 

be presence of active fibroblasts which show an unusual stellate and 

hyperchromatic appearance. Special immunocytochemical studies have to be 

done to rule out malignancy.51 

Allergic fungal rhinosinusitis with nasal polyps 

In 1983, Katzenstein et al. described allergic Aspergillus sinusitis as a 

newly recognized form of sinusitis. The diagnosis was based on the following 

histological triad: 

1. Clumps of necrotic eosinophils 

2. Charcot‐Leyden crystals (formed by degraded eosinophils) 

3. Non-invasive Aspergillus hyphae within the nasal mucus.55  

Allergic fungal rhinosinusitis with nasal polyps is characterized by 

antifungal IgE sensitivity, eosinophil rich allergic mucus and typical radiological 

features in CT and MRI of paranasal sinuses.56 It develops in immunocompetent 

patients with occurrence influenced by climate, geography and several other 

identified host factors.56  Mixed fungal sinusitis, a combination of invasive 

(chronic granulomatous fungal sinusitis) and non-invasive (allergic fungal 

sinusitis) is a new entity to be considered.57 

 

https://paperpile.com/c/n84tb7/wAdlq
https://paperpile.com/c/n84tb7/cd6NA
https://paperpile.com/c/n84tb7/WriY6
https://paperpile.com/c/n84tb7/t2NV9
https://paperpile.com/c/n84tb7/t2NV9
https://paperpile.com/c/n84tb7/bho2e
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Eosinophils in nasal polyps 

Most patients, when exposed to an allergen, experience an early phase 

reaction characterized by nasal secretion, congestion, itching and sneezing. 

Some patients experience a late-phase reaction, in which nasal congestion 

predominates. Eosinophils are mainly involved in the late-phase reaction after 

infiltration from the peripheral blood into the tissue.58 Eosinophils probably play 

a major role in nasal polyps by releasing cytotoxic granule proteins, such as 

eosinophil cationic protein and major basic protein. The accumulation and 

activation of eosinophils are associated with a number of factors, which include 

the effects of cytokines, adhesion molecules, proteases and other micro 

environmental factors.59 

Eosinophils can synthesize and secrete several important inflammatory 

and regulatory cytokines, particularly interleukin (IL) -5, IL-3 and granulocyte-

macrophage colony-stimulating factor (GM-CSF). GM-CSF has recently been 

shown to be stored in association with crystalloid granules of eosinophils. These 

cytokines prolong eosinophil survival and enhance various metabolic functions. 

They are also involved in migration of eosinophils toward specific tissue sites.7 

Cytokines secreted by T-helper (Th-2) cells account for recruiting and 

activating eosinophils in the nose. Among them, IL-4 is considered to be pivotal, 

since it promotes IgE synthesis, upregulates adhesion molecules selective for 

eosinophil recruitment and causes increased mucus production.60 Chemokines 

also have been demonstrated to induce eosinophil migration.61  IL-13 produced 

in large quantities by CD4+ Th2 lymphocytes, induces activation of eosinophils, 

https://paperpile.com/c/n84tb7/UeBoQ
https://paperpile.com/c/n84tb7/jpMcm
https://paperpile.com/c/n84tb7/jQ7KB
https://paperpile.com/c/n84tb7/iqM2n
https://paperpile.com/c/n84tb7/Y5kMc
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inhibits eosinophil apoptosis, and upregulates eosinophil adhesion molecules on 

endothelial cells.62  

Dendritic Cells 

Human dendritic cells are the most potent ng cells that play a crucial role 

in the link between “innate” (i.e., pathogen recognition) and  “adaptive” (i.e., 

regulation of the type of T cell-mediated response) immune responses.6364  

Location 

Dendritic cells reside in lymphoid organs like the lymph nodes, spleen 

and thymus. They are localised in the blood, skin and gut, female reproductive 

organs, nasal and buccal mucosa etc.65,66,67,68,69 

Morphology 

The dendritic cells are characterized by a villous cell surface with 

branching projections, a lobulated nucleus, large Golgi apparatus, and 

multivesicular bodies. The hallmark of cutaneous LCs is the presence of 

intracytoplasmic Birbeck granules which are rod-shaped organelles with a 

double membrane and a cross-striated pattern, terminating in a small vesicle 

giving an overall tennis-racket appearance ultrastructurally.9 The function of 

these granules is not clear, although an association with endosomal structures 

has been suggested.70 

Types of dendritic cells  

Though there are several subtypes of dendritic cells, they have the same 

features of ingesting antigens, processing and presenting them on the cell 

https://paperpile.com/c/n84tb7/nDNCF
https://paperpile.com/c/n84tb7/fTaO6
https://paperpile.com/c/n84tb7/oX83S
https://paperpile.com/c/n84tb7/Hs9Iy
https://paperpile.com/c/n84tb7/10493
https://paperpile.com/c/n84tb7/Qvu6E
https://paperpile.com/c/n84tb7/EleJZ
https://paperpile.com/c/n84tb7/8FEC3
https://paperpile.com/c/n84tb7/o20Vb
https://paperpile.com/c/n84tb7/4O7eF
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surface. They can be classified according to their anatomical and functional 

location, phenotypic and immunological functions.  The types are 

a. Non-lymphoid/migratory dendritic cells 

b. Lymphoid/resident dendritic cells 

c. Inflammatory dendritic cells 

d. Follicular dendritic cells 

e. Langerhans cells 

a. Non-lymphoid/migratory dendritic cells 

Most epithelial tissues contain ‘non-lymphoid’ or ‘migratory’ dendritic 

cells which acquire antigens and migrate via the afferent lymphatics to lymph 

nodes.71 

b. Lymphoid/resident dendritic cells 

Lymphoid tissue also contains a large cohort of blood-derived non-

migratory ‘lymphoid’ or ‘resident’ dendritic cells. In the steady state, these may 

be difficult to differentiate from migratory dendritic cells derived from the 

tissues.71 

c. Inflammatory dendritic cells 

Inflammatory dendritic cells were first described in the skin of atopic 

dermatitis patients. Inflammatory dendritic cells are a distinct subset of dendritic 

cells that appear during inflammation and derived from monocytes that 

differentiate in situ at the site of inflammation. They can migrate to the draining 

lymph nodes and activate CD4 and CD8 T cells. They  have also been shown to 

stimulate effector or memory T cells directly in the inflamed tissue. Human 

https://paperpile.com/c/n84tb7/2dm7d
https://paperpile.com/c/n84tb7/2dm7d
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inflammatory dendritic cells express HLA-DR, CD11c, CD1a and CD206. They 

have been identified in several inflammatory diseases and in tumor ascites.72  

d. Follicular dendritic cells 

Follicular dendritic cells are essential for high-affinity antibody 

production and for the development of B cell memory. They are characterized as 

'accessory' cells that passively support germinal centre responses. Recently they 

are found to actively shape humoral immunity.73 

e. Langerhans cells 

The LCs were first described by Paul Langerhans, in 1868, as 

dendritically shaped cells, which were located in the squamous epithelium of 

epidermis. Later on, these cells were identified in all stratified squamous 

epithelium of mammals.11 They reside in the supra-basal epidermis and other 

stratified squamous epithelia (bronchus, oral and genital mucous membrane) 

where they form a network.71 Figueroa and Caorsi74 classified the LCs into five 

types, based on the characteristics of dendritic processes. They are 

I. Only one, unbranched process 

II. Only one process which divides into branches 

III. Two processes 

IV. Three or more processes 

V. Three or more processes but with several collaterals which in turn   

          branch dichotomously. 

 

 

 

https://paperpile.com/c/n84tb7/nqkWV
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https://paperpile.com/c/n84tb7/2dm7d
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Functions of dendritic cells 

a. Antigen capture 

b. Antigen processing and presentation 

c. Recruitment and migration 

d. Signal transduction and maturation 

e. Apoptosis 

 

a. Antigen capture 

Immune response is initiated usually by the ability of dendritic cells to 

capture the antigens, convert the proteins into peptides, place them onto the 

major histocompatibility complex and then carry this complex onto the plasma 

membrane.15 Dendritic cells can efficiently internalize a diverse array of antigens 

for processing and loading onto MHC class II molecules. Phagocytosis 

and  pinocytosis are the mechanisms employed by the ng cells for capturing the 

antigens. Immature dendritic cells are characterized by high level of endocytic 

activity.  

