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DEFINITIONS 

Rhinosinusitis is defined as inflammation of the nose and the paranasal sinuses characterised by 

two or more symptoms, one of which should be either nasal blockage/obstruction/congestion or 

nasal discharge (anterior/posterior nasal drip), +/- facial pain/pressure, +/- reduction or loss of 

smell; and either endoscopic signs of polyps and/or mucopurulent discharge primarily from middle 

meatus and/or; oedema/mucosal obstruction primarily in middle meatus, and/or CT changes 

showing mucosal changes within the ostiomeatal complex and/or sinuses.  

Chronic Rhinosinusitis is defined as rhinosinusitis with persistence of symptoms after 12 weeks. It 

is an umbrella term for the heterogeneous group of chronic sinus diseases with different 

histopathologic, remodeling and inflammatory patterns. Chronic rhinosinusitis without nasal polyps 

(CRSsNP) and chronic rhinosinusitis with nasal polyps (CRSwNP) represent the 2 major clinical 

entities, with different phenotypes and different pathophysiology. Endotypes exist within the 

CRSwNP group, according to disease severity and co-morbidities. 

Autoreactivity: reactivity of cells towards self-antigens, leading to autoimmune diseases or without 

developing any illness.  

Auto-immunity: Loss of tolerance to self-antigens with clinical manifestation. 

Nasal hyper-reactivity is an increased sensitivity of the nasal mucosa to various nonspecific stimuli. 

Nasal hyperreactivity is the capacity of the nasal mucosa to respond with clinical symptoms and 

inflammation to unspecific stimuli, which are not causing any mucosal reaction in normal subjects. 



 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Endotype: a subtype of a disease condition, which is defined by a distinct pathophysiological 

mechanism.  

Phenotype: observable characteristic of a disease without any implication of a mechanism. 



 

 11 

 
 
 
 
 
 
 
 
 

CHAPTER 1 
GENERAL INTRODUCTION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                  



 

 12 

CHRONIC RHINOSINUSITIS WITH NASAL POLYPS 

 

1. Definition 

Rhinosinusitis is a heterogeneous group of diseases characterized by inflammation of the 

mucosa of the nasal and paranasal cavities. When inflammation and symptoms persist longer 

than 12 weeks the disease is termed ‘chronic rhinosinusitis’ (CRS) (1).  

This disease entity is subdivided into two major subgroups based on the presence of nasal 

polyps as assessed by endoscopy: CRS with nasal polyps (CRSwNP) and CRS without nasal 

polyps (CRSsNP). The difference between these categories is important, not only because the 

clinical presentation differs, but also histopathology, the underlying inflammation, prognosis, 

comorbidities and treatment modalities (2-4).  

Figure 1 illustrates local inflammation in CRS very briefly. However, for more information on 

inflammation in the nasal mucosa for the different disease entities, we refer to Chapter 2 and 

Chapter 3.  

 

Figure 1: Local inflammation in CRS. The most important cells and cytokines are depicted for CRSwNP and CRSsNP 

 
 

CRSwNP

TH2
Eosinophils

IL-4 / IL-5 / IL-9 / IL-13

CRSsNP

TH1
Neutrophils

IFN-γ / TNF-β / IL-2



 

 13 

In this work we focus on the inflammation in chronic sinusitis with nasal polyps.  

Chronic rhinosinusitis with nasal polyps (CRSwNP) is present in approximately 4% of the 

population (5), although the reported prevalence varies between 2,7% (6) and 42% (7, 8). This 

variance is probably based on the method of detection, as endoscopic examination is 

necessary for diagnosis. Prevalence increases with age, and nasal polyps occur more 

frequently in men (5, 6, 9, 10). The cause of nasal polyps is not fully understood, but is most 

likely multifactorial, with contribution of genetic (11) and infectious factors. Development of 

nasal polyps has frequently been linked to Staphylococcal colonization and its enterotoxins 

(12). Furthermore, a role of autoreactive antibodies has been suggested (13). In chapter 5 we 

examine whether autoreactive antibodies play a role in CRSwNP. The prevalence of allergy in 

the nasal polyp population has been reported to vary between 10% and 54% (1), although 

there is no clear relationship (14, 15). In both disease entities eosinophilic inflammation with 

elevated IgE levels is found, yet the IgE repertoire differs. In brief, monoclonal IgE directed to 

a specific exogenous antigen is found in in allergic rhinitis, whereas in CRSwNP IgE is 

polyclonal. In Chapter 3 you will find an in-depth review of local IgE in the nasal mucosa. 

Importantly, CRSwNP is frequently associated  with asthma, and nasal polyps are found in 

about 7% of asthmatic patients with a higher incidence in non-atopic astmatics (13%) (16). 

Inversely, the incidence of asthma in CRSwNP has been reported to vary between 20% and 

70% (7, 10, 17). Although mechanisms of interrelationship are not fully understood (18), it 

appears that the same inflammatory pattern is found in the upper and lower airways, and 

additionally, the development of asthma in CRSwNP-patients could be predicted by the 

presence of high IL-5 and Staphylococcus aureus (S. aureus)-specific IgE in nasal polyp tissue 

(17). Samter’s triad or APA syndrome is a clinical entity when CRSwNP is associated with both 

asthma and aspirin sensitivity. About 15% of nasal polyp patients are sensitized to aspirin (1). 

Samter’s triad represents the most severe form of airway inflammation within the group of 

patients with nasal polyps, which is reflected by frequent recurrences and many surgical 

interventions (19, 20). Again, S. aureus-specific IgE is found in the majority of aspirin-intolerant 

CRSwNP-patients (21). 
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2. Diagnosis 

 

As the definition described in the EPOS implies, diagnosis of CRS is based on symptoms 

and confirmed by endoscopy or CT scan (1).  

 

Figure 2: Clinical definition of chronic rhinosinusitis according to EPOS guidelines (1) 

 

The primary symptoms are olfactory dysfunction, nose obstruction and nasal secretions, but 

patients may also complain of post-nasal drip, facial pain, headache, sleep disturbance and 

diminished quality of life. Whereas for CRSsNP facial pain and nasal congestion are the 

predominant symptoms, CRSwNP rarely causes facial pain despite the fact that most of the 

sinuses are opacified (22). 

≥ 2 symptoms:

- Nasal obstruction

- Nasal discharge
(anterior/posterior)

- Facial pain/pressure

- Reduction or loss of smell

Endoscopic signs

Nasal polyps and/or

Mucopurulent discharge primarily from
the middle meatus and/or

Oedema/mucosal obstruction primarily in 
the middle meatus

CT changes: 

mucosal changes within the ostiomeatal complex 
and/or sinuses

AND/
OR

Duration of symptoms: 

< 12 weeks with complete resolution of symptoms à Acute Rhinosinusitis

≥ 12 weeks without complete resolution of symptoms à Chronic Rhinosinusitis
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Examination by nasal endoscopy is crucial for diagnosis of CRSwNP. Visualization of nasal 

polyps differentiates CRSwNP from other nasal diseases. The size of nasal polyps at both 

sides is categorized into three (23) or four (24) categories.  

Table 1: Endoscopic grading system for CRSwNP (23, 24) 

 

The total endoscopic polyp score is the sum of both sides.  Furthermore signs of infection, 

namely mucopurulent discharge and edema or mucosal obstruction, are visualized.  

Computed tomography scanning is necessary to further evaluate paranasal sinuses. This 

modality displays differences between air, bone and soft tissue and structures are not 

superimposed. Therefore it is superior to plain x-ray to evaluate sinuses. Imaging is necessary 

to establish the extent of pathology. The Lund-Mackay scoring system provides a good 

classification for disease severity (25). Secondly, CT is mandatory to evaluate nasal anatomy 

pre-operatively. Furthermore, in case of revision surgery, image-guided surgery could reduce 

complications. 

DAVOS GRADING

0 No polyps

1 Polyps only in the middle
meatus

2 Polyps beyond the middle
meatus but no complete 
obstruction

3 Polyps completely
obstructing the nasal
cavity

MODIFIED DAVOS GRADING

0 No polyps

1 Polyps in the middle meatus 
not reaching below the inferior
border of the middle turbinate

2 Polyps in the middle meatus 
reaching below the inferior
border of the middle turbinate

3 Polyps reaching the inferior
border of the inferior turbinate
or polyps medial to the middle
turbinate

4 Polyps completely obstructing
the inferior meatus
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Table 2: Lund-Mackay CT scoring system for CRS (25) 

  

Treatment 

The primary goal of the treatment is to relief symptoms and to maintain clinical control. 

Management schemes for CRS are published by EPOS to guide ENT-specialists. Figure 3 

shows the guidelines for CRSwNP as published by EPOS (1). 

 

Figure 3: Management scheme for CRSwNP in adults for ENT-specialists as published by EPOS (1). 

Lund-Mackay CT scoring system

Maxillary 0 1 2 
Anterior ethmoid 0 1 2 
Posterior ethmoid 0 1 2 
Sphenoid 0 1 2 
Frontal sinus 0 1 2 
Ostiomeatal Complex * 0 2 

Total score:

1= no abnormalities; 2= partial opacification; 3= total opacification
* 0= not occluded; 2= occluded
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Nasal saline irrigation and topical steroid sprays are always prescribed in CRSwNP, 

irrespective of severity. The main profit of nasal irrigation is the reduction of nasal discharge 

and edema early post-operatively (26) or the removal of crusting.   

Intranasal steroid treatment has a proven beneficial effect on nasal symptoms, polyp size, 

polyp recurrence and nasal obstruction (1). The therapeutic effect is superior after prior 

removal of nasal polyps. The most common side effects are epistaxis and nasal irritation. 

Steroid drops and doxycycline can be added in moderate severe symptomatology or mucosal 

alterations. The clinical effect of steroid drops is superior to steroid spray (27). 

Antibiotics are commonly prescribed to treat nasal polyps considering the role of S. aureus on 

maintenance of inflammation and disease progression. Furthermore, certain antibiotics are 

anti-inflammatory independent from their antimicrobial effect. Systemic doxycycline treatment 

for 3 weeks reduces polyp size and post-nasal discharge in CRSwNP (24). The clinical benefit 

of long-term treatment with antibiotics is not fully investigated to date. Few open studies have 

shown some effect on polyp size and patient symptoms. The effect seems to be moderate but 

may be more long lasting than systemic steroids (1). There is low evidence for the efficacy of 

locally applied antibiotics, for example by means of spray or ointment in the nose (1). 

In severe cases, it is advised to add a short course of oral steroids. Oral steroids potently 

improve nasal polyp size and symptoms, although the effect is short-lived. Even though 

CRSwNP is a chronic disease; a long-term treatment with oral steroids is discouraged because 

of the severe side effects, including early cataract, weight gain, catabolism of muscle tissue, 

an impact on glucose tolerance, bone mineral density and suppression of the pituitary-

hypothalamic axis (24). A great advantage of topical steroids over systemic steroids is that the 

beneficial effect is not accompanied by the detrimental effect of systemic steroids. 

The EPOS guidelines suggest to review patients who were given oral steroids after one month 

(1).  

Surgical removal of polyps and opening of the sinus ostia should be considered in patients 

who fail to improve after this maximal treatment. Functional Endoscopic Sinus Surgery (FESS) 

is a minimally invasive surgical technique with a more extensive reduction in polyp size as 
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compared to medical non-specific treatments (28). However, patients often require multiple 

surgical interventions. The recurrence rate of nasal polyps varies between 4% and 60% (29, 

30), prompting revision surgery in 4-27% of patients (29, 31). Predicting success of surgical 

treatment is important for both the surgeon and the patient. Recently it has been reported that 

the initial immune-profiles differ between recurrent and nonrecurrent polyps. Therefore, 

prognostic factors do not only include clinical features such as comorbid asthma or Samter’s 

triad, but also immune-profiling (3).  

Post-operative nasal care comprising saline irrigation and nasal steroids is advised, although 

instructions regarding  the post-operative prescription of oral steroids or long-term antibiotics 

are lacking. In Chapter 8 we evaluated the effect of post-operative doxycycline on the clinical 

outcome.  

Furthermore, the importance of monoclonal antibodies is yet not clear. Considering the local 

immune dysregulation in CRSwNP with elevated IL-5 levels and local production of IgE, 

monoclonal antibodies that inhibit these mediators are a potential therapeutic approach. 

Inhibition of IL-5 with for example reslizumab or mepolizumab, humanized anti-IL-5 monoclonal 

antibodies, is proven effective in severe eosinophilic nasal polyposis (32, 33). Indeed, IL-5 is 

the most important eosinophilopoietin, with a role in the production, recruitment, activation and 

survival of eosinophils. Secondly, it is a possibility to block the totally produced IgE by 

omalizumab (anti-IgE). Immunoglobulin E is thought to play a key role in pathogenesis and is 

related to disease severity. Clinical benefit is observed in a case report (34), and a randomised 

trial in a small cohort of CRSwNP patients (35). Finally, indirect blocking of IgE by antagonizing 

IL4 is a promising treatment (36). To date, monoclonal antibodies are not approved as 

treatment for CRSwNP. For more detailed information on TH2-directed treatments in CRSwNP 

we refer to chapter 3. 

To date, monoclonal antibodies are not approved as treatment for CRSwNP.  

Whether response to monoclonal antibodies can be predicted is a question of great value, as 

tailored treatments are gaining interest and could be an add-on treatment in the future. 
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Therefore, endotyping patients could improve management of CRSwNP, although no 

standardized method to assess the type of inflammation is available at present.  

In Chapter 7 we compare the effect of the medical treatment possibilities on inflammatory 

markers in CRSwNP. Furthermore, we discuss the effect of the different medical treatments 

on periostin, a marker of eosinophilic inflammation.  

 

Figure 4: Treatment modalities for CRSwNP and CRSsNP. Saline irrigations, intranasal steroids, oral steroids, antibiotics and 
surgery are treatment options included in the EPOS guidelines for CRSsNP and CRSwNP. In case of CRSwNP, monoclonal 
antibodies could be considered in the future; this treatment modality is yet not included in treatment guidelines to date.  

 

Conclusion 

Chronic sinusitis with nasal polyps can be considered as a severe subgroup of CRS. It is a 

therapeutic challenge, requiring a lifetime follow-up to control symptoms, to reduce upper 

respiratory infections and disease recurrences. 

Local inflammatory mediators differentiate chronic sinus diseases (37, 38), and moreover 

assess the risk of recurrence after surgery in the case of CRSwNP. Thus the inflammatory 

pattern could not only predict the development of co-morbidities, such as asthma and aspirin 

intolerance, but also recurrence after surgery. In this thesis we aim to further unravel the 

inflammation in CRSwNP and to assess the effect of medical and surgical treatment options 

on inflammation.  

Monoclonal
antibodies??

surgery

Oral corticosteroids/antibiotics

Saline nasal irrigations
Intranasal corticosteroids

Standard treatment 
CRSwNP/CRSsNP

Adjunctive treatment 
CRSwNP/CRSsNP

Failure of medical treatment for
CRSwNP/CRSsNP

Recurrent nasal polyps and
appropriate endotype
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PHYSIOLOGY 

1. Principles of innate and adaptive immune system 

 

1.1. Innate 

The innate immunity is the first line of defence against pathogens, but can be overcome by 

many pathogens. This system does not provide memory.  

1.1.1. Cellular  

The first component of the innate immune system is the barrier made up by epithelia. This can 

prevent the pathogens from establishing local infection. When the pathogen succeeds to 

breach the barrier there are cells and molecules available to destroy it. Cellular components 

of the innate system include dendritic cells (DC), Natural Killer Cells (NK), macrophages and 

granulocytes.  

The recognition of a pathogen can be achieved by pattern recognition receptors, including Toll-

like receptors (TLR) and NOD-like receptors (NLR). These receptors recognize the Pathogen 

Associated Molecular Patterns (PAMP) on pathogens. The cytokines produced by the above 

mentioned cells regulate the antigen-driven differentiation of the adaptive immune system [1, 

2].  

1.1.2. Humoral  

The humoral, or soluble, mediators of the innate system include antimicrobial peptides, 

mannose binding lectin, surfactant proteins, lysozyme, lactoferrin, acute phase reactants (C-

reactive protein) and the complement system [3]. The complement system is one of the major 

mechanisms for converting pathogen recognition into an effective host defence. It is a system 

of plasma proteins that can be activated by a pathogen or by a pathogen-bound antibody. 

There are three pathways of complement activation: the classical pathway, the mannose-
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binding lectin pathway and the alternative pathway [4]. When the innate immunity is inadequate 

it can still set the scene for the adaptive immunity. The disadvantage of complement activation 

is that it can be linked with development of autoantibodies  

 

1.2. Adaptive 

The adaptive immune system specifically recognizes pathogens specifically and prevents 

reinfection thanks to the memory. 

1.2.1. Cellular 

The adaptive immune system is based on clonal selection of lymphocytes bearing antigen-

specific receptors [1]. When a T-cell encounters a specific antigen in the secondary lymphoid 

tissue it proliferates and its progeny differentiates into effector cells with a subset that 

differentiates into memory cells. If the receptor is specific for a self-antigen, the T-cell is 

eliminated.  

T-cells and B-cells cooperate, the T helper (TH) cells enhancing the antibody-production by B-

cells. The cytokines produced by the innate system and activated T-cells drive the expansion, 

effector function and ultimately down regulation of the adaptive immune response [2]. 

1.2.2. Humoral  

The key cells in the humoral response are B-cells and plasma cells. These cells have as goal 

to produce immunoglobulins (Ig). 

To ensure the specificity of the adaptive immune system these receptors need to be highly 

diverse. B cells undergo antibody affinity maturation by three mechanisms to create this 

diversity. First there is ‘somatic recombination’, where the separate gene segments encoding 

the V-regions are brought together. This arrangement process is directed by the RAG-proteins 

(Recombination activated gene-proteins). Then different light- and heavy-chain variable 

amino-terminal (V)-regions are associated, so forming the antigen-binding site (Fab). The Fab 

determines specificity, but how can the different effector response to the same antigen at 

different times or under different circumstances be explained? This leads us to the 

phenomenon ‘isotype switching’. The isotype determines the immunological function and is 
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defined by the heavy-chain constant carboxy-terminal region (C)-regions. The same V-region 

can be expressed with different C-regions. Upon stimulation of the B-cell with an antigen 

‘somatic hypermutation (SHM)’ occurs. SHM is a pointmutation of the V-region, what modifies 

the coding sequences for this region. AID (activation induced cytidine deaminase), an 

exclusively B-cell specific protein, is involved in the initiation of all of these processes [5]. 

 

2. The components of the immune system 

A pluritpotent hematopoetic stem cell gives rise to different lymphoid and myeloid lineages that 

participate in the innate and adaptive immune responses. 

2.1. Myeloid lineage 

Granulocytes are further divided in neutrophils, basophils and eosinophils. They circulate in 

the blood and at time of infection or inflammation they are recruited and act as effector cells. 

Eosinophils are elevated in allergy and parasitic infections. The eosinophilopoïetins IL-3, IL-5 

and GM-CSF support their survival. As there is an autocrine secretion, eosinophils can 

proliferate and survive without help of other cytokine-producing cells. Hence controlling the 

growth of eosinophils is very important, what is attributed to tissue growth factor β (TGFβ). 

This endogenous downregulator also inhibits T-cells and monocytes [6]. Eotaxin promotes the 

migration of eosinophils to the tissues by means of adhesion receptors and chemokines [7]. 

The cytokine GM-CSF plays a role in the accumulation of eosinophils. 

Basophils are important in allergic disease as they have the receptors on their surface that 

bind IgE, just like the mast cells. Neutrophils are essential in the defence against bacterial 

infections.  

Macrophages, which originate from monocytes, and mast cells complete their differentiation at 

the tissue where they act as effector cells and initiate inflammation. Mast cells also have a role 

in defence against parasite infection and in allergic disease. 
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2.2. Lymphoid lineage 

2.2.1. Lymphocytes  

The lymphocytes are important in the innate and adaptive immune system. There are two 

major types that mature in the primary lymphoid organs: B-lymphocytes (which originate from 

the bone marrow) and T-lymphocytes (that arise from the thymus). When mature, they bear 

antigen-specific receptors and they recirculate from the blood through the secondary lymphoid 

organs and again to the blood through the lymphatic vessels. Adaptive immune responses are 

initiated in the secondary lymphatic tissues: T-cells encounter antigens, proliferate and 

differentiate into antigen-specific cells, while B-cells proliferate, with T-cell help, into antibody 

secreting cells. NK are a third type of lymphocytes that are a part of the innate immune system. 

They recognize changes in the MHC-I and are activated by interferons.  

2.2.2. B- lymphocytes 

B-lymphocytes govern the humoral adaptive immune response. Their function consists of 

producing antibodies, performing a role as APC and developing memory B-cells. They are 

produced in the bone marrow, where they undergo positive and negative selection, meaning 

they should bind to their ligand, but B-cells that strongly bind ‘self’-antigens are eliminated. 

Mature naïve B-cells become activated after they encounter T cells specific for an incoming 

antigen (Figure 1). Then the B cell may differentiate into a short-lived plasma cell, or migrate 

intra-follicular, proliferate and form germinal centres. B cells in the germinal centre undergo 

antibody affinity maturation, by means of somatic hypermutation and isotype switching (see 

1.2.2). Isotype-switched B cells then become either memory B cells or long-lived plasma cells. 

In general signals from T helper cells are mandatory for isoptype switching, although in 

response to some pathogens B-cells can produce immunoglobulins without T-cell-help. The 

differentiation of B cells into plasma cells is directed by B cell-activating factor of the TNF-

family (BAFF) and B-lymphocyte induced maturation protein (BLIMP). Importantly, an excess 

of BAFF is associated with autoimmune disorders [8]. 
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Figure 5:  Antigen binding by the BCR. Conventional antigens (red) are recognized by the variable regions of the 
H- and L- variable chains of the BCR (green) 

 

2.2.3. T-lymphocytes 

T-cells and their cytokines coordinate the cell-mediated immune response. They ensure the 

balance between the humoral and cell-mediated pathways while providing a negative feedback 

control to maintain self-tolerance. Activation of T-cells by an antigen occurs via TCR and the 

costimulatory molecule CD28, what leads to production of IL-4 and IL-10 for a better T-cell/B-

cell interaction [5]. 