In addition, dendritic cells express receptors like Fcγ, FcγRII, 

macrophage mannose receptor,  DEC-205, CD23 and the FceRI which may 

contribute to the ability of dendritic cells to capture exogenous antigens.15,75 

b. Antigen processing and presentation 

Antigens captured by immature dendritic cells are processed and 

presented on either MHC class 1 or MHC class 2 molecules. Two antigen 

processing pathways have been defined, the endocytic pathway and the cytosolic 

https://paperpile.com/c/n84tb7/y7pN8
https://paperpile.com/c/n84tb7/y7pN8
https://paperpile.com/c/n84tb7/8Yuem
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pathway, through which exogenous and endogenous antigens are presented in 

both MHC-I and -II, respectively.76 Dendritic cells process phagocytosed 

extracellular antigens on MHC class 2 molecules.77 Extracellular antigens are 

taken up by dendritic cells and placed into a membrane delimited compartment, 

known as the phagosome. This phagosomal compartment can interact with MHC 

class II molecules. Peptide-loaded MHC class II molecules are then transported 

to the cell surface where they engage antigen-specific CD4+ T cells.78 

Dendritic cells can also load peptides from phagocytosed particles onto 

MHC class 1 through exogenous pathways. This phenomenon is called  cross-

presentation. Unconventional presentation of endogenous cytosolic antigens on 

MHC-II by dendritic cells is by autophagy.79 

c. Recruitment and migration 

Migratory behaviour is a hallmark of dendritic cells. They are recruited 

to sites of antigen challenge, capture antigen and travel toward secondary 

lymphoid organs and fulfil their essential function. 

Certain chemokines and cytokines may effectively recruit dendritic cell 

precursors from the bloodstream. In addition to chemokines, adhesion molecules 

are likely to control dendritic cell migration from peripheral tissues to lymph 

nodes.15 Dendritic cells require efficient directional migration toward T cell 

zones either within their respective lymphoid organ of residence or towards 

regional lymph nodes. Peripheral migration of dendritic cells via afferent 

lymphatics is dependent on a chemokine receptor called CCR7. Other 

https://paperpile.com/c/n84tb7/rriYw
https://paperpile.com/c/n84tb7/nNCHW
https://paperpile.com/c/n84tb7/ngba8
https://paperpile.com/c/n84tb7/mLQO3
https://paperpile.com/c/n84tb7/y7pN8
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chemokine receptors like  CCL19 and CCL21 and a transmembrane protein 

called integrin is also dispensable in migration of dendritic cells.79 

d. Signal transduction and maturation 

After antigen capture, the dendritic cells are activated to enter a process 

of maturation, which transforms dendritic cells into efficient T cell stimulators. 

As the dendritic cells mature, they lose their antigen capturing capacity. Five 

types of surface receptors were reported to trigger dendritic cell maturation 

i. Toll-like receptors (TLR) 

ii. Cytokine receptors 

iii. TNF-receptor (TNF-R) family molecules 

iv. FcR 

v. Sensors for cell death.80 

e. Apoptosis 

Dendritic cells eventually terminate their life cycle in the lymph nodes. 

It is believed that apoptosis of dendritic cells at these regions occurs either by an 

apoptotic program or killing by cytotoxic T cells.81 

Dendritic cells have a high turnover rate and their apoptosis is regulated 

by extrinsic and intrinsic pathways. The extrinsic pathway involves formation of 

the death-inducing signalling complex, which cleaves and activates caspases 8 

or 10. The intrinsic apoptosis pathway involves signals within the cell, inducing 

permeabilization of the mitochondrial outer membrane and thus activates 

caspases for apoptosis.82 

https://paperpile.com/c/n84tb7/mLQO3
https://paperpile.com/c/n84tb7/Asjbw
https://paperpile.com/c/n84tb7/vl8Z3
https://paperpile.com/c/n84tb7/G0zun
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Other extrinsic factors that trigger apoptosis are infections, pathologic 

conditions, UV-induced, tumour-induced, glucocorticoid induced apoptosis. 

Other factors such as leptin, Type I IFN and amyloid peptides also induce 

dendritic cell apoptosis.82 

Surface markers for identification of LCs 

LCs in sections stained with routine haematoxylin and eosin stains 

cannot be clearly visualised. They appear as ‘clear cells’ with a clear halo around 

their nuclei.11 During histologic processing there is shrinkage of cytoplasm 

around the nucleus to result in a clear halo. Various other techniques employed 

to visualise dendritic cells are as follows-  

Enzyme histochemical techniques like ATPase, which is an excellent 

method for the identification of human LCs. Other enzymes used are adenosine 

diphosphatase (ADPase), 5 nucleotidases and amino-peptidases.11 

Special staining methods employed to demonstrate LCs were the metal 

impregnation with heavy metals such as gold chloride, osmium iodide or zinc 

osmium iodide and uranyl acetate-lead staining.11 

In 1913, Champy introduced a mixture of osmium tetroxide and sodium 

iodide as a staining procedure for autonomic nerves. Maillet modified the 

technique in 1959-62 by  including zinc instead of sodium. For neurocytological 

research and also to examine several other tissue samples including epidermal 

LCs, blood and bone marrow cells and lymphoid tissue, the zinc iodide-osmium 

tetroxide (ZIO) fixation / staining technique was implemented.83 

 

https://paperpile.com/c/n84tb7/G0zun
https://paperpile.com/c/n84tb7/LJgYt
https://paperpile.com/c/n84tb7/LJgYt
https://paperpile.com/c/n84tb7/LJgYt
https://paperpile.com/c/n84tb7/ojklv


 
 

25 

Electron microscopy 

Electron microscopic studies have shown that LCs display a cleaved or 

folded nucleus without tonofilaments or desmosomes. Birbeck’s granules are 

characteristically present in their cytoplasm, having a three-dimensional profile 

of a disc. Their size ranges between 100 nm to 1 μm. The most specific marker 

for LCs seems to be the granules. Birbeck’s granules show a vesicle at one end 

and sometimes at both ends. The granule with its vesicle at one end shows a 

distinctive appearance in cross sections, which is called as "tennis racket" 

appearance. Grune and Stratton, 1983, have used six electron microscopic 

criteria of specificity for LCs namely, indented or lobulated nucleus, Birbeck’s 

granules, absence of tonofilaments, well-developed Golgi apparatus with a clear 

cytoplasm, absence of desmosomes and absence of melanosomes, pre-

melanosomes.11 

Immunohistochemistry 

Many surface and cytoplasmic antigens have been localized on LCs using 

antibodies used in different techniques like immunofluorescence or 

immunoperoxidase techniques. The increased level of expression of MHC class 

II antigens is one of the most prominent features of LCs. Many other antigens 

like Fc-IgG, CD11, C3b/C4b, CD25, CD29, CD54, CD1D and CD83 are found 

only in subpopulations of LCs or are present in such trace amounts that their 

detection is only possible by using extremely sensitive methods. CD1 isoforms 

in humans are CD1a, CD1b, CD1c, CD1d and studies have shown that immature 

dendritic cells express immunohistochemical markers CD1a, b, c and d.84 

https://paperpile.com/c/n84tb7/LJgYt
https://paperpile.com/c/n84tb7/dCFgE
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Among all the markers used, CD1a immunolabeling is considered to be 

the most reliable method to identify the human LCs.11 CD1a is a mouse 

monoclonal antibody that is intended for laboratory use in the qualitative 

identification of CD1a protein by immunohistochemistry in formalin fixed 

paraffin-embedded human tissues.85 Recent studies have shown that Langerin 

seems to be the more specific marker for LCs. It has been proposed that Langerin 

induces the formation of Birbeck’s granules. These LC-specific organelles are 

distributed within the cytoplasm and are thought to be involved in antigen 

processing.11 

Role of Dendritic cells in nasal mucosa  

Variable numbers of CD123, CD45RA positive dendritic cells were 

identified in the lamina propria of normal nasal mucosa from unchallenged 

allergic as well as nonallergic individuals.19 A small number of plasmacytoid 

dendritic cells emigrate to the nasal mucosa independent of inflammation. These 

cells were previously believed to traffic directly from bone marrow via blood to 

secondary lymphoid organs. In vitro studies have shown that these cells produce 

large amounts of type I interferons in response to viruses. It is possible that these 

cells play an important role in both innate and adaptive immune defence against 

various viruses. The upper airways being the primary site for viral infections, 

apparently constitute a microenvironment that preferentially attracts these cells 

even in a normal situation. The fact that dendritic cells in the normal situation 

are in direct contact with T cells indicated that a constant immunologic control 

by resident dendritic cells are performed locally.21 

https://paperpile.com/c/n84tb7/LJgYt
https://paperpile.com/c/n84tb7/1VoVL
https://paperpile.com/c/n84tb7/LJgYt
https://paperpile.com/c/n84tb7/nonWU
https://paperpile.com/c/n84tb7/Gx7Jz


 
 

27 

Pezato et al. in his study demonstrated an increased number of both 

myeloid dendritic cells  and plasmacytoid dendritic cells in nasal polyp tissue as 

compared to healthy, non inflamed nasal mucosa.86 

Epithelial LCs were believed to occur only in squamous epithelium. Yet 

there are studies which have demonstrated LCs in the epithelium of lung,87 

cornea,88 Fallopian tube,89 and bile duct.88 Fokkens et al. in his study using 

immunofluorescence methods and double immune-staining with CD1 and anti-

IgE found IgE on CD1 positive cells in the nasal epithelium of patients with grass 

pollen allergy. He also showed that CD1 positive cells, presumably LC, also 

occur in the columnar epithelium and lamina propria of the nasal mucosa.90 

A network of intraepithelial HLA-DR positive cells with dendritic 

morphology has been identified in the human upper airways.91 Only a small 

proportion of these cells were shown to express dendritic cell markers such as 

CD1a90 and the same was the case in the lower airways.92 Thus, at present it 

remains unknown whether HLA-DR positive cells are macrophages or the other 

subsets of dendritic cells are the principal ng cells in the human upper airways.  