In the T-cell areas the first contact between T- and B-cells occurs. Then the B-cell migrates 

extra-follicular to become a plasma cell or intrafollicular to form GC (see previously). The 

second T-cell/B-cell interaction is within the germinal centre.  

T-lymphocytes can be CD3+CD4+ or CD3+CD8+. These molecules are used for 

immunophenotyping and are cell surface molecules on white blood cells. They function as a 

receptor or ligand altering the behaviour of a cell or acting as an adhesion molecule.  

2.2.3.1. CD8+ T-cells 

CD8+ T-cells are also called cytotoxic T cells. They are induced when a cell is infected by a 

pathogen. CD8+ T-cells recognize MHC-I molecules found on the surface of infected cells. 

Their role is to eliminate these cells.  
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2.2.3.2. CD4+ T-cells 

CD4+ T-cells are called T helper (TH) cells. CD4+ cells recognize MHC-II molecules, which are 

found on the surface of antigen-presenting cells (B-cells, macrophages and dendritic cells) 

(figure 2) and display peptides coming from endosomes. Under adequate co-stimulation this 

results in clonal selection, proliferation and differentiation of CD4+ T-cells with subsequently 

activation of other effector cells, such as macrophages and B-cells. The B-cells differentiate to 

plasma cells or germinal centre cells under the control of TH cells. The germinal centre B-cells 

can then further develop to the memory B-cell compartment [1].  

 

Figure 6. Conventional antigens: T-cells recognize the AG bound to MHCII molecule. The antigen (red) is presented 
by the APC in the peptide-binding groove (green) and is then recognized by the TCR (blue)  

 

When stimulated with an antigen, CD4+ T-cells differentiate into different subsets in follicular 

regions [1, 9], with different cytokine pattern and distinct cellular function in vivo [1]. The most 

important ones being T helper 1 (TH1), T helper 2 (TH2), T helper 17 (TH17), regulatory T (Treg) 

and T follicular helper (TFH) cells (figure 3).  
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Figure 7. When stimulated with an antigen, naïve CD4+ T-cells differentiate into cells with a certain cytokine pattern 
and cellular function in vivo 

2.2.3.2.1. TH1 cells  

These cells activate cellular immunity mostly against intracellular pathogens [1, 2]. Bacterial 

or viral products ligate TLRs on APC. This drives the production of IL-12 by dendritic cells, 

which is a TH1 differentiation factor [10]. Tbet (T-box protein 21 = TBX 21) is the TH1 

transcription factor. This leads to the production of typical TH1 cytokines: IL-2, interferon γ 

(IFNγ) and tumor necrosis factor β (TNFβ). TH1 inflammation is dominated by neutrophils [7]. 

2.2.3.2.2. TH2 cells  

During the type-2 response TH2 cells are important for the production of key cytokines IL-4, IL-

5, IL-9, IL-13. These are essential for antibody class switching to IgE and IgG1, recruitment of 

inflammatory cells (eosinophils, basophils and mast cells) and goblet cell hyperplasia with 

subsequent mucus production. This response is important to fight parasitic infections, but this 

also promotes allergic disease and asthma. The TH2 subset transcription factors are GATA-3 
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(GATA binding Protein 3) and c-Maf [5]. In contrast to TH1 and TH17 inflammatory responses, 

TH2-skewed inflammation is dominated by eosinophils. 

2.2.3.3. TH17 cells  

TH17 is seen as an immediate response to extracellular bacteria and fungi [1]. RORγt (RAR-

related orphan receptor gamma) is the transcription factor of TH17 cells, whose expression can 

be controlled by interferon regulatory factor 4 (IRF-4) and IRF-4 binding protein [1]. IL-17 and 

IL-21 are important TH17 cytokines. 

Dysregulation of the TH17 subset and its cytokines can cause chronic inflammatory disease 

and autoimmune pathology.  

2.2.3.4. T follicular helper cells: TFH-cells 

The TFH-cells are involved in the germinal center (GC) formation and function [1], where 

appropriate antibody specificity is created. The differentiation of TFH-cells requires the 

transcription factor Bcl6 (B-cell CLL lymphoma-6) [11]. Bcl6 and Blimp1 (B-lymphocyte-

induced maturation protein 1) are mutual inhibitory cross-regulators that determinate the 

terminal B-cell differentiation. They regulate the expression of each other and correlate with 

the plasma cell and memory cell phenotype [2].  

It is worth mentioning Roquin, a molecule which prevents activation and differentiation of self-

reactive TFH-cells [5]. It acts by limiting the expression of ICOS on T-cells [12]. 

2.2.3.5. Regulatory T cells: Treg cells 

These are suppressive cells and not effector cells such as the previously described cells. Other 

cells that can have an immunosuppressive function are the NK and CD8+ T cells [13]. 

Suppressive cells are important because the immune system needs to be tightly controlled.  

Two populations of Treg have been described: the naturally occurring Treg cells (nTreg cells) and 

the inducable Treg cells (iTreg cells). It is thought that nTreg cells develop in the thymus and can 

inhibit via cell-cell contact [14]. The iTreg cells on the other hand seem to differentiate from 

naïve T-cells after antigen presentation by a dendritic cell. The iTreg cells can suppress the 

immune system by secreting TGFβ1 and IL-10 [13].  
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FOXP3 (Forkhead box Protein P3) is the transcription factor of the regulatory T cells. It is a 

marker of both nTreg cells (natural Treg cells) and i Treg cells (induced Treg cells). 

Treg cells are important in controlling TH2 immune response. Lacking Treg cells is an important 

contributor in the development of allergy and asthma [14] but also of auto-immune diseases.  

2.2.4. Innate non-B/non-T cells  

Four types innate cells have been recently discovered in mice: nuocytes [15], innate helper 

type 2 (Ih2) cells [16], natural helper cells (NHC) [17] and multipotent progenitor cells (MPP 

type 2) [18]. These cells seem to be important for the initiation of type-2 inflammation. They do 

not express markers that would identify them as B- or T-cells, but they can respond to many 

of the same signals [10].  

2.2.5. TH cell plasticity 

The TH1/ TH2 paradigm postulates that TH1 and TH2 are alternate, non-overlapping cell-fates 

[1], antagonizing each other’s development. Many autoimmune disorders would result from 

aberrant TH1 responses, while atopic diseases are TH2-mediated. However, it is not longer 

thought of TH as terminally committed effector cells, and plasticity in the adaptation of effector 

profiles is now recognized. Both TH1 and TH2 immunoprofiles can coexist in the same disease, 

and the TH2-biased inflammation in atopic diseases does not protect against autoimmunity. 

Furthermore, the same autoantibodies of class IgG and IgE have been demonstrated in both 

atopic and autoimmune diseases. In this thesis, the presence of autoreactivity in the TH2-

predominant nasal polyps is further explored (chapter 5).   
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3. Cytokines  

 

3.1. Definition 

Cytokines are secreted proteins with growth, differentiation and activation functions. They can 

act in an autocrine, paracrine or endocrine mode. Several cytokine families are defined, 

including interferons (IFN) (Table 1), interleukins (IL) (Table 2), colony-stimulating factors 

(CSF) (Table 3), growth and differentiation factors (Table 4), tumor necrosis factors (TNF) 

(Table 5) and chemokines/histamine releasing factors.  

Importantly, the cytokines can be pro-inflammatory or anti-inflammatory [19]. Pro-inflammatory 

actions include: chemotaxis of inflammatory cells, activation of B-cells and T-cells, the release 

of histamine by basophils and the induction of the arachidonic acid metabolism. Anti-

inflammatory cytokines are produced by suppressive cells and are essential to limit the 

inflammatory response. 

The chemokine subfamily guides migration of cells. They are subdivided in the CXC and the 

CC subfamily [19]. 

 

3.2. Cytokines and the appropriate immune response  

The activation of an appropriate immune program to a specific antigen is orchestrated by 

secretion of specific cytokines. Subclasses of CD4+ T cells can be selected based on their 

cytokine repertoire.  

3.2.1.1. TH1 cytokines 

When bacterial or viral components activate the immune system by ligation of the TLR type-1 

immunity is promoted. The TH1-cell differentiation is well documented and initiated by IL-12, 

which is released by dendritic cells. This cytokine seems to be the link between the innate 

system and the adaptive immune response. 

TH1 cells secrete type-1 cytokines: IL-2, IFNγ and TNFβ (also known as lymphotoxin). Here 

IL-2 is critical for the initiation and cessation of the development of T-cells and B-cells [20]. 

The cytokines IFNγ and TNFβ also cause B-cell activation and they both display antiviral 
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activity. They stimulate MHC-I and -II expression and they promote chemotaxis and activation 

of phagocytes. TNFβ increases IL-6 and IL-8 production, which activate monocytes. IFNγ 

regulates IgE synthesis by inhibiting IL-4-mediated IgE secretion. Stimulation of macrophages 

by IFNγ, as well as by lipopolysaccharide (LPS), result in classically activated macrophages 

(M1). M1 release NO for killing intracellular pathogens. Importantly, macrophages are not 

terminally differentiated [21]. 

Other TH1 cytokines include TNFα, Macrophage activating factor (MAF), IL-12 and IL-18. The 

cytokines IFNγ and IL-12 can act in an autocrine way and can be inhibited by IL-10. 

3.2.1.2. TH2 cytokines 

The response on allergens or on parasites is TH2 dominated. It is suggested that TSLP, IL-25 

and IL-33 are type 2-inducing cytokines [22, 23]. A source of these cytokines is the epithelium 

[24, 25]. The target cells seem to be novel innate non-B/non-T populations, which a source of 

type-2 cytokines IL -5 and IL-13 [26]. 

Key TH2 cytokines are IL-4, IL-5, IL-9 and IL-13. IL-4 enhances TH2-cell generation and 

proliferation, is essential for IgE production and synergizes with IL-2, IL-5 and IL-6. On the 

other hand IL-4 downregulates IL-1, IL-6, TNFα and FcγR. So the IgE-class switch is enhanced 

by IL-4, IL-13, IL-2, IL-5 and IL-6 but inhibited by IFNγ and TNFβ. The TH2 cytokines IL-13, 

and to a lesser extend IL-4 would promote the alternatively activated anti-inflammatory M2 

phenotype of macrophages [21, 27]. Co-stimulatory proteins on B-cells (CD40 and MHC II) are 

upregulated by IL-4, just like MHC-I/-II and low-affnity IgE receptors on macrophages. IL-13 

inhibits TH1 cytokines, like IL-12.  

Eosinophils are important cells in the TH2 response as they eliminate parasites and can cause 

an allergic reaction. IL-5 is the most important eosinophilopoietin, next to IL-3 and GM-CSF. 

These cytokines potentiate B cell growth, differentiation and isotype switch. Eotaxin is a 

member of the CC subfamily and promotes the migration to the tissues by means of adhesion 

receptors and chemokines [7]. Mast cells are also essential in the TH2-inflammation. After 

crosslinking IgE they degranulate and histamine is released. Cytokines that contribute to mast 

cell proliferation are IL-3, IL-9, IL-10, SCF (Stem Cell Factor).  
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Summarized IL-25, IL-33 and TSLP, next to the IL-4/GATA3-dependent mechanism are 

important to the TH2 differentiation [28]. 

3.2.2. TFH-cells and their cytokines 

The main cytokine secreted by TFH-cells is IL-21. IL-21 is important for the GC formation and 

for the generation of TFH-cells, as it is a potent inducer of BCL-6 and Blimp1. IL-21 mostly 

stimulates the immunity, but can also inhibit it by inducing apoptosis [2].  

3.2.3. TH17-cells and their cytokines 

TH17-cells are important for the extracellular bacterial clearance, in particular at sites where 

the human body interacts with the environment. The differentiation and function of the TH17 

cells are influenced by IL-6, IL-21, TGFβ [5]. The TH17 cells secrete among others IL-17 and 

IL-21.  

3.2.4. Treg cells and their cytokines 

The iTreg cells act by secreting the anti-inflammatory cytokines TGFβ1 and IL-10 [13]. The 

differentiation of Treg cells is influenced by IL-10, TGF-β and IL-4 [13, 29]. It is suggested that 

IL-4 could bind to the FOXP3 promotor and in this way prevent FOXP3 expression. This could 

explain the decrease of Treg cells in asthma and allergy [7]. Furthermore, the expression of 

FOXP3 is decreased in nasal polyp tissue, reflecting a deficiency or a dysfunction of Treg cells 

[29, 30], which are crucial players in the prevention of autoimmunity. 

Treg cells and TH17 cells are mutually exclusive. Thus, the presence of TH17 cells is a double-

edged sword, it can promote inflammation and autoimmunity [31, 32].   

 (Table 6) 

3.2.5. Innate non-B/non-T-cells and their cytokines 

It is still unclear what the specific function of these cells is, but they certainly respond to IL-25, 

IL-33 and TSLP and are a source of IL-13 and IL-5.  
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PATHOLOGY  

 

1. Allergic rhinitis 

A sustained overproduction of IgE in response to common antigens is the hallmark of allergy 

[33].  

Allergic inflammation typically comprises an early and a late phase organized by structural 

epithelial cells, residential mast cells, and infiltrating eosinophils, basophils and TH2 cells. The 

latter express among other cytokines IL-4 and IL-13, which are switch factors for IgE synthesis, 

and IL-5, an eosinophilopoietin.  

1.1. The role of epithelial cells 

Epithelial cells are not merely functional as a barrier, but upon activation they can also release 

immunomodulatory substances that regulate TH2 cytokine response, including eicosanoids, 

endopeptidases, cytokines (Thymic Stromal Lymphopoietin or TSLP, IL-25, IL-33) and 

chemokines. Epithelial cells can be activated by an IgE-mediated mechanism.  

1.2. Immediate response 

The activation of mast cells is crucial in the immediate response, and activation by antigen 

crosslinking of IgE is a well-known mechanism. Sensitized mast cells have both high and low 

affinity receptors for IgE on their surface, respectively the abg2 tetramer FcεRI and the ag2 

trimer FcεRII. The latter is also termed CD23 receptor and is found on a broad range of cells 

[34]. These receptors bind IgE and upon crosslinking the mast cell degranulates and releases 

different mediators like histamine and tryptase, newly synthesized lipid mediators, cytokines 

and chemokines. Histamine, leukotrienes and prostaglandins cause clinical symptoms, such 

as sneezing, running nose and nasal obstruction. 

Basophils are phenotypic similar to mast cells, as they are granulocytes containing histamine 

and expressing FcεRI. Thus, upon crosslinking with specific IgE they release histamine. 
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However, basophils can migrate to lymphoid tissues, which mast cells are unable. It is 

suggested that the effector functions of basophils are heterogeneous according to the eliciting 

factor. IL-3-elicited basophils would be highly responsive to IgE, conversely to TSLP-elicited 

basophils that would be nonresponsive to IgE [35].  

1.3. Late phase response 

The release of cytokines and chemokines by mast cells in the immediate phase response, that 

starts within minutes and lasts for 2-3 hours, is important for the subsequent late phase 

response. The late phase response starts 4-6 hours after stimulation and lasts for 18-24 hours. 

An infiltrate containing T helper 2 cells, eosinophils and basophils is characteristic for this 

phase. T helper 2 (TH2) cells are important for the production of key cytokines, including IL-4, 

IL-5, IL-9, IL-13. These cytokines are essential for antibody class switching and the regulation 

of local and systemic IgE synthesis, recruitment of eosinophils, basophils and mast cells and 

survival of eosinophils. It is mostly assumed that eosinophils differentiate within the bone 

marrow in response to eosinophilopoietins. In allergic rhinitis however, a subset of eosinophils 

would differentiate within the nasal mucosa in a highly IL-5 dependent manner [36]. 

Langerhans cells are dendritic cells of the skin and mucosa. They are professional antigen 

presenting cells, that process the aeroallergens deposited on the mucosa, and subsequently 

they present the antigens to T cells. T helper 2 cells release their mediators upon recognition 

of antigen presented by APC. The TH2 cytokines IL-4, IL-13 and CD40L induce selective 

somatic recombination of the immunoglobulin heavy chain regions in B cells before maturation 

into IgE producing plasma cells. 

 

2. Non-infectious, non-allergic rhinitis 

Non-infectious, non-allergic rhinitis describes the patients who are non-atopic on blood test or 

on skin prick test but meet the clinical criteria indicative for persistent allergic rhinitis (ARIA 

guidelines).  
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These patients could however still be allergic in the case of local allergic rhinitis (LAR), 

although most cases are truly non-allergic (See Chapter 2). Here a broad differential diagnosis 

has to be made. Endonasal infections are a common cause of non-allergic rhinitis and 

complaints can persists long after resolution of the infection. Aspecific exogenous irritants such 

as tobacco smoke, pollution, dust, smog, perfumes, solvents and occupational irritants could 

also trigger mucosal inflammation. Furthermore rhinitis can be elicited by foods and beverages, 

namely ‘gustatory rhinitis’, by certain oral medications or by overuse of decongestant nasal 

sprays, called ‘rhinitis medicamentosa’. Changes in hormones due to pregnancy or 

hypothyroidism for example could result in rhinitis. In the elderly watery rhinitis or geriatric 

rhinitis is often seen. Non-IgE mediated hypersensitivity can also explain the discrepancy in 

IgE testing and clinical findings, for example T-cell mediated delayed type hypersensitivity and 

activation of mast cells by immunoglobulin free light chains [37, 38]. 

Evidence increases for the possibility that a T-cell mediated inflammatory reaction to common 

antigens sustains asthma and AR, especially when atopic dermatitis is identified in the history 

[38]. Here again a negative SPT and RAST can be expected.  

Immunoglobulin (Ig) free light chains (FLC) could serve as an alternative for IgE in eliciting 

inflammation in allergic disorders, including food allergy, atopic dermatitis, rhinitis and asthma 

[39]. FLC can cause immediate hypersensitivity through mast cell activation and they are found 

in both atopic and non-atopic rhinitis [39]. Moreover, Powe et al demonstrated a link between 

free light chain immunoglobulins and mast cells in the nasal mucosa, what suggests an 

association between Ig FLC and mast cell-mediated nasal hyperreactivity [37].  The role of 

FLC in AR is not clear and further studies are necessary to investigate the function of FLC in 

local hypersensitivity.  

 

Inflammation in chronic rhinosinusitis without nasal polyposis (CRSsNP) 

In CRSsNP mostly a TH1 skewed neutrophilic inflammation is found with elevated levels of 

interferon-γ (IFNγ) and Transforming Growth Factor-β (TGFβ) [40-42] [29]. This type of 

inflammation results in fibrotic tissue remodeling, characterized by a higher collagen deposition 
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in CRSsNP together with the presence of thick collagen fibers when compared to healthy 

controls. In contrast with CRSwNP, CRSsNP show no deficit in Treg cell numbers or  migration 

capacity and displays a much less severe inflammatory mucosal reaction   

Recently in both CRSsNP as CRSwNP a novel mechanism of mast cell degranulation was 

identified: degranulation by free light chains (FLCs) [43]. FLCs are highly present in nasal 

mucosa and nasal polyp tissue of CRSsNP and CRSwNP patients, respectively, emphasizing 

the local production.[44] The exact functional role of the increased local FLC expression needs 

to be further investigated. 

 

3. Inflammation in nasal polyposis (CRSwNP) 

The definition ‘chronic sinusitis’ suggests a single clinical entity, but in reality it represents 

multiple overlapping entities with different inflammation patterns. In contrast to CRSsNP, 

inflammation in CRSwNP is often a TH2 skewed eosinophilic inflammation with elevated levels 

of IL-5 and IgE [41]. However, patients with CRSwNP as well form a heterogeneous group with 

different endotypes, meaning that inflammation pattern and T helper subsets vary.  

In the western countries the majority of nasal polyps is characterized by a TH2-skewed 

inflammation, dominated by cytokines that promote production of IgE and eosinophilic 

inflammation. IL-4 stimulates proliferation and differentiation in TH2 cells and mediates CSR to 

IgE by stimulating the synthesis of ε-germline gene transcript (GLT). IL-5 is elevated in 

CRSwNP, and is remarkably increased in CRSwNP accompanied by non-allergic asthma and 

aspirin sensitivity [45]. IL-5 mediates eosinophil survival, differentiation and recruitment to the 

nasal mucosa and causes secretion of Eosinophil Cationic Protein (ECP) [46]. ECP is an 

indicator of eosinophilic activation and local ECP correlates with local IgE [47]. The local 

inflammatory pattern could be related to the type of bacterial colonization. Colonization with 

gram-positive bacteria, for example Staphylococcus aureus, is common in individuals with 

nasal polyps characterized by elevated IL-5, ECP and total IgE. In Asian populations the 

inflammation in CRSwNP is frequently predominantly neutrophilic [7]. This pattern is 

associated with greater gram-negative bacterial colonization. Patients with nasal polyps and 
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cystic fibrosis have a TH1/ TH17 skewed neutrophilic inflammation with highly increased 

expression of IL-17 and IFNγ [41].  

Biochemical markers that could be used to differentiate between CRSsNP and CRSwNP in 

Caucasians are ECP, IL-5 and IgE. Markers to differentiate between CRSwNP and cystic 

fibrosis with nasal polyps also include IL-8 and MPO [41].  

 

3.1. TH2-skewed inflammation 

 

Both TH1 and TH2 cells are activated in CRSwNP (suggested by an elevated Tbet, GATA-3, 

IL-2Rα), although the balance is TH2-skewed. TH2 inflammation results in infiltration of 

eosinophils, TH2-lymphocytes, basophils and mast cells. Furthermore, the Treg cell function is 

decreased (concluded from the downregulation of FOXP3 and TGFβ1) [7, 29].  

It remains unclear how the TH2 inflammation is initiated in nasal polyposis and how it can 

develop in both a TH1 and a TH2 inflammatory environment. The deficient Treg function is not 

only linked with autoimmunity, but also contributes to the TH2-skewed inflammation [29]. 