Godthelp et al. in his study  on allergic rhinitis showed that CD1a positive 

dendritic cells accumulated after an allergen challenge. However, paired 

immunostaining revealed that the CD123 positive plasmacytoid dendritic cell 

subset was constantly negative for CD1a. He also reported that the CD1a positive 

cells and CD123 positive cells were distributed differently in nasal mucosa. 

CD1a positive cells predominantly occurred in the surface epithelium as 

previously reported,93 whereas plasmacytoid dendritic cells were mainly located 

https://paperpile.com/c/n84tb7/ycY4Q
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in the lamina propria. Their findings suggested that these two phenotypically 

distinct dendritic cell subsets accumulate within different tissue compartments 

of allergic airway mucosa in response to allergen challenge, which might reflect 

a functional difference between them.19 Jahnsen et al.  found that CD1a positive 

cells in normal nasal mucosa were preferentially localized in the epithelium. He 

postulated that, it is possible that CD1a positive dendritic cells in the airways 

originate from the myeloid dendritic cell precursor subset in circulation express 

CD1a after migration into the surface epithelium.94  

It is well documented that LCs play an important role in the immune 

process. However the role played by LCs in pathological conditions like 

sinonasal polyposis is still not clearly evident.  
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4. MATERIALS AND METHODS 

1. Collection of Specimens 

1. Sample size determination 

2. Inclusion Criteria 

3. Exclusion Criteria 

4. Sample Collection 

2. Fixation and processing of tissues 

1. Histochemical study using zinc iodide osmium method 

2. Immunohistochemistry using CD1a antibody 

3. Quantification of eosinophils using Haematoxylin and Eosin 

staining 

3. Statistical Methods 

4.1 Collection of specimens 

Ethical approval for the study was obtained from the Institutional Review 

Board of Christian Medical College, Vellore. The morphology and distribution 

of LCs in normal nasal mucosa (controls) and nasal polyps (cases) was 

demonstrated by two methods, the histochemical method using  zinc iodide 

osmium staining and immunohistochemistry method using CD1a antibody. 

4.1.1 Sample size determination 

The sample size calculation was done based on data available from a 

previous study.90 Calculating the power at 80% and the significance level at 5%, 

a minimum of 20 subjects in each arm would be required to obtain a difference 

of 18 units. The sample size was determined to be 20 each among the normal 

https://paperpile.com/c/n84tb7/jebVz
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and nasal polyp groups. The required sample size was calculated using the 

formula, 

𝑠𝑝 
2 =  

𝑠1
2 + 𝑠2

2

2
 

 
 

𝑛 =
2𝑠𝑝   

2[𝑍1−𝛼/2 + 𝑍1−𝛽] 2

𝜇𝑑
2  

Where, 

 

      𝑆1
2    : Standard deviation in the first group 

 

     𝑆2
2     : Standard deviation in the second group 

 

     𝜇𝑑
2      : Mean difference between the samples 

 

     𝛼       : Significance level 

 

     1 − 𝛽   : Power 
 

4.1.2 Inclusion criteria                                 

For cases, patients with allergic and non-allergic nasal polyps 

undergoing  excision biopsy were included. For controls, patients with deviated 

nasal septum with or without turbinates hypertrophy undergoing septoplasty and 

turbinectomy and patients with CSF rhinorrhea undergoing endoscopic CSF leak 

repair were included. 

4.1.3 Exclusion criteria   

• Immunocompromised patients. 

• Patients with a history of chemotherapy or radiation 

• Patients found to have any associated pathology either at surgery    

           or based on the final histopathological report. 
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4.1.4 Sample collection 

Normal nasal mucosa (control) tissues  were obtained from 21 patients 

undergoing septoplasty.  The sinonasal polyps specimens (cases) were obtained 

from 23 patients undergoing excision biopsy from the Department of ENT, 

Christian Medical College, Vellore. In addition to this, 27 more cases were 

collected for routine Haematoxylin & Eosin staining for counting the 

eosinophils. Informed consent was obtained from all the patients who 

participated in the study. 

  

4.2 Fixation and processing of tissues 

4.2.1 Histochemical study using zinc iodide osmium method 

The tissue collected were trimmed and fixed in veronal-buffered zinc 

iodide-osmium tetroxide, pH 7.474 for 48 hours at 4°C in the dark,washed in 

distilled water, dehydrated in graded ethanol, cleared in xylene and embedded in 

paraffin wax. Serial sections of 6 µm thickness were taken. The sections were 

transferred to glass slides, deparaffinized, mounted in DPX (Distyrene 

Plasticiser Xylene)  without counterstain and viewed under microscope. ZIO 

mixture acts as simultaneous fixative and stain. 

Preparation of ZIO mixture 

For the preparation of ZIO mixture 1 gm of iodine bi-sublimate and 2.4 

gms of zinc powder were dissolved in 40 ml of 0.2M Veronal-sodium HCl buffer 

(pH of 7.4). After the solution was shaken for ten minutes, it was immediately 

https://paperpile.com/c/n84tb7/5YInr
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filtered. Then the solution was mixed with 2% osmium tetroxide at a ratio of 3:1 

to obtain the Zinc Iodide-osmium mixture. 

4.2.2 Immunohistochemistry using CD1a antibody 

The tissues collected were stored in neutral formalin solution for about 10 

to 14 days to prevent autolysis and until the tissues were adequately fixed and 

then processed for immunohistochemistry. After fixation, tissues were kept 

under running water for about 8-10 hours for removing excess formalin. Then 

the tissues were dehydrated in ascending grades of alcohol. (70%, 80%, 90%, 

95% and 100%) each lasting for an hour followed by clearing in toluene. Once 

adequately cleared, the tissues were impregnated with molten paraffin wax and 

eventually embedded in paraffin blocks. The blocks were labelled accordingly 

and stored for sectioning. 

Paraffin blocks were mounted onto block holders and 4-5 µm thick serial 

sections were taken using a rotary microtome and mounted on Poly- L-lysine 

(PLL) coated slides. The slides were air dried and then placed in an incubator at 

37°C overnight. Approximately 10-15 slides were prepared from a block, 

labelled and then stored. 

Procedure 

The slides for immunostaining were incubated in a 57°C oven overnight, 

prior to the staining. The solutions required for the procedure were prepared and 

kept ready. Antibody kit would be checked and kept handy. 
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Antibodies and preparation of solutions 

Primary antibody 

The primary antibody used was the CD1a-EP80  Rabbit monoclonal 

antibody obtained from PathnSitu Biotechnologies Pvt. Ltd. (California, U.S.). 

Universal secondary antibody kit 

PolyExcel HRP/DAB Detection system universal antibody kit obtained 

from PathnSitu Biotechnologies Pvt. Ltd. (California, U.S.) was used and the 

contents were: 

a. PolyExcel H2O2 

b. PolyExcel Target binder 

c. PolyExcel Poly HRP 

d. PolyExcel DAB- buffer 

e. PolyExcel DAB- chromogen 

 

Buffers 

Two buffers were prepared namely the EDTA buffer and TRIS buffered 

saline. 

Ethylenediaminetetraacetic acid (EDTA) buffer 

Preparation of one litre of EDTA buffer required a mixture of 6.05 gms 

of Tris (hydroxyl ethyl) aminomethane, 0.7465 grams of EDTA and 1000 ml of 

distilled water. The pH of the solution was adjusted to 9. 

TRIS (hydroxyl ethyl) aminomethane buffer 

Preparation of 1 litre of Tris buffer required a mixture of 8 gms of NaCl, 0.605 

gms of TRIS, 4 ml of 1N HCl and 1000 ml of distilled water. The pH of the 

solution  was adjusted to 7.6. 
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Immunostaining method 

Selected slides were taken from the 57°C incubator and then 

deparaffinized in xylene for 30 minutes, following which the slides were 

dexylenised in absolute isopropyl alcohol for two changes of one minute each. 

The sections were rehydrated in running water for 10 minutes and rinsed in 

distilled water. Once rehydrated, the antigen retrieval was done using the heat 

retrieval technique, using a pressure cooker. The slides were arranged in a slide 

rack, adequately spaced and then transferred to a preheated EDTA buffer and 

heated under pressure. After two whistles that is approximately 10 minutes the 

cooker was taken off and was then placed under running water to facilitate rapid 

cooling to room temperature. 

The slides were then transferred to distilled water for 5 minutes and then 

washed with TBS twice each for five minutes. The remaining steps were carried 

out in an air conditioned room were the slides were arranged in a humidified 

chamber. 

The next step was to block all the endogenous enzymes within the tissues 

using a peroxidase block for ten minutes and was done in the dark to avoid 

decomposition of H2O2 in the solution. Excess solution was drained from each 

slide and dipped in two changes of distilled water and placed in TBS solution for 

15 minutes. Then the slides were first incubated with the primary antibody and 

placed inside the humidification chamber for an hour. Excess primary antibody 

was drained and slides were washed in TBS, two changes, each for five minutes 
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Then the sides were coated with diaminobenzidine (DAB) chromogen. 