Furthermore, the new innate lymphoid population could have a role in the initiation of the TH2 

inflammation in CRSwNP. The possible role of IL-33 and TSLP in initiating the TH2 polarized 

inflammation is mentioned earlier [22, 23]. An increased IL-33 in epithelial cells in CRSwNP 

tissue is reported [48] and TSLP has a known role in the pathogenesis of asthma and atopy 

[26, 49].  

The same inflammatory cells are found in CRSwNP and in allergic asthma as they are both 

characterized by TH2 inflammation and deficient Treg cells. The link between these two entities 

has clinical importance, as patients suffering from both CRSwNP and asthma are difficult to 

treat. 
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3.2. Eosinophilia and IL-5 

Considering eosinophilia in nasal polyposis, this disease was thought to have an allergic 

etiology. However now it is clear that the eosinophils are present in allergic and non-allergic 

persons with nasal polyposis [50, 51] and accounts for more than 70% of the polyp patients in 

Western countries [40, 52]. As mentioned earlier, IL-5 and eotaxin are essential in eosinophilic 

inflammation. IL-5 is the predominant cytokine in nasal polyposis and the concentrations are 

highest in patients with non-allergic asthma and aspirin intolerance [45]. Furthermore it is 

shown that eotaxin-1 (CCL11), -2 (CCL24), -3 (CCL26) are elevated in CRSwNP [41, 53].  

TGFβ is a fibrogenic growth factor that stimulates extracellular matrix ECM formation and 

chemotaxis of fibroblasts, but inhibits the synthesis of IL-5. As consequence, TGFβ is low in 

CRSwNP [40], what also explains the different remodeling process. In CRSwNP edema is 

found, where in CRSsNP fibrosis occurs. The eosinophilic inflammation has effect on 

extracellular matrix, with nasal polyposis as a possible consequence [51]. Summarized, 

markers of CRSwNP in the Western population are those of eosinophilic inflammation, namely 

IL-5, ECP, eotaxin and IgE [41].  

 

3.3. Immunoglobulin E 

There are two types of IgE expression: the polyclonal type and the allergic type. The first does 

not or only partly relates to the serum IgE, the latter does [52]. IgE in allergic rhinitis is 

monoclonal and induced by allergens, where in nasal polyposis it is polyclonal and induced by 

superantigens (see below). In the polyp tissue of 50 % of the CRSwNP patients 

hyperimmunoglobulinemia E specific to staphylococcus aureus enterotoxin is found, which 

correlates with a high asthma-prevalence [52]. The polyclonal IgE in nasal polyps is produced 

locally, as it is dissociated in serum and polyp tissue. Organization of secondary lymphoid 

tissue in nasal polyps is demonstrated. The consequence of the high IgE concentration is the 

constant triggering of the IgE-mast cell Fcε cascade and the subsequent chronic inflammation 

and growth of the polyp [52].  
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In conclusion it is stated that the polyclonal IgE in polyp tissue is probably produced locally 

and is functional as it continuously activates the mast cells. Consequently polyclonal IgE 

contributes to chronic inflammation in CRSwNP [54].  

 

3.4. Staphylococcus aureus (SA) 

The nose is frequently colonized with staphylococcus aureus. The colonization rate in APA 

syndrome is highest with 87%, followed by CRSwNP with 60%, 33% in controls and 27% in 

CRSsNP. The results of IgE against staphylococcus aureus enteroroxins (SAE) are similar: 

80% in APA syndrome, 28% in CRSwNP, 15% in controls and 6% in CRSsNP [42]. These 

enterotoxins have superantigen potential. Superantigens are bacterial or viral toxins that 

modulate the immune system. They are called superantigens because of their ability to result 

in a lymphocyte response of increased magnitude. Superantigens are capable to interact in a 

non-conventional manner with a high proportion of T- or B-cells through conserved sites in the 

variable regions of their antigen receptors (TCR/BCR) (Figure 3, Figure 4). Whilst bacteria 

classically stimulate the innate immune system and TH1 and TH17 in the adaptive response, it 

is recognized that bacterial products, such as superantigens [55], can induce TH2-mediated 

inflammation [56, 57]. The enterotoxins lead to more severe symptomatology and to 

comorbidity, such as persisting asthma [40]. The shift toward the TH2 pattern contributes to the 

colonization of Staphylococcus aureus and causes an environment where the SA can exert 

their full activity. The cytokine environment in tissue is an important determinant of the impact 

that SAE have on T-effector cells and Treg cells. Furthermore the macrophages are alternatively 

activated and phagocytosis of staphylococcus aureus is deficient [58]. An important question 

that remains to be answered is: Is the colonization with staphylococcus the cause of NP or is 

it a disease-modulating factor? 
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Figure 8. T-cell superantigens: Vβ-site of the TCR. The Superantigen (red) binds the MHC (green) outside the 
binding groove and binds the variable β-chain of the TCR (blue)  

 

                                      

Figure 9. B-cell Superantigens. B-cell superantigens (red) bind the VH3 region of the BCR Fab (green) 

 

Conclusion 

The importance of local inflammation has long been underestimated. Diseases were divided 

in atopic or non-atopic based on their skin prick tests or serum IgE. Today we advocate disease 

phenotyping based on the local markers of inflammation. Especially as a wide series of new 

monoclonal antibody treatments are now ready for clinical use, the understanding of the 

pathogenesis is crucial to select the optimal treatment choice. In the future, the phenotyping 

of CRSwNP patients based on their local inflammation will determine patients eligible for anti-

IgE (Omalizumab) or anti-IL-5 (Mepolizumab) treatment.  
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Supplemental information 
 
Interleukins 
 
Interleukin Source Target cell and function 
IL-1 Macrophage, Monocyte 

B-cell 
DC 
 

T helper cell: co-stimulation 
B cell: maturation and proliferation 
NK cell: activation 
Granulocyte: adherence to epithelial cells 
Eicosanoids upregulation  
Induces TNF, IL-6, GM-CSF, IL-1 
Antiviral activity (shares biological activities with TNF, but TNF has no direct 
effect on lymphocytes) 
Other: inflammation, acute phase reaction, fever… 

IL-2 
(TCGF) 

Th1 cells IL-2 is critical for the initiation and cessation of leukocyte development (1) 
Activated T-cells: growth and differentiation (IL-2 is the most potent and 
predominant T-cell growth factor TCGF) 
Activated B cells: proliferation and Ig-secretion 
Natural Killer cells 
Macrophages  
 
 

IL-3 
(multi-CSF) 

Activated Th-cells 
Mast cells 
NK cells 
Epithelium 
Eosinophils  
 

Hematopoietic stem cells: differentiation and proliferation of myeloid progenitor 
cells 
Mast cells: growth and histamine release 

IL-4  (2, 3)  
(BSF-1) 
(BCGF-1) 

Th2 cells 
Macrophages 
Mast cells (4) 
B cells 

Activated B cells: proliferation, differentiation into the Th2 subset, upregulation of 
co-stimulatory proteins (CD40 and MHC II), class-switching (production of IgG1 
and IgE,  important in allergic disease, IL4 is essential for IgE production and 
synergizes with IL2, IL5, IL6) 
T cells: proliferation and differentiation 
IL-4 leads to GATA-3 upregulation and to the expression of IL-5 and IL-13. 
Eosinophilia  
Macrophages: suppression of IL-1 production, MHCI/II upregulation, low-affnity 
IgE upregulation 
Mast cell hyperplasia 
Goblet cell hyperplasia 
NK cells: activation  
Downregulation of IL-1, IL-6, TNFα, FcγR 

IL-5 
(BCGF-2) 
(=T-cell replacing 
factor) 

Th2 cells 
Mast cells 
Eosinophils 

B cells: differentiation, IgA production 
Eosinophils (IL-5 = eosinophil differentiation factor): production, recruitment to 
nasal mucosa, activation, prolongs survival 
IL-5 is the most important eosinophilopoietin (other: IL3 and GM-CSF) 
ECP secretion 
CD8+ T cells: differentiation 

IL-6 
(=IFNβ2) 
 

Th2 cells 
B cells 
Macrophages, monocytes 
Endothelium  
Fibroblast 
 

Activated B cells: differentiation into plasma cells 
Plasma cells: antibody secretion 
T cells: survival Th17 (augments IL-17, blocks FOXP3, promotes RORCγt, 
promotes IL-23R)(5) 
Neutrophil: priming 
Antiviral activity, upregulation of MHCI 
Hematopoietic stem cells: induces the entry in cell cycle 

IL-7 
(LP-1) 

Bone marrow stromal cells and 
thymus cells 

Pro-B-cell: differentiation and proliferation 
Pro-T-cell: differentiation and proliferation 
NK cells 
Nuocytes: proliferation and expression of IL-5 and IL-13 

IL-8 
= CXCL-8 
(chemokine) 
= NAP-1 

Macrophage 
Lymphocyte 
Endothelium 
Epithelium  
 

Neutrophil: neutrophil chemotaxis, degranulation 
Basophil 
Lymphocyte: T-cell chemotaxis 
Inhibition of IL-4-mediated IgE production, anti-allergic 

 
 
 
IL-9 
(p40-MEA) 
 
 
 
 

Th2 cells T-cell, B-cell: potentiate IgG, IgM, IgE, stimulate mast cells proliferation (MEA 
activity) 
Synergize with IL-3: RBC en megakaryocyte development 
Mast cell hyperplasia 
Goblet cell hyperplasia 

IL-10 
(CSIF) 

Th2 cells 
Tfh cells (3) 
CD8+ cells 

Th1: inhibits Th1 cytokine production (TNFβ, IFNγ, IL-2) 
Th2: stimulation (but inhibition of IL-4 and IL-5 production) Inhibition of IL-4-
induced IgE production 
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Macrophages 
Mast cells 
Monocyte (major source) 
Natural Killer Cells 

Mast cell 
Eosinophil: inhibition of survival  
Macrophage: inhibits cytokine production (IL-1β, IL-6, IL-8, IL-12, TNFα) 
Monocyte: inhibition MHCII expression 
B cell: proliferation, plasma cell differentiation  
NKC: inhibition cytokine production (TNFα, IFNγ) 
Summary: inhibition of cellular immunity and allergic  inflammation, while 
stimulating humoral and cytotoxic immune response 

IL-11 Bone marrow stroma Bone marrow stroma 
Hematopoietic progenitor cell: IL-11 synergizes with IL-3 and IL-4 
Megakaryocytes: IL-11 synergizes with IL-3 and IL-6:  

IL-12 DC 
B-cell 
T-cell (Th1) 
Macrophage, monocyte 

Activated T cell: differentiation into cytotoxic cell with augmentation of TNFα, 
IFNγ, IL-2, suppression IL-10. Shifts the inflammation toward Th1 
Inhibition of IL-4 (less IgE production, anti-allergic) 
NK cell: augmentation of TNFα, IFNγ 
Indirect inhibition of IgE secretion 

IL-13 
(p600) 

Activated Th2 
Mast cells (4) 
NK cells 
Non-B/non-T-cells (nuocytes) 