On completion of the above mentioned process, the slides were counterstained 

with Harris haematoxylin, rinsed in a supernatured solution of lithium carbonate, 

a bluing agent. Finally, the slides were rinsed in distilled water, cleared in 

Xylene, air dried and a coverslip was mounted using the DPX mounting medium. 

  

4.2.3 Quantification of eosinophils using Haematoxylin & Eosin staining 

Standard haematoxylin and eosin (H&E) staining technique was done for 

sections taken from twenty controls and fifty cases which included both fungal 

and non- fungal cases for quantifying eosinophil count. 

The slides were studied under the Olympus BX43 microscope with an 

inbuilt Olympus DP21 camera and the software used was CellSens image 

analysing software (ver.1.4.) The number of ZIO/CD1a positive LCs and 

eosinophils were counted under 40X magnification using the closed polygon 

measuring option of the image analyzing software in 20 fields, each field 

measuring approximately 50,000 μm2 square thus making a total area of 1 mm2. 

(Figure 4.1) 
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Fig 4.1 
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4.3 Statistical methods                

Data was entered in Epidata (version 3.1) software and  data analysis was 

done using SPSS version 24.  

• Descriptive statistics namely range, mean with standard deviation, 

median with interquartile range were obtained for continuous variables. 

• Non-parametric Mann Whitney U test was done to determine the 

significance in the number of ZIO positive LCs and CD1a positive LCs                                                                                                                                                                                                                                

between normal nasal mucosa and nasal polyps. 

• Non-parametric Mann Whitney U test was done to determine the 

significance in the number of eosinophils between normal nasal mucosa 

and nasal polyps. 

• To determine the correlation between the number of ZIO and CD1a 

positive LCs and also the eosinophils in controls and cases with nasal 

polyps, Pearson’s correlation test was done. 
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5. RESULTS 

Study population 

Age of the patients in the control group  ranged from 23 to 62 years with 

a mean age of 40.5 ± 10.79 while in the cases it ranged from 18 to 65 years with 

a mean age of 40.6 ± 11.4. The nasal mucosa specimens collected were 

categorized into  controls (n= 21) and cases (n= 23). The cases were further 

subcategorized into fungal nasal polyps (n=12) and non-fungal nasal polyps 

(n=11). For counting eosinophils, an additional 27 cases were included (total of 

50 cases) and studied. Since there was an outlier, only 49 cases were considered 

for analysis.  

5.1. LCs in nasal mucosa by ZIO technique 

5.1.1. LCs in nasal mucosa of controls 

5.1.2. LCs in nasal mucosa of cases 

5.1.3. Comparison of ZIO positive LCs between controls and cases 

5.2. LCs in Nasal mucosa by Immunohistochemistry 

5.2.1. LCs in nasal mucosa of controls 

5.2.2. LCs in nasal mucosa of cases 

5.2.3. Comparison of CD1a positive LCs between controls and cases 

5.3. Eosinophils in Nasal mucosa 

5.3.1. Comparison of eosinophils between controls and cases 

5.4. Correlation between ZIO positive LCs and eosinophils in cases and   

           controls 
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5.5. Correlation between CD1a positive LCs and eosinophils in cases and 

controls 

  

5.1 LCs in nasal mucosa by ZIO technique 

5.1.1 LCs in nasal mucosa of controls: 

The nasal mucosa was lined by pseudostratified ciliated columnar 

epithelium  (Figure 5.1.1) or stratified squamous epithelium (squamous 

metaplasia) (Figure 5.1.2). In controls,  the ZIO positive LCs were very sparse 

or nearly absent in the surface epithelium (Figure 5.1.1). Figures 5.1.3a 

and  5.1.3b show hyperplastic pseudostratified ciliated columnar epithelium with 

a hyalinised basement membrane and ZIO positive cells in the epithelium. 

Lamina propria had connective tissue with  mucosal glands, blood vessels and 

nerve fibres. The ZIO positive cells were seen either within glands (Figure 

5.1.4a) or surrounding them (Figure 5.1.4b). In certain controls, the mucosa and 

lamina propria were entirely devoid of ZIO positive LCs (Figure 5.1.5). The 

number of ZIO positive LCs in the normal nasal mucosa ranged from 0 to 4 with 

a mean of 0.67 ± 1.238 per mm2 (Table 1). 

  Range Mean (SD) Median      IQR 

ZIO 0-4 0.67±1.23 0              1 

CD1a 0-81 8.05±17.63 2.5         7.5 

Table 1:  Number of LCs in the nasal mucosa of controls per mm2 area of lamina propria (n=21). 
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Add Fig 5.1.1, 5.1.2 

  

  

  

  

  

  

  

  



 
 

41 

Add  Fig 5.1.3a, 5.1.3b 
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Add Fig 5.1.4a, 5.1.4b 
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Add Fig 5.1.5, 5.1.6a 
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5.1.2 LCs in nasal mucosa of cases 

In cases of nasal polyp, ZIO positive cells were seen in the surface 

epithelium, lamina propria  (Figure 5.1.6a) and among glands (Figure 5.1.6b). 

They were either dendritic in nature or non-dendritic (Figure 5.1.7). All types of 

LCs were seen both in the epithelium and lamina propria ( Figure 5.1.8a, 5.1.8b, 

5.1.8c). A case of bilateral sinonasal polyposis, had a hyperplastic respiratory 

epithelium with  ZIO positive cells were seen in its basal, mid-epithelial and 

supra-basal layers. Migration of LCs across the basement membrane was seen 

(Figure 5.1.9). A case of chronic rhinosinusitis with polyposis displayed ZIO 

positive cells were seen among the lymphatic aggregation (Figure 5.1.10). These 

cells were noted in the walls of cystically dilated glands which were filled with 

secretory material (Figure 5.1.11).  They were noted in the walls of capillaries as 

well (Figure 5.1.12).  

A case of chronic rhinosinusitis with polyps, the subepithelial stroma 

showed oedema, congestion, focal  fibrosis, several thick and thin walled blood 

vessels. ZIO positive cells were seen clustered around the blood vessels. Many 

of them were non dendritic in nature, large and polygonal in shape (Figure 

5.1.13).  

A case of chronic rhinosinusitis with polyps had a pseudostratified 

ciliated columnar epithelium and lamina propria with abundant number of ZIO 

positive cells (Figure 5.1.14a). Vascular ZIO positive cells were also identified. 

They were present in the lamina propria interconnecting with each other by their 
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dendritic processes (Figure 5.1.14b). There are exceptions in certain cases of 

chronic rhinosinusitis with polyps, where there were no ZIO positive cells in the 

mucosa or lamina propria. 

A case of bilateral sinonasal polyposis with Kartagener’s syndrome, 

showed  ZIO positive LCs in the epithelium, lamina propria and also among 

glands (Figures 5.1.15 a and b). These cells were large and had dendritic 

processes in lamina propria (Figure 5.1.15c). They were also found lining the 

blood vessels (Figure 5.1.15d). A case with sphenochoanal polyp had ZIO 

positive cells aggregated below the basement membrane (Figure 5.1.16).   

Cases of fungal polyps also had ZIO positive LCs with dendritic processes 

distributed in the epithelium and lamina propria  (Figure 5.1.17a). 

Neovascularization was seen with these cells within the capillaries (Figure 

5.1.17b). Certain cases of fungal sinusitis with polyps had aggregation of ZIO 

positive cells beneath the basement membrane (Figure 5.1.18) and admixed with 

the allergic mucin (Figure 5.1.19). The number of ZIO positive LCs in the cases 

ranged from 0 to 97 with a mean of 24.38 ± 29.51 per mm2  (Table 2). 

  

  Range          Mean (SD) Median         IQR 

ZIO 0-97         24.38 ± 29.54 12.0            44 

CD1a 1-99         21.95 ± 22.67   13.5            25.25 

Table 2:  Number of LCs in the nasal mucosa of cases per mm2 area of lamina propria (n=21). 
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The number of ZIO positive LCs in the fungal nasal polyps per mm2 

showed wide variation ranging from 0 to 97 with a mean of 23.6 ± 29.9 per mm2 

area. While the number of ZIO positive LCs in the non- fungal nasal polyps 

ranged from 0 to 91  with a mean of 25.09 ± 30.651 per mm2 area. Comparison 

of the ZIO positive LCs distribution across non-fungal and fungal cases was not 

statistically significant (Table 3). 

  

 Range Mean (SD) Median IQR p-value 

Non-fungal Polyps (n=11) 0-91 25.09±30.65 9 51 

0.91 

Fungal Polyps (n=10) 0-97 23.6±29.9 13.5 38 

Table 3: Comparison of ZIO positive LCs in fungal and non-fungal polyps per mm2 area. 

  

 

5.1.3 Comparison of ZIO positive LCs between controls and cases 

On comparing the distribution of ZIO positive LCs across controls and 

cases, the median score was statistically significant between cases and controls 

(p=0.001) (Chart 1). A significantly higher number of ZIO positive LCs 

(p=0.001) was noted in the cases. 
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Chart 1: Comparison of ZIO positive LCs between controls and cases using the 

Mann-Whitney U test.  