Th2 cells: inhibition Th1, less IL-8, IL-10, IL-12 
B-cells: stimulation of growth and differentiation (IgE isotype switch) 
Eosinophilia  
Goblet cell hyperplasia 
Macrophages: inhibition macrophage inflammatory cytokines (IL-1, IL-6) 
IL-13 and IL-4 both induce IgE production (6) (if IFNγ is absent) and 
downregulate IL-6 
Similar activity as IL-4, except IL-13 does not enhance Th2 generation or 
proliferation 

IL-14 
(HMW-BCGF) 

T cells Activated B-cells: controls proliferation of B-cells and inhibits Ig secretion  

IL-15 Mononuclear phagocytes  T-cells, activated B-cells, NKC: proliferation 
Activity similar to IL-2 

 
 
IL-16 
(LCF) 

 
 
Lymphocytes 
CD8+ cells 
Epithelial cells 
Eosinophils  
 

 
CD4+ cells: chemotaxis 

IL-17 Th17 Epithelium, endothelium: augmentation inflammatory cytokines.  
Neutrophil recruitment and function (7) 

IL-18 Macrophages Th1 cells: induce production of IFN 
NKC: activation 

IL-21 (1-3, 7, 8) Activated Th cells  
- Tfh cells  
- Th17 cells 

NK cells 
NKT cells 

Macrophages: IL-21 induces CXCL-8 (7) 
Dendritic cells: 

- Inhibition of maturation 
- Inhibition of function 

CD8+ cells: 
- Co-stimulation of activation and proliferation of CD8+ cells, induction 

of cytotoxic cytokines, generation of memory CD8 + T cells 
- CD8 + differentiation (inhibits downregulation of CD28 and CD62L, 

downregulates CD44, when combined with IL-15 there is an 
accumulation of CD44 and IFNγ) 

NK cells 
- Differentiation and maturation of NK cells.  
- Low doses of IL-21 can help proliferation of committed NKC  
- Augment NKC cytotoxicity.  

T helper cells 
- Generation and migration of Tfh cells and Th2 cells 
- Autocrine for Tfh cells (modulates CXCR5, CCR) 
- Autocrine for Th17 generation and differentiation  

B-cells:  
- Augment CD40 driven B cell proliferation, differentiation and isotype 

switching,  
- Differentiation of B cells to plasmacells.  

cooperates with IL-4 (7): 
- IL-21 + IL-4 + anti-CD40 : augment IgE 
- IL-21 + IL-4 + PHA : decrease IgE 

antagonizes IL-4: 
- Prevents proliferation of B-cells cultured with IgM combined with IL-4 
- Can inhibit IL-4 mediated isotype switch (particularly IgE secretion) (9) 

Mostly stimulates the immunity, but can inhibit it: 
- Antagonize IL-4 function depending on nature of co-stimulatory 

proteins as well as the developmental stage of the target B-cell (3) 
- Inhibit delayed-type hypersensitivity in mice 
- Prevents IFNγ expression 
- Stimulates IL-10 expression (CD4+/CD8+/NKC) 
- Can be pro-apoptotic for B-cells (if stimulated by TLR-signals, 

polyclonal B-cells with non-specific Ig) and for Natural Killer Cells. It 
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can inhibit proliferation and stimulation of B-cells, memory CD8+ cells 
and NKC.  

- It can downregulate MHCII on immature dendritic cells. 
Summarized it controls the strength and duration of the adaptive immune 
response. 
 

IL-25 Th-2 cells 
Mast cells 
Eosinophils,  
Basophils 
Macrophage  
Epithelial cells 
(10-14)  

Member of Th17 family, but unlike the rest of this family, IL-25 is associated with 
a Th2-like inflammation and disease (15): eosinophilia, IgE, IL-5 and IL-13 (16) 
Th2 cells: stimulation and production of IL-4 
Innate cells: stimulation and production of IL-5 and IL-13 (15, 17, 18) 
NKT cells 

IL-33 Th1, Th2, Th17 
Eosinophil 
Mast cells 
Basophils 
Fibroblast  
Epithelial cell  
Endothelial cell 
IL-33-receptor = T1/ST2 

Induction of Th2 cytokines (19) 
Similar activity to IL-25: eosinophilia, IgE secretion, stimulation of innate 
lymphoid cells, production of Th2 cytokines. 
Active IL-33 is constitutively expressed in the nucleus of human epithelial and 
endothelial cells and acts as an alarmin. It is released following injury or tissue 
damage. (apoptotis inactivates IL-33, necrosis releases IL-33 and causes type 2 
inflammation)(20, 21) IL-33 then amplifies almost every type of inflammation, 
including Th1, Th2 and Th17 (22) 
Dendritic cell: maturation en increase of potency (21) 
Non-B-non-T-cell: IL-5 and IL-13 expression (20) 
Basophil: IL-4 and IL-13 expression and histamine release (20) 
IL-33 integrates both innate and adaptive immunity via basophils (23-25), mast 
cells (26), eosinophils, innate lymphoid cells, NKC and NKT-cells, nuocytes, Th2 
lymphocytes (27) and a CD34 precursor cell population (21) .  
High levels of IL-33 induce M1-macrophages, where low levels induce the M2 
subset (23, 28, 29) 
An infection can lead to Th2 response through IL-33 alarmin, which can also be 
the mechanism in allergy (21) 

 
Colony-stimulating factor 
 

CSF Source Function  

EPO Kidney, liv (30) er Producing mature erythrocytes 

GCSF Monocyte/macrophage 
Fibroblast  
Endothelial cells 

Neutrophils: increased production, maturation, differentiation 
 

GM-CSF Monocytes 
Fibroblast 
T cells 
Endothelial cells 

 

M-CSF Monocytes 
Fibroblast 
Endothelial cells 
 

Stimulates activity of neutrophils, eosinophils, monocytes, macrophages 

SCF Stromal cells 
Fibroblasts  

Hematopoiesis 
Tissue mast cell generation and phenotype maintenance 

 
Transcription factors 
 

T-cell subpopulation Transcription Factor 

Th1 Tbet 

Th2 GATA-3 

Th17 RORCγt 

Treg FOXP3 
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Growth- and differentiation factors 
 

 Source  Function  
Oncostatin M T cell 

Monocyte/macrophage 
 

TGFα Monocyte/macrophage 
Keratinocytes 
Brain cells 

Fibroblasts: stimulation 
Epithelial cells: stimulation 

TGFβ T cell, Th3 
Neutrophil, 
Eosinophil 
Monocyte,  
Macrophage 
Platelets, fibroblasts 
Endothelial cell 
Epithelial cell 

Induction FOXP3 
Inhibition of IL-4-mediated IgE 
secretion (anti-allergic activity) 
Inhibition of T-cells and B-cells, inhibits 
Ig secretion 
Stimulates fibrosis, ECM-formation 

PDGF Platelets, macrophages 
Endothelial cells 
Smooth muscle cells 

Smooth muscle cell and 
Endothelial cell: proliferation 

Leukemia inhibitory factor Platelets,  
Monocyte/macrophage 
Endothelial cells 
Smooth muscle cells 

 

Hepatocyte growth factor Platelets, fibroblasts 
Monocyte/macrophage 
Endothelial cells 
Smooth muscle cells 

 

Epidermal growth factor Macrophages  
 
Tumor necrosis factor 
 

TNF Source Function  
TNFα 
(= cachectin) 

Monocytes/ macrophages 
 

Cytotoxic activity 
Pro-inflammatory: chemotaxis of 
granulocytes 
B-cell activation 
Monocyte activation  
Neutrophils: activation  
Antiviral activity 
Stimulation of MHCI and II expression 

TNFβ 
(= lymphotoxin) 

T cells 
(IL-1, IL-3, GM-CSF and IFNγ may 
induce TNF transcription) 

See TNFα 
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Immunoglobulin E in the nasal mucosa: clinical implications 
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INTRODUCTION 

Immunoglobulin E (IgE) is a major contributing factor in multiple airway diseases, including 

allergic rhinitis (AR) and chronic sinusitis with nasal polyposis. However, measuring IgE by the 

classical systemic tests fails to give an adequate idea of local IgE in the target organ, the nose 

[1-4]. In this review we summarize the evidence of local production of IgE in sinonasal diseases 

and clinical implications will be discussed. Diagnostic tools in rhinitis may not be sufficient to 

differentiate between allergic, non-allergic and local allergic rhinitis (LAR), as local IgE normally 

is not measured. In chronic rhinosinusitis different disease subgroups exist [5] with their 

inherent pathomechanisms, and it is challenging to find good markers to further categorize the 

nasal-polyposis population. It would be especially interesting to determine the endotype in 

which IgE, whether or not systemic, is crucial in the pathogenesis. The response to targeted 

therapy as anti-IgE can be predicted.   

ALLERGIC RHINITIS AND NON-ALLERGIC RHINITIS 

IgE in Allergic Rhinitis and Non-Allergic Rhinitis 

Rhinitis is traditionally categorized in allergic, infectious and non-infectious non-allergic rhinitis 

(NINAR). NINAR is diagnosed by exclusion [6], meaning that this category includes a 

heterogeneous group of rhinitis patients with a poorly defined pathogenesis. Mostly no 

aetiology is found and this subgroup is known as idiopathic rhinitis. IgE is one of the most 

important markers of allergy, as it is the major contributing factor in most types of allergic 

disease [7]. Traditionally distinction between allergic and non-allergic rhinitis is based on skin 

prick tests and serum IgE analysis.  However, in a subgroup of patients with a typical history 

suggestive for allergy these tests are negative but measurement of IgE locally can show 

elevated levels. This observation suggests that a local form of rhinitis may exist, known as 

‘local allergic rhinitis (LAR)’.  
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Allergic Rhinitis and systemic IgE  

Respiratory mucosa is a site of IgE induction during allergic airway inflammation. The group of 

Eckl-Dorna investigated the role of blood-derived plasma cells and B cells in the production of 

allergen-specific IgE. In a series of cell separation experiments performed by negative 

depletion and positive selection they found that the majority of circulating specific IgE 

antibodies is not derived from IgE-producing cells in the blood. This result suggests that the 

production at the target organ is the probable source [8]. Serum IgE in AR might thus be a 

result of spill over rather than the reverse; nearly all of the serum IgE may be derived from 

mucosal sites. 

Local Allergic Rhinitis 

Conventionally, an immune response is primed in germinal centres in lymph nodes, whereas 

the effector function of antibodies is peripheral, e.g. mucosal. In AR however, all events may 

occur peripheral [9]. Localized IgE-mediated inflammation may be suspected in a small 

subgroup of the idiopathic rhinitis group with negative skin prick testing, but where allergen-

specific IgE is also measurable in nasal secretions of patients [10]. Also studies have proven 

that the localised cellular pathogenesis is analogous to that in patients with AR, suggesting 

these ‘non-allergic’ subjects are in fact allergic.  

Evidence of local IgE production  

In AR IgE-positive B cells would reside in the nasal mucosa, as local IgE production has been 

perceived in vitro [11] and in vivo [10, 12, 13]. The possibility that IgE is produced locally in the 

target organ was first proposed after an experiment in children with AR to house dust mite and 

asthma. IgE was measured in the serum and in nasal secretions in steady state, and kinetic 

studies were added. It was seen that after re-exposure, local IgE increased more rapidly than 

serum IgE [14]. In another experiment levels of specific IgE measured in nasal secretions 

exceed levels measured in serum of patients diagnosed with AR to cedar pollen [15]. 

Furthermore, in patients where no serum specific IgE is measurable, elevated levels are found 

in nasal secretions. This was demonstrated for HDM specific IgE [12, 16] and for specific IgE 

to grass/olive pollens [10] in non-allergic patients with positive nasal provocation tests. Kleinjan 
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et al provided evidence for the local production of specific IgE, as IgE positive mast cells [13], 

plasma cells and B cells [7] are found in inferior turbinate tissue from patients with AR. The 

presence of long-lived plasma cells in the mucosa of subjects with AR was also suggested by 

Smurthwaite et al, who demonstrated persistent IgE synthesis between seasons in explants of 

hay fever patients [17]. Ex vivo stimulation of tissue obtained from allergic patients leads to an 

increase in IgE, meaning all is available locally to produce IgE [9]. Cameron et al demonstrated 

elevated levels of Interleukin (IL)-4 [18] in AR, meaning the nasal mucosa in AR is a favourable 

environment for CSR. Hence, local production and release of IL-4 and IL-13 by T cells and 

mast cells may regulate the local IgE production [19]. These cells also carry the CD40ligand 

necessary for DNA recombination and IgE synthesis [19]. Regarding functionality, Pawankar 

et al demonstrated upregulation of FcεRI on mast cells in response to locally produced specific 

IgE.  Subsequently to the increased IgE crosslinking, more mast cells are activated and 

degranulate, promoting allergic reaction [11]. As previously discussed, evidence points at the 

local synthesis and secretion of IgE. But does CSR to IgE+ B cells and affinity maturation occur 

in distant lymphoid tissue before migrating to the target organ or do they first migrate and only 

then class switch? In human nasal mucosa of allergic individuals GC formation has not been 

demonstrated yet [20], although SH and CSR to IgE have been described [3, 4, 20-22]. In an 

ex vivo experiment with nasal mucosa from grass pollen sensitized subjects, class switching 

is found upon allergen stimulation [4]. The group of Coker detected local bias to VH5 germline 

gene family, while no VH5 overexpression was detected in the blood [23]. Furthermore, 

activation-induced cytidine deaminase is continuously expressed, representing a fundamental 

aberration in the mucosa of AR patients [4, 24]. Next to AR, local IgE formation is also present 

in chronic rhinosinusitis with nasal polyps (CRSwNP). IgE in nasal polyps is polyclonal, 

whereas IgE in AR is monoclonal. In contrast to AR, germinal centre formation has been 

documented in nasal polyps [25], and in auto-immune diseases [24] and lower airways [9].  

This information illustrates that the nasal mucosa has the intrinsic capability for affinity 

maturation by somatic hypermutation, clonal expansion and class switch recombination to IgE 

[3, 20, 24, 26].  
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CLINICAL IMPLICATION: DIAGNOSTIC WORK-UP OF ALLERGIC AND NON-ALLERGIC 

RHINITIS 

Currently the diagnostic work-up of AR must consist of the history of the patient, with most 

important differentiation between intermittent and persistent symptoms and between mild and 

moderate to severe AR following the ARIA guidelines. In addition clinical examination, with 

anterior rhinoscopy and nasendoscopy is required. At last allergen extract-based IgE tests are 

indispensable, such as skin pricks testing (SPT) and the measurement of specific IgE 

antibodies in serum. Though, these conventional tests are expected to be negative in cases in 

whom IgE is only situated in the nasal mucosa, and those in whom rhinitis is induced by non 

IgE-mediated mechanisms. These patients are classified as ‘non-allergic’, although additional 

testing for local IgE may reveal a local allergic response in a subgroup of patients. In those 

patients where history is truly suggestive for AR and currently used tests are negative, it has 

to be questioned whether measurement of systemic IgE levels is sufficient for the diagnostic 

work-up. Additional testing by means of nasal provocation, as proposed by Rondón et al [27], 

or a measurement of local IgE in the nasal mucosa can be considered to reveal LAR. However, 

it is currently unclear how large this subgroup is; findings from our clinic/group point to rather 

small numbers [28]. Methods to measure local mediators have not been standardized yet, and 

this will be discussed further in this review. To determine whether a T-cell mediated, delayed 

hypersensitivity lies at the basis of the complaints, an Atopy Patch Test (APT) can be useful 

[29], however the relevance of this test in AR has not been established.  

CLINICAL IMPLICATION: TREATMENT OF ALLERGIC AND NON-ALLERGIC RHINITIS 

The right diagnosis and knowledge of pathophysiology is essential to establish the best 

treatment for a patient.  

Mast cells are crucial in allergic inflammation and different treatment options aim to block their 

effect. Traditionally topical corticosteroids and antihistamines are prescribed.  

Avoidance of allergen if possible is an important step, for instance in AR to mold or cat 

allergens. However in most cases it seems that this is hardly effective or impossible, such as 

in the case of AR to grass pollen or house dust mite. Only when it is known to which allergen 
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the patient is sensitized, avoidance of allergen is possible, and/or immunotherapy can be 

considered. Recent diagnostic tests based on recombinant allergens, epitopes and peptides 

allow more precise diagnosis of allergy. New immunotherapy strategies that would be more 

effective and safe than the conventional allergy vaccines aim to suppress IgE-mediated 

inflammation. T cell tolerance can be induced by administration of peptides containing T cell 

epitopes, carrier-bound allergen peptides or recombinant hypoallergens.  

Targeted treatments using antibodies are developing. In allergic diseases such as AR, asthma, 

food allergy and allergic dermatitis, anti-IgE or Omalizumab has been investigated. This 

humanized monoclonal antibody targets the Cε3 domain of IgE, reducing free IgE by forming 

a biological inert molecule. Furthermore Omalizumab downregulates FcεRI on effector cells 

and it would also decrease IgE synthesis by inducing an anergic state in IgE+ B cells [30]. 

Omalizumab has a good clinical effect in allergic diseases [31] that lasts for about 4 months 

and it has low incidence of side effects [32]. This treatment is in theory an option in AR. 

However, the high cost-effectiveness ratios [33] result in restriction of indications. Theoretically 

Rituximab or anti-CD20 could also be an option to inhibit IgE producing cells.   

To conclude allergen avoidance (if possible), local corticoids, antihistaminic drugs and 

leukotriene receptor antagonists are the first-line treatment options. Immunotherapy can be 

considered in certain cases where the conventional treatment is not sufficiently effective. In 

this way a good control of symptoms is achievable and theoretical possibilities Omalizumab 

and Rituximab are not indicated for AR as such. 

CHRONIC RHINOSINUSITIS WITH NASAL POLYPOSIS 

Definition 

The term chronic sinusitis covers a wide range of sinus diseases, in which the mucosa is 

inflamed with symptoms on most days lasting at least 12 weeks without complete resolution. 

In the pathophysiology intrinsic (for example genetic), and extrinsic (for example microbial, 

environmental and iatrogenic) factors may contribute, which can act locally or systemic. 
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Two phenotypes are currently distinguished, namely chronic rhinosinusitis without nasal 

polyposis (CRSsNP) and with nasal polyposis (CRSwNP). However, some authors believe 

that the different disease entities classified as chronic sinusitis are a continuum of the same 

disease. 

These phenotypes show considerable overlap in symptoms, but can be differentiated from 

each other with reasonable certainty by endoscopy.  

Inflammation patterns 

IgE in Chronic Sinusitis with Nasal Polyposis 

Local IgE 

Total IgE is often highly increased in nasal polyp mucosa and IgE specific to staphylococcal 

enterotoxins can be present, independent from serum total/specific IgE [34]. The presence of 

plasma cells in the mucosa insinuates local production of IgE, which is polyclonal and 

functional [35]. 

In atopic nasal polyp patients, local IgE production can be the effect of stimulation with allergen 

[36]. However, local hyperimmunoglobulinemia is also present in non-atopic patients, meaning 

elevated IgE levels result from other pathways as well. The cytokines IL-25 and IL-33 can 

induce IgE-mediated inflammation by stimulating a non T cell source to produce IL-4, -5 and -

13, namely innate lymphoid cells (ILC) [37] (cfr Figure 1).   
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Figure 10. Pathways resulting in local IgE production in CRSwNP 

  

A role for mast cells in enhancing eosinophilic inflammation in chronic rhinosinusitis is 

suggested. Ex vivo experiments demonstrate activation upon IgE crosslinking in CRSwNP 

[35], but also FLC present in nasal polyps could mediate local immune response [38]. FLC 

concentrations correlate with IL-5, IL-6 and local IgE. Furthermore a decrease in local FLCs is 

seen after treatment with anti- IL-5, presuming IL-5 creates an environment that favours FLC 

production [38]. Next to IgE and FLC, locally produced IgA [39] could also be involved in the 

activation of mast cells and eosinophils. The role of IgA is not clear, but elevated levels of IgA 

are often found in patients with chronic mucosal inflammation. In CRSwNP as well elevated 

levels of IgA is found in tissue homogenates [39], although this could be explained by a 

decreased translocation of IgA from the epithelium of the lamina propria into nasal secretions 

[40].   
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Germinal Centre Reaction in Nasal Polyposis 

As mentioned earlier, it is generally believed that GC are situated in lymphoid tissues, meaning 

affinity maturation by SHM and CSR takes place in these lymphoid tissues.  

The involvement of local IgE production has been investigated by comparing key markers of 

TH2 inflammation and GC reactions in nasal polyp tissue versus control tissue. We measured 

elevated levels of IL-4, ε-GLT, ε-mRNA and local IgE, which all point at local CSR. Enhanced 

differentiation of B cells into plasma cells in NP can be concluded from the increased number 

of plasma cells and ratio of plasma cells to B cells, together with the elevated BAFF levels. 

The upregulation of RAG1/RAG2 points at local RR. The presence of switch circle transcripts 

point to ongoing local class switch recombination. To conclude, our group was the first to reveal 

formation of GC-like structures in polyps with local receptor revision, class switching to IgE 

and B-cell differentiation into IgE-secreting plasma cells [1]. Because T follicular helper cells 

TFH cells and IL-21 produced by these cells are important in regulating B cells in GC and 

lymphoid accumulations are found in NP, a new study was conducted. Here, IL-21 and IL-21 

positive T helper cells were measured in nasal tissue of CRSwNP, CRSsNP and controls. 

Elevated levels of IL-21 and IL-21 positive T helper cells were found in CRSwNP and after 

stimulation with SEB during 24 hours a significant increase of IL-21 in the CRSwNP was seen. 