  

5.2 LCs in Nasal mucosa by Immunohistochemistry 

5.2.1 LCs in nasal mucosa of controls 

Controls with deviated nasal septum were lined with pseudostratified 

ciliated columnar epithelium (Figure 5.2.1a). A few controls had areas of 

stratified squamous epithelium (Figure 5.2.1b) was seen. Those controls lined 

with pseudostratified ciliated columnar epithelium had a hyalinised basement 

membrane with denuded epithelium (Figure 5.2.1a). But CD1a positive cells 

were absent in this epithelium.  
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In areas lined with stratified squamous epithelium, all 5 Types of CD1a 

positive LCs were noted in the epithelium (Figure 5.2.2). 

The lamina propria had CD1a positive cells were interconnecting with 

each other by  their dendritic processes (Figure 5.2.3a). Some of these cells were 

seen interspersed among glands in the lamina propria (Figure 5.2.3b). The 

number of CD1a positive LCs in the nasal mucosa of controls, ranged from 0 to 

81 with a mean of 8.05 ± 17.63 per mm2 (Table 1). 

  

5.2.2 LCs in nasal mucosa of cases 

CD1a positive LCs were seen both in the epithelium and lamina propria 

of cases (Figure 5.2.4)  

In bilateral sinonasal polyposis with Kartagener’s syndrome, CD1a 

positive LCs were present sparsely in the pseudostratified ciliated columnar 

epithelium with increased goblet cell density (Figure 5.2.5a) and few LCs devoid 

of processes was seen in the walls of mucosal glands (Figure 5.2.5b). 

In chronic rhinosinusitis with polyposis, very sparse CD1a positive LCs 

were present either in the basal layer of the hyperplastic respiratory epithelium 

(Figure 5.2.6) or in the apical layer of the epithelium (Figure 5.2.7). CD1a 

positive LCs were seen interacting with the lymphocytes in the lamina propria 

(Figure 5.2.8). They were also found in  a cystically dilated gland within the 

secretory material (Figure 5.2.9). 

Cases of allergic fungal rhinosinusitis with polyps had CD1a positive LCs 

distributed in both the epithelium and lamina propria (Figure 5.2.10). They were 



 
 

63 

also present adjacent to the walls of subepithelial capillaries (Figure 5.2.11). 

These cells were also present in the cyst walls filled with allergic mucin in the 

lamina propria (Figure 5.2.12). 

The number of CD1a positive LCs in nasal polyps ranged from 1-99 with 

a mean of 21.95 ± 22.67 per mm2 (Table 2). In table 4, the number of CD1a 

positive LCs in the non- fungal nasal polyps ranged from 1 to 24 with a mean of 

12.3 ± 7.1  per mm2 and the number of CD1a positive LCs in the fungal nasal 

polyps ranged from 3 to 99 with a mean of 30.0 ± 28.0 per mm2. On comparing 

the distribution of CD1a positive LCs across non-fungal and fungal cases was 

not statistically significant (Table 4).  

 Range Mean (SD) Median IQR p-value 

Non-fungal Polyps (n=10) 1-24 12.3 ± 7.1 13 10.75 

0.18 

Fungal Polyps (n=12) 3-99 30.0 ± 28.0 25.5 34.5 

Table 4: Number of CD1a positive LCs in fungal and non-fungal polyps per mm2 area 

 

5.2.3 Comparison of CD1a positive LCs between controls and cases 

On comparing the distribution of CD1a positive LCs across controls and 

cases, it showed that the median score was statistically significant between cases 

and controls (p=0.001) (Chart 2). A significantly higher number of ZIO positive 

LCs (p=0.001) was noted in the cases. 
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Chart 2: Comparison of CD1a  positive LCs between controls and cases using the 

Mann-Whitney U test. 

 

5.3. Eosinophils in Nasal mucosa 

Nasal mucosa lined with pseudostratified ciliated columnar epithelium 

using H&E staining showed eosinophils in the lamina propria (Figure 5.3.1). 

In cases of chronic rhinosinusitis with polyposis, subepithelial stroma 

showed edema with inflammatory infiltrates like lymphocytes, eosinophils, mast 

cells, plasma cells etc within the epithelium and the lamina propria. In addition, 

hyperplasia of submucosal glands and intraepithelial eosinophils were seen 

(Figure 5.3.2a,b,c,d). 
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      Cases of fungal rhinosinusitis with polyposis showed eosinophils present in 

clumps (Figure 5.3.3). Charcot-Leyden crystals were admixed with allergic 

mucin in cases of allergic fungal polyps (Figure 5.3.4). 

The number of eosinophils per mm2 area of lamina propria was counted 

in 20 controls and in 50 cases. Since there was an outlier, only 49 cases were 

taken for statistical analysis. 

The  number of eosinophils in the  lamina propria of controls ranged from 

0 to 12 with a mean of 2.05 ±2.645 per mm2 and cases ranged from  1 to 121 

with a mean of 17.55 ±22.416 per mm2  (Table  5). 

 Range Mean (SD) Median IQR 

Controls (n=10) 0-12 2.05 ± 2.645 1.5 12 

Cases (n=49) 1-121 17.55 ± 22.416 10 15.5 

Table 5: Number of eosinophils per mm2 area of nasal mucosa among controls and cases  

 

The number of eosinophils in the non- fungal nasal polyps ranged from 1 

to 121 with a mean of 17.24 ± 25.5  mm2 and number of eosinophils in the fungal 

nasal polyps ranged from 4 to 52 with a mean of 18.1 ± 14.56 per mm2. On 

comparing the distribution of eosinophils across non-fungal and fungal cases, it 

showed that the median score was not statistically significant (Table 6). 

 Range Mean (SD) Median IQR p-value 

Non-fungal Polyps (n=33) 1-121 17.24 ±25.5 9 14.5 

0.14 

Fungal Polyps (n=16) 4-52 18.1 ±14.56 12.5 17.25 

Table 6: Number of eosinophils in fungal and non-fungal polyps per mm2 area 
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5.3.1. Comparison of eosinophils between controls and cases. 

On comparing the distribution of eosinophils across controls and cases 

showed a statistically significant median score (p=0.001) (Chart 3). When the 

number of eosinophils was compared between the two groups, a statistically 

significant (p=0.001) higher number was noted in the cases with nasal 

polyps.

 

Chart 3: Comparison of eosinophils between controls and cases using the Mann-Whitney U test.  

   

A case of bilateral sinonasal polyposis showed squamous metaplasia and 

focal ulceration in the respiratory mucosa. It was an outlier, having a great 

number of eosinophils (333/mm2) in the lamina propria as shown in Figure 5.3.5. 
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5.4. Correlation between ZIO positive LCs and eosinophils in cases and 

controls 

ZIO positive LCs and eosinophils were negatively correlated, although 

their correlation was not statistically significant (r = − 0.045; p-value = 0.86) in 

the controls. ZIO positive LCs and eosinophils were positively correlated 

although their correlation was not statistically significant (r = 0.176; p-value = 

0.47) in the cases. 

  

5.5. Correlation between CD1a positive LCs and eosinophils in cases and 

controls 

CD1a positive LCs and eosinophils were positively correlated although 

their correlation was not statistically significant in both controls (r = 0.432; p 

value = 0.73) and cases (r = 0.33; p-value = 0.144). 
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6. DISCUSSION 

6.1. Epithelium of nasal mucosa in controls and cases 

6.2. LCs in epithelium of nasal mucosa 

6.3. LCs in lamina propria of the nasal mucosa 

6.4. LCs in lymphatic aggregation of nasal polyps 

6.5. LCs in nasal mucosal glands 

6.6. Vascular LCs in nasal mucosa 

6.7. LCs in fungal nasal polyps 

6.8. LCs in nasal mucosa of Kartagener’s syndrome 

6.9. Morphology of LCs in nasal mucosa 

6.10. Eosinophils in nasal polyps    

The mucosal dendritic cells shape the  mucosal immune system by 

recognising and eliminating pathogens.95 These cells represent outposts of the 

immune system, which are located at the border zones such as the oral or nasal 

mucosa.96 The dendritic cells are professional ng cells capable of inducing both 

humoral and cellular immune response.97 They consist of a heterogeneous 

collection of cells capable of antigen capture, processing and presentation to 

naive T cells. These subtypes  are dependent on infections or inflammatory 

stimuli for their production and differ in their location, migratory pathways and 

immunological function.98  

 

The nasal mucosa is constantly bombarded by a wide variety of 

exogenous antigens. This situation is a severe challenge to the maintenance of 

https://paperpile.com/c/n84tb7/14O64
https://paperpile.com/c/n84tb7/sJMax
https://paperpile.com/c/n84tb7/b4aSJ
https://paperpile.com/c/n84tb7/4KLy1
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local immunological homeostasis. To this end, local T cells are believed to play 

a key role in responding vigorously to microbial pathogens while ignoring 

harmless ubiquitous environmental antigens. This T cell system is under strict 

control by professional ng cells such as macrophages and various dendritic cell 

subsets.94 Nasal dendritic cells are important for the induction of intranasal 

vaccine induced immune response.99 

These airway dendritic cells are essential for stimulating naive T cells in 

a primary immune response against inhaled allergens and for the development 

of allergic sensitization. However, they are also essential for presenting inhaled 

allergen to previously primed Th2 cells, for stimulating memory T cells in a 

secondary response to inhaled allergen, and for the subsequent development of 

chronic airway inflammation leading to chronic eosinophilic airway 

inflammation.100 The entry of dendritic cells into the nasal mucosa is regulated 

through the expression of adhesion molecules, which in turn are upregulated by 

cytokines.101 There seems to be a rapid turnover rate of resident dendritic cells 

in the airway mucosa.102 

A subset of dendritic cells called LCs, are present in different mucosal 

linings including the nasal mucosa.90  The density of LCs is highest in the 

epithelial surface of the upper airways which decreases towards the smaller 

airways in the periphery of the lung.103 Baguley et al. (2019) has demonstrated a 

higher number of dendritic cells in nasal mucosa of female patients.104 

 

 

https://paperpile.com/c/n84tb7/quQOq
https://paperpile.com/c/n84tb7/mchon
https://paperpile.com/c/n84tb7/8QzRR
https://paperpile.com/c/n84tb7/iOqn0
https://paperpile.com/c/n84tb7/eZnOG
https://paperpile.com/c/n84tb7/jebVz
https://paperpile.com/c/n84tb7/2Cx7Q
https://paperpile.com/c/n84tb7/nY0ev
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6.1. Epithelium of nasal mucosa in controls and cases      

The current study deals with the presence of ZIO and CD1a positive LCs 

in the nasal mucosa of controls and nasal mucosa of cases. In the present study, 

the epithelium of the nasal mucosa of the controls, was predominantly 

pseudostratified ciliated columnar epithelium but also had areas of squamous 

metaplasia was seen. In concordance with this finding, Augusto et al. reported 

that normal respiratory epithelium often showed scattered areas of metaplastic 

squamous or cuboidal epithelium localized mainly in the inferior turbinates.105 It 

was noted that the dendritic cells or LCs were intimately associated with the 

epithelial barrier in stratified epithelia  to take up samples of foreign material 

from the external environment which are transported to regional lymphoid 

tissues. This finding was in alignment with Kraehenbuhl JP et al. who compared 

it to the M cells of simple epithelia which sample foreign material and 

microorganisms and deliver them by transepithelial transport from the lumen to 

the underlying organized lymphoid tissue.106  

In the present study, in cases of nasal polyps, the respiratory epithelium 

was either denuded or hyperplastic or stratified with a hyalinised basement 

membrane. According to Larsen et al. the polyp surface is covered by 

pseudostratified ciliated columnar epithelium but squamous epithelium is also 

found especially in anterior polyps due to inhaled air currents.107,108 They also 

reported that in nasal polyps, the pseudostratified ciliated epithelium was partly 

replaced by non-ciliated flat epithelium or stratified squamous epithelium with 

an advanced keratinization.108 The airway epithelium plays an important role and 

https://paperpile.com/c/n84tb7/AM0Fh
https://paperpile.com/c/n84tb7/Ponb4
https://paperpile.com/c/n84tb7/gwYf6
https://paperpile.com/c/n84tb7/cMTQU
https://paperpile.com/c/n84tb7/cMTQU
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influences the pathogenesis of inflammatory airway disease. The HLA-DR 

antigen was expressed in epithelial cells, suggesting involvement of surface 

epithelium of human airway in local immune responses.109 Epithelial defects 

have been described in nasal polyp leading to impaired function of the epithelium 

and altered epithelial cell kinetics. Polyps are more common in the narrow 

middle meatus, where there is contact between the epithelial surfaces.110 

Basement membrane thickening and hyalinisation indicates long lasting 

inflammation and is considered a marker of airway remodeling.111 

In epithelium, goblet cell density also shows variations. Tos et al. in his 

study has found that there was a decrease in the number of  goblet cells in chronic 

sinusitis.112  They are less in nasal polyps when compared with normal nasal 

mucosa and are less  in anterior polyps than in posterior polyps.107 

6.2. LCs in epithelium of nasal mucosa 

In the present study, both ZIO and CD1a positive LCs were seen in the 

epithelium of controls and cases by two techniques, the ZIO technique and CD1a 

immunostaining. The CD1a positive cells were nearly absent in the 

pseudostratified ciliated columnar epithelium of the controls.  They were also 

present in controls where the epithelium has undergone squamous metaplasia. 

This is in contrast to Fokkens et al. (1989) who has demonstrated CD1a positive 

LCs in the middle and basal layers of the pseudostratified ciliated columnar 

epithelium of normal nasal mucosa. Jahnsen et al. (2004) had demonstrated the 

presence of HLA-DR positive LCs in the epithelium of normal nasal mucosa.     

  

https://paperpile.com/c/n84tb7/I9mic
https://paperpile.com/c/n84tb7/LHDm7
https://paperpile.com/c/n84tb7/CC02p
https://paperpile.com/c/n84tb7/0MSdY
https://paperpile.com/c/n84tb7/gwYf6
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The LCs were seen in basal, mid-epithelial and supra basal layers of the 

epithelium.  But distribution was not always regular in the epithelium. Most 

often they were seen in one part of the epithelium and rest were devoid of cells 

as well.  Various other authors have demonstrated the presence of CD1a positive 

and HLA-DR positive cells in the epithelium of nasal mucosa with allergic 

rhinitis and nasal polyp which suggests an active role for the epithelium in the 

immunological response of the normal mucosa as well as that of the nasal 

polyp.113 

Both the ZIO positive and CD1a positive LCs  in the nasal mucosa of 

controls and cases were both dendritic and non-dendritic in nature. The typical 

dendritic type of ZIO positive LCs were more in number than the CD1a positive 

cells in the pseudostratified ciliated columnar epithelium.  

In the current study, LCs were seen migrating across the basement 

membrane towards the epithelium. Migration of LCs has been reported in human 

cervical mucosa67 and tympanic membrane.114 Certain other studies has also 

shown migration through the basement membrane pores in other organs like 

skin115, lung116 and gastrointestinal tract.117 

 

6.3. LCs in lamina propria of the nasal mucosa 

A significant increase of LCs and HLA-DR positive cells has been 

reported in the lamina propria of patients with allergic rhinitis.93,118 The LCs in 

the lamina propria are found mainly in the subepithelial layer. In this layer, 

clusters of LCs and activated HLA‐DR positive cells were noted at regular 

https://paperpile.com/c/n84tb7/07p1X
https://paperpile.com/c/n84tb7/Qvu6E
https://paperpile.com/c/n84tb7/UwizM
https://paperpile.com/c/n84tb7/lxso4
https://paperpile.com/c/n84tb7/EeyyC
https://paperpile.com/c/n84tb7/hUK8h
https://paperpile.com/c/n84tb7/0SJ86+0cLRH
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intervals.103  In the present study, the typical dendritic type of ZIO positive LCs 

were seen predominantly in the lamina propria of nasal polyps. In lamina propria, 

both ZIO positive cells and CD1a positive cells were seen interspersed among 

the seromucous glands in the lamina propria. 

 

6.4. LCs in lymphatic aggregation of nasal polyps 

Though the Nasal Associated Lymphatic Tissue (NALT) has been 

described in murines,119 in humans, adenoids take over the function. But in the 

current study,  lymphatic aggregates were seen in the nasal mucosa of chronic 

rhinosinusitis with nasal polyps . Both ZIO and CD1a positive cells were seen in 

the lymphatic aggregation in the nasal mucosa in this study.  Linder et al. 1993 

has reported the presence of numerous scattered T lymphocytes and HLA-DR 

positive dendritic-like cells in the subepithelial areas of normal mucosa as well 

as the nasal polyp.113 Close contact of LCs with T lymphocytes confirms that the 

cellular immune responses are initiated by direct interaction of naive T cells with 

LCs in nasal mucosa.120  

 

6.5. LCs in nasal mucosal glands 

      Glandular and cystic type of polyps make up 52% of all the nasal 

polyps.108 The glands of nasal polyps differ markedly from normal nasal 

glands.121 In normal nasal mucosa the glands are small, branched, tubuloalveolar 

and are evenly distributed. In nasal polyps they are long, tubular of variable sizes 

and are unevenly distributed.121  There are reports of higher density of glands in 

https://paperpile.com/c/n84tb7/2Cx7Q
https://paperpile.com/c/n84tb7/3vbuM
https://paperpile.com/c/n84tb7/07p1X
https://paperpile.com/c/n84tb7/7AyMt
https://paperpile.com/c/n84tb7/cMTQU
https://paperpile.com/c/n84tb7/V97sZ
https://paperpile.com/c/n84tb7/V97sZ
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patients with chronic sinusitis.112 The major factor contributing to the growth of 

the oedematous type of polyp is accumulation of exudate from vessels due to 

increased vascular permeability. Additionally,  dilatation of the cyst plays an 

additional important role in the growth of the glandular and cystic types of 

polyp.108 In the present study, both  ZIO positive and CD1a positive LCs were 

seen on the walls as well as surrounding the glands of both controls and cases. 

Cystically dilated glands filled with secretory material were seen in nasal polyp 

and their walls were studded with ZIO positive and CD1a positive LCs. They 

were also seen in the secretory material within the lumen. Aggregates of T 

lymphocytes and HLA-DR positive cells were found adjacent to deeper 

glands.109 These LCs may present antigens to the lymphocytes around the 

seromucous glands. 

 

6.6. Vascular LCs in nasal mucosa 

Cauna et al. in his study reported that the vascularity of polyps is sparse 

compared with normal nasal mucosa.122 Yet, in a case of allergic fungal sinusitis 

with polyps, many  blood vessels were noted in the present study. Vascular 

dendritic cells in the arterial intima were identified with anti-CD1a and S-

100.123,124 They were located at regular intervals along the subendothelial layer, 

and were often in close contact with endothelial cells.125 In the atherosclerotic 

plaques, vascular dendritic cells were seen in contact with T-cells,126 Rabi et al. 

reported ZIO positive LCs surrounding the intraepithelial capillaries in the 

human cervix.67 The close association of LCs with capillaries has been 
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demonstrated ultra-structurally in human uterine tubes.127 In the present study, 

ZIO positive and CD1a positive LCs were seen surrounding the blood vessels 

including the capillaries. They could be considered as maturing dendritic cells 

that modify their morphology and present antigens to lymphocytes in the blood 

vessels. The findings in the present study suggest possible antigen presentation 

by the LCs which happens not only in lymphatic tissue but also in blood vessels. 

 

6.7. LCs in fungal nasal polyps 

      Among the possible aetiologies of nasal polyp, fungi have gained wide 

attention in recent years.3 Fungal nasal polyp is considered to be eosinophil 

dominated inflammation.128 Fungal particles are present in sinonasal mucosa of 

healthy subjects also but they act as antigens in mucosa of sensitized 

individuals.These particles result in recruitment of inflammatory cells like 

eosinophils and release of major basic protein which eventually causes mucosal 

damage. This damage provides a route for superinfection by migration of other 

inflammatory cells into that location. Aspergillus and Alternaria are the 

commonest fungi species implicated in the pathogenesis of nasal polyposis.6 In 

cases of fungal nasal polyp also, both types of LCs were seen in the epithelium 

and lamina propria. Many LCs were seen along the wall of the blood vessels and 

on the walls of the glands.  In the lamina propria, ZIO positive LCs were seen 

aggregated in the subepithelium. 
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6.8. LCs in nasal mucosa of Kartagener’s syndrome 

The causes of non-eosinophil dominated nasal polyp include cystic 

fibrosis and Kartagener’s syndrome (primary ciliary dyskinesia).110 Nasal 

mucosa of patients with cystic fibrosis and Kartagener's syndrome are often 

colonized with Pseudomonas aeruginosa, therefore the occurrence of nasal 

polyps appeared to have some degree of correlation to this colonization.129 In the 

present study, in cases of Kartagener’s syndrome, both types of LCs were seen 

in the epithelium. Moderate amount of LCs were seen in both the epithelium and  

lamina propria. Cystically dilated glands were seen in the lamina propria 

with the LCs adherent along its walls in these cases.  

 

6.9. Morphology of LCs in nasal mucosa 

      In the current study, among both the controls as well as cases, the typical 

LCs with dendritic processes were noted in both epithelium and lamina propria. 

In a case of spheno choanal polyp (Figure 5.1.18), aggregates of non-dendritic 

LCs were present in the subepithelium,  probably a precursor of dendritic cell. 

Shortman et al. in his study divided the dendritic cells into conventional dendritic 

cells and precursors of dendritic cells. The precursor dendritic cells are the cells 

without immediate dendritic form and function, but with a capacity to develop 

into dendritic cells when an inflammatory or microbial stimulus occurs.130   

In the present study, other than the typical dendritic LCs, large polygonal 

non-dendritic type of LCs were noted in both ZIO and CD1a staining methods 

in the epithelium, lamina propria and among seromucous glands. These cells 
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could be a different subtype of LCs or accessory ng cells. Moreover, in the 

present study, LCs in the nasal mucosa were demonstrated by both ZIO 

technique and immunohistochemistry with CD1a antibody. It was noted that the 

distribution of both ZIO positive and CD1a positive LCs were not the same 

suggesting that both are different subsets of LCs. Yet, they  could belong to the 

same lineage of ng cells. It has been reported that different members of dendritic 

cell population were observed in nasal mucosa.93 

  

6.10. Eosinophils in nasal polyps    

The categorization of nasal polyps as eosinophilic, noneosinophilic, and 

neutrophilic can be important in differentiating potential aetiologies and 

evaluating potential to respond to treatment. Eosinophilic conditions are 

considered more steroid responsive than non-eosinophilic nasal polyps.3 

Epithelial cells play a role in inflammatory response through the release 

of mediators that may either exert a direct effect on the airways or influence the 

activity of other cells such as eosinophils.  For example, GM-CSF produced from 

nasal epithelial cells induce eosinophil infiltration into the nasal mucosa of 

patients with chronic rhinosinusitis thereby increasing eosinophil viability.59 

Eosinophils release major basic protein, a granular protein that is capable 

of increasing net sodium flux across the apical surface of the epithelium in nasal 

polyps.  It results in increased water absorption and leads to the development of 

oedema, a major histopathological feature of polyposis. RANTES and eotaxin 
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are two chemokines known to be present in all nasal polyps leading to the 

migration of eosinophils into the lamina propria.131,48 

The present study reveals that eosinophils were present both in the lamina 

propria and epithelium. The lamina propria demonstrated infiltration of 

inflammatory cells such as lymphocytes, neutrophils, histiocytes, mast cells and 

plasma cells in addition to eosinophils. Eosinophils were usually localized 

around the vessels, glands and immediately beneath the mucosal epithelium.108 

In the present study also, eosinophils were seen surrounding the glands and blood 

vessels. Eosinophils and lymphocytes showed similar distribution and were 

scattered throughout the connective tissue of the lamina propria, with higher 

concentration in the subepithelium. The eosinophilic accumulation in the polyp 

stroma is basically caused by increased transendothelial migration and increased 

survival time in the tissue, facilitated by an increased concentration of  IL-5.33  

Accumulation of activated eosinophils in the lamina propria leads to the 

release of a wide array of cytokines, basic granule-derived proteins and lipid 

mediators. Transforming Growth Factor (TGF) also plays a central role in the 

pathogenesis of chronic inflammation and fibrosis. Thus, eosinophils may 

contribute to nasal polyp formation and growth by inducing inflammation and 

stimulating collagen synthesis in the extracellular matrix.7 

The present study also reports intraepithelial eosinophils in cases of 

chronic rhinosinusitis with polyposis.  Intraepithelial eosinophils has been 

previously reported in oesophagitis, where the oesophagus is lined by stratified 

squamous epithelium.132,133 Mondal et al. in their study have shown the presence 
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of eosinophils within the epithelium of nasal polyps.134 This study  identified 

eosinophils in all the layers of the stratified epithelium of respiratory mucosa.   

Huang et al. in his study in the allergen sensitized intestinal lumen of mice 

reported that the intra epithelial eosinophils were phenotypically distinguished 

from eosinophils in the lamina propria by increased expressions of Siglec F, 

CD11b and CD11c, and with low to no detectable surface MHC II.135 

Beeken et al. in his study has reported the migration of eosinophils across 

the basement membrane in gut mucosa.136 McAlindon et al. reported 

inflammatory infiltrates like neutrophils, macrophages, eosinophils and T cells 

in the lamina propria were capable of mediating antimicrobial activity in 

intestinal mucosa. Due to the continued migration of cells via pores in basement 

membrane there could be considerable damage, impairing the capacity of the 

epithelial cells to restore the damage.117 But, Mahida et al. suggested that 

migration occurring via tunnels in the extracellular matrix end in discrete pores 

at the basement membrane and probably are important channels for host defence 

elicited following injury and loss of epithelial cells.137  

In the present study, eosinophils were also seen in the allergic mucin in 

cases of allergic fungal rhinosinusitis with polyps. Charcot Leyden crystals were 

seen within the allergic mucin, representing breakdown products of eosinophils. 

Kupferberg et al. reported that eosinophilic mucus had Charcot-Leyden crystals 

and the sinus contents stained  positive for fungal strains.138 Recent studies 

focusing on the preservation of mucus revealed eosinophils in the tissue and also 

forming clusters in the mucus. This mucus was termed eosinophilic mucus.139,140 
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Eosinophils cluster around the fungi and degranulate when in contact with the 

fungi, releasing toxic proteins such as major basic protein and thus destroying 

fungi as well as causing collateral damage to the respiratory epithelium.3 

      Significant differences were also found in the distribution of eosinophils 

in specimens of patients with chronic rhinosinusitis with polyps and patients 

without polyps.111 In the present study, there was a significant increase in the 

distribution of eosinophils in cases of nasal polyps when compared with the 

controls. 

      The present study excluded an outlier, a case of chronic rhinosinusitis with 

bilateral sinonasal polyposis, which revealed an extremely high number of 

eosinophils in the nasal mucosa (333/mm2). The high number of eosinophils 

could be associated with extensive sinus disease, high postoperative symptom 

score and a higher polyp recurrence rate, all of which indicate the severity of the 

disease. The tissue eosinophilia status could also provide information regarding 

disease severity and treatment outcomes.141 

In summary, in this study the ZIO and CD1a positive cells have been 

demonstrated in the nasal mucosa of both controls and cases of nasal polyps. LCs 

were significantly elevated in nasal polyp tissue. The results of this study support 

the concept that ZIO positive LCs and CD1a positive LCs are two 

immunologically distinct subgroups of dendritic cells, on the basis of 

dissimilarity in morphology of LCs.  The distribution of eosinophils were also 

significantly elevated in nasal polyps. Extensive research in the field of non- 
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dendritic LCs and their functions remains an unsolved question which augments 

the need for further in vivo studies. 

Overall, many dendritic cell vaccines have been tested and have proven 

their immunogenic function. The local dendritic cells were involved in the 

immunological processes in reducing allergic symptoms after 

immunotherapy.142 There is a lot of ground for optimism in terms of oral and 

nasal immunotherapy in the treatment of nasal polyps using DC vaccines.   

This study envisions an empirical groundwork for subsequent advances 

in large patient cohorts of various immune related pathologies. Facilitating 

improved patient stratification, identification of novel biomarkers in order to 

administer precise immunotherapy that is less harmful and more efficient in the 

near future. 
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CONCLUSIONS 

• Two types of LCs, the ZIO positive LCs and CD1a positive LCs were 

identified in surface epithelium (respiratory epithelium/stratified 

cuboidal/ squamous metaplasia) of controls and cases with nasal polyps.  

• The ZIO positive and CD1a positive LCs were confined to all the layers 

of the epithelium and the lamina propria of nasal mucosa of controls and 

cases. 

• There were both typical dendritic and non-dendritic type of ZIO positive 

and CD1a positive LCs. 

• The vascular LCs were seen forming aggregations around the blood 

vessels and also within them. 

• The LCs were either lining the seromucous glands or interspersed 

between them and were seen studded along the cystic walls in certain 

cases.  

• The LCs were present in the allergic mucin in cases of allergic fungal 

rhinosinusitis with nasal polyps.  

• The LCs were present in the sub epithelial lymphatic aggregations and in 

close association with the lymphocytes. 

• Migration of LCs  across the basement membrane was noted. 

• On comparing the distribution of ZIO positive and CD1a positive LCs 

across controls and cases, it showed that the median score was 

significantly higher in cases. 
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• On comparing the distribution of eosinophils across controls and cases, 

there was a significantly higher number of eosinophils  in cases. 

• Intraepithelial eosinophils were seen in cases of chronic rhinosinusitis 

with nasal polyps.  

• Eosinophils and Charcot-Leyden crystals were present in the allergic 

mucin of cases having allergic fungal rhinosinusitis with nasal polyps. 
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LIMITATION 

Though the study conforms to the determined sample size, the standard 

deviation was high and thus warrants for an increase in sample size. 

HIGHLIGHTS  

1.    ZIO positive LCs were identified in the nasal mucosa for the first time. 

2.    LCs were present along the cyst wall and within their secretory material 

in cases of nasal polyps. 

3. Intraepithelial eosinophils were noted in the nasal mucosa of nasal polyps. 
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FUTURE SCOPE 

• This study can be extended with increased number of sample size. 

• The association of ZIO positive and CD1a positive LCs with  the  

T-helper or cytotoxic lymphocytes can be studied using double 

immunohistochemical technique. 

• In view of the identification of non-dendritic type of LCs an electron 

microscopic study is warranted to describe the ultrastructural features of 

these LCs.  

• The immune responses of the respiratory mucosa against microbiota and 

pathogens are poorly understood. Hence, flow cytometric studies can be 

employed to distinguish the phenotypic and functional aspects of different 

dendritic cell subsets in nasal mucosa. 

• Quantification of intraepithelial eosinophils has to be done. 

• The tissue eosinophils can be correlated with history regarding allergy 

provocation, IgE tests, peripheral blood eosinophilia and radiological 

findings in cases of sinonasal polyps from patients. 
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Informed	Consent	Form	
	
Study	Title:	Morphology	and	distribution	of	Langerhans	cells	in	normal	nasal	mucosa	and	nasal	

polyps.	

Study	Number:	____________	

Subject’s	Initials:	__________________	Subject’s	Name:	_________________________________________	

Date	of	Birth	/	Age:	___________________________	

	
(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	(delete	as	appropriate),	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:		
	
Signature	of	the	Investigator:	________________________	
	
Date:	_____/_____/______	
	
Study	Investigator’s	Name:	Dr.	J.	Rachel	
	
	
Signature	or	thumb	impression	of	the	Witness:	___________________________	
	
Date:	_____/_____/_______	
	
Name	&	Address	of	the	Witness:	_____________________________	
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A	study	of	the	structure	and	distribution	of	Langerhans	cells	in	
normal	nasal	mucosa	and	nasal	polyps.	

Christian	Medical	College,	Vellore	
Department	of	Anatomy	

Patient	Information	sheet	
I	would	kindly	request	your	participation	in	this	study,	which	is	being	carried	out	in	the	
departments	of	Anatomy,	ENT.		We	are	studying	the	structure	and	distribution	of	one	
particular	cell	(Langerhans	cell)	which	plays	an	important	role	in	our	body’s	immune	
function.		A	small	bit	of	the	biopsy	specimen	from	the	nasal	mucosa	and	nasal	polyp	will	
be	taken	and	studied;	the	data	collected	from	our	study	will	be	analysed	for	the	
association	of	our	body’s	immune	mechanism	to	the	development	of	polyps	or	its	
prevention.	
Your	participation	in	this	study	includes	giving	consent	for	
a)	A	small	bit	of	the	biopsy	sample	to	be	taken	for	our	research	
b)	Access	to	your	hospital	records	 	
Your	participation	in	this	study	will	not	
a)	Affect	the	treatment	plan	by	your	doctors	
b)	Cause	any	additional	risks	or	complication	
We	 ensure	 that	 your	 details	 including	 personal	 data	 will	 be	 kept	 highly	
confidential.	
Participation	in	this	study	is	purely	voluntary,	and	your	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:	
								1.				Dr.J.	Rachel,	
															Department	of	Anatomy,		
															Christian	Medical	College,	
															Vellore	-	632002	
															Mobile	no:+918015241431	
															Dept.	no:+914162284245	
	
							2.				Dr.	Zhoremsangi,	
														Department	of	ENT,	
														Christian	Medical	College,	Vellore	–	632004	
														Mobile	no:	+919626590503	
														Dept.	no:	:+914162283485	
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Proforma for CD1a positive LC’s in nasal polyps

Each field = 50000 mm
2

Date: Date: Date:

Sample No. Sample No. Sample No.

Hospital No. Hospital No. Hospital No.

Field No. No. of LC’s Field No. No. of LC’s Field No. No. of LC’s

1 1 1

2 2 2

3 3 3

4 4 4

5 5 5

6 6 6

7 7 7

8 8 8

9 9 9

10 10 10

11 11 11

12 12 12

13 13 13

14 14 14

15 15 15

16 16 16

17 17 17

18 18 18

19 19 19

20 20 20

Total in 1 mm
2

Total in 1 mm
2

Total in 1 mm
2
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Proforma for ZIO positive LC’s in nasal polyps 

Each field = 50000 mm
2

 

 

Date: Date: Date: 

Sample No. Sample No. Sample No. 

Hospital No. Hospital No. Hospital No. 

Field No. No. of LC’s Field No. No. of LC’s Field No. No. of LC’s 

1  1  1  

2  2  2  

3  3  3  

4  4  4  

5  5  5  

6  6  6  

7  7  7  

8  8  8  

9  9  9  

10  10  10  

11  11  11  

12  12  12  

13  13  13  

14  14  14  

15  15  15  

16  16  16  

17  17  17  

18  18  18  

19  19  19  

20  20  20  

Total in 1 mm
2

  Total in 1 mm
2

  Total in 1 mm
2
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Proforma for Eosinophil count in normal nasal mucosa and nasal polyps.

                                                           Each field = 50000 m2

Date: Date: Date:

Sample No. Sample No. Sample No.

Hospital No. Hospital No. Hospital No.

Field No. No. of 

eosinophils

Field No. No. of 

eosinophils

Field No. No. of 

eosinophils

1. 1. 1.

2. 2. 2.

3. 3. 3.

4. 4. 4.

5. 5. 5.

6. 6. 6.

7. 7. 7.

8. 8. 8.

9. 9. 9.

10. 10. 10.

11. 11. 11.

12. 12. 12.

13. 13. 13.

14. 14. 14.

15. 15. 15.

16. 16. 16.

17. 17. 17.

18. 18. 18.

19. 19. 19.

20. 20. 20.

Total in 

1mm2

Total in 

1mm2

Total in 

1mm2