In the same study high expression of B lymphocyte-induced maturation protein-1 (Blimp-1) 

and B-cell lymphoma-6 (Bcl-6) was found. These molecules are antagonists with Bcl-6 being 

the regulator of TFH cell differentiation and Blimp-1 suppressing generation of TFH cells. The 

authors suggest that both mediators regulate differentiation of T and B cells in nasal polyp 

tissue. It was concluded that IL-21 produced by TFH cells stimulates GC formation in CRSwNP 

[41]. The group of Mechtcheriakova used CRSwNP as a model to study AID-associated 

responses in diseases characterized by chronic inflammation. In nasal polyp tissue they 

detected functional AID-positive ectopic follicular structures by real-time PCR analysis and 

immunostaining. No AID mRNA could be detected in the control CRSsNP tissue. The 

transcription of IgE and/or IgG was positively correlated with the expression of AID mRNA. 
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These results indicate that CSR and SHM can take place locally in the airways at sites of 

chronic inflammation [42]. 

Staphylococcus aureus specific Immunoglobulin E 

Local IgE in CRSwNP is polyclonal and associated with the presence of IgE antibodies to SEs 

[25, 35]. Staphylococcus aureus (SA) is one of the most frequently found bacteria in CRSwNP. 

Colonisation with SA is significantly more prevalent in the population with nasal polyps when 

compared to controls. Colonization is present in 27.3% of CRSsNP patients, 33% of control 

subjects, 60% of patients with CRSwNP and is as high as 87% in the subgroup with asthma 

and aspirin intolerance, based on culture data [43]. An increased colonization rate of 

Staphylococcus aureus was demonstrated in patients with CRSwNP (63.6%), but not in 

patients with chronic rhinosinusitis without polyps (CRSsNP; 27.3%) and controls subjects 

(33%) [44]. 

Immune response rates to enterotoxines released by SA follow the same trend, with SE-IgE 

present in 28% of CRSwNP and up to 80% in the subgroup with aspirin-exacerbated 

respiratory disease (AERD) [44]. SE contributes to nasal polyp formation in both atopic and 

non-atopic patients [34, 45], since these enterotoxins have the ability to induce an enormous 

activation of lymphocytes without undergoing processing by antigen-presenting cells. 

Consequently a severe eosinophilic inflammation arises and polyclonal IgE and IgG/IgG4 is 

produced by B cells [39]. Products of viral or bacterial microorganisms with this feature are 

identified as superantigens.  

The activation of T- and B-cells, by respectively T- and B-cell superantigens, is non-specific, 

polyclonal and leads to massive cytokine release. This resultant polyclonal IgE saturates the 

receptors on local tissue mast cells, reducing the effect of specific IgE and the allergic 

response. Superantigens skew the inflammation towards a TH2-mediated inflammation with 

increased levels of eosinophilic cationic protein (ECP), IL-5 and IgE; or a pre-existing TH2 

milieu might facilitate the persistence of S. aureus. Moreover, macrophages are alternatively 

activated, causing deficient phagocytosis of S. aureus in CRSwNP [46]. Detection of IgE 

specific to SE has been demonstrated for tissue homogenates, but rarely in serum of subjects 
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without comorbid asthma. Moreover, the levels of IgE specific to SEA and SEB detected in 

tissue homogenates would correlate with levels of ECP and IL-5 and thus eosinophilic 

inflammation [47]. 

Immunoglobulin E 

The eosinophilic inflammation with elevated IgE found in nasal polyps suggests an atopic 

background, although atopy has no impact on tissue inflammatory patterns in caucasian 

polyps. Epidemiological data support this notion, as CRSwNP is as prevalent in atopic patients 

as in non-atopic patients. Suh et al compared total IgE and HDM-specific IgE in nasal polyp 

tissue from patients with strong and weak systemic hypersensitivity and controls. They found 

a high IgE-level in both atopic groups, suggesting local IgE production definitely in patients 

with weak systemic atopy [48]. In 2010, Sheahan et al found local antigen-specific IgE in 57% 

of non-atopic nasal polyp tissue, supporting the presence of local IgE to both seasonal as 

perennial allergens [49]. 

Comorbid asthma 

CRSwNP is often associated with asthma and/or aspirin intolerance. CRSwNP and asthma 

share certain characteristics and often coexist leading to the assumption that they could both 

be an expression of the same TH2 mediated disease. Importantly, there is evidence for local 

IgE synthesis in the bronchial mucosa of atopic and non-atopic asthmatics [26]. The 

overexpression of IgE and IL-5 in nasal polyps of the TH2 subtype of CRSwNP is, next to the 

presence of SE-specific IgE, associated with an increased risk of asthma [50]. In patients with 

nasal polyps and asthma, local IgE is highly elevated compared to controls, CRSsNP and 

CRSwNP without asthma (Cf. Figure 2). Sensitisation to SE is frequent, with a prevalence of 

positive serum SE-specific IgE of 29,3 % in the European general population  and 27% in the 

Korean adult population [51]. Sensitization is more common smokers, males, persons 

sensitized to aeroallergens and of advanced age [51]. Furthermore, serum SE IgE is 

associated with adult-onset asthma [51] and could be used as a biomarker.  
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Figure 11. Local IgE levels in nasal tissue homogenates. In the population with nasal polyps  
and comorbid asthma local IgE is highly elevated compared to controls, chronic sinusitis 
without nasal polyps  and nasal polyps  without asthma. 

 

CLINICAL IMPLICATION: DIAGNOSTICS 

Diagnostics are insufficient if solely based on clinical evaluation and radiographic evaluation 

of paranasal sinuses. Differentiation between TH2 biased CRSwNP with high local IgE and 

those who are not TH2 biased is relevant in clinical practice and of prognostic value, as 

especially the eosinophilic type is hard to treat and has the reputation to relapse. Moreover, 

TH2 skewed inflammation involves an increased level of IL-5 and it has been demonstrated 

that this cytokine is related to the development of asthma [50]. Determining the presence of 

SE-specific IgE locally is also important prognostically, as it would be linked to the development 

of asthma as well. Measuring markers as IgE in mucosal tissue is the most direct investigation 

of the inflammation in the nose. In practice however, collection of tissue is only reasonable 

when the patient needs to undergo surgery, as a sinus mucosa biopsy is an invasive method.  

Local IgE levels in nasal tissue homogenates
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Assuming that protein levels in nasal secretions correlate with those in the underlying tissue, 

an alternative is to measure local markers in nasal secretions. Several techniques are 

described to collect secretions that are all less invasive than a biopsy. Nasal lavage and 

absorption techniques by placing filter papers (cellulose sheets) or foam in the nasal cavity are 

good options. The foam or filter paper equilibrates with the ambient fluid and is then squeezed 

by centrifugation.  

At last, analogues to diagnostic techniques in AR, nasal provocation could be a diagnostic tool 

in CRSwNP. However, conversely to AR, a study conducted by Calus et al made clear that 

this technique has little diagnostic value in CRSwNP [52].  

CLINICAL IMPLICATION: TREATMENT 

Currently, the treatment of chronic sinusitis with nasal polyps consists of medical treatment, 

but in most cases additional treatment by endoscopic sinus surgery is necessary. However, 

CRSwNP is a chronic disease with high relapse rates in certain endotypes. New treatment 

options are emerging to better control the disease, namely antibody treatments. However, 

given the cost it is likely that these tailored treatments will be reserved for those patients with 

severe airway disease, refractory to conventional treatment.  

Current medical treatment 

Medical treatment in CRSwNP often requires a combination of saline irrigation, topical nasal 

steroids/oral steroids and antibiotics. Glucocorticosteroids are potent anti-inflammatory drugs 

that are commonly prescribed in CRSwNP. Topical corticosteroid therapy is the first line 

treatment of chronic rhinosinusitis and has an effect on polyp size, nasal symptoms and 

recurrence rate. Van Zele et al evaluated the effect of oral glucocorticosteroids in a randomized 

controlled trial and showed a significant but short-term effect on polyp size and nasal 

symptoms. Seen the chronic inflammatory nature of the disease and the quick recurrence of 

polyps, they stated that treatment with oral steroids is of limited value unless surgery or 

treatment with intranasal corticosteroids is associated [53]. 

Antibiotics are a treatment option as a role for microorganisms is proposed. Especially 

macrolides and doxycycline [53] are good choices, because they have an anti-inflammatory 
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action next to their antibiotic features. Macrolides, like erythromycin, clarithromycin and 

roxithromycin affect neutrophils and eosinophil reducing tissue damage by chronic bacterial 

colonization. The tetracycline antibiotic family has good tissue penetration in airway tissue, has 

a broad spectrum and is especially effective against Staphylococcus aureus. The effect of 

Doxycycline was examined by Van Zele et al and had a significant, but more moderate effect 

compared to oral glucocorticosteroids. The effect of 3 weeks of Doxycycline treatment with 

100 mg/day was present for 12 weeks, whereas the effect of a tapering methylprednisolone 

treatment over the same period only lasted for 8 weeks [53]. The effect of oral steroids and 

doxycycline is compared to the effect of TH2-specific treatments in chapter 7. 

New treatment options that target IgE directly or indirectly  

By the end of the last century biological antibodies were developed, including anti- IL-5, anti- 

IL-4Rα and anti-IgE. Unlike corticoids, these specific treatments are only effective in a selected 

population. Nevertheless, it might be an opportunity to predict responsiveness to a certain 

targeted treatment based on the different T-cell patterns and cytokines in serum, in mucosa 

when surgery is mandatory or in nasal secretions. 

I. Direct inhibition of IgE 

Considering the TH2 skewed eosinophilic inflammation with marked local production of 

functional IgE antibodies, it can be assumed that treatment with anti-IgE is indicated in this 

endotype. Especially in patients with nasal polyps and comorbid asthma treatment targeting 

IgE can be advocated, as high local IgE is frequently present in this subpopulation (cf. Figure 

2). Indeed this therapy has proven to be successful in CRSwNP and comorbid asthma with a 

substantial decrease in nasal polyp scores after 16 weeks in the Omalizumab group compared 

with baseline [54]. Upper and lower airway symptoms significantly improved by application of 

anti-IgE therapy in both atopic and non-atopic patients with nasal polyps. The independence 

of atopic status highlights the functionality of the locally produced IgE. This result is in contrast 

with the findings of a study conducted by Pinto in 2010. In this randomized controlled trial the 

effect of Omalizumab as compared to placebo was determined in patients with chronic 
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sinusitis. An improvement of sinus opaficication in CT-scans and the SNOT-20 questionnaire 

was found, but the difference was not significant [55]. However, the population included also 

patients with chronic rhinosinusitis without nasal polyps, which partially may explain the limited 

benefit from Omalizumab; furthermore, the patients were taking oral corticosteroids, which 

were not tried to reduce. From both studies we can conclude that patients have to be selected 

carefully when considering a treatment or study with a targeted treatment. 

II. Indirect inhibition IgE: Anti- IL-4Rα, anti-TSLP, anti-IL-33 

IL-4 is next to IL-13 an important component in airway inflammation as the IL-44/IL-13/STAT6 

pathway is crucial in TH2 mediated inflammation. Several IL-4 antagonizing approaches have 

been proposed, including soluble recombinant human IL-4 receptor, IL-4 mutein, humanized 

anti- IL-4 monoclonal antibody and human anti- IL-4 receptor α monoclonal antibody. By 

targeting the α subunit of the IL-4 receptor both IL-4 and IL-13 are blocked; this could be more 

effective than targeting either one alone [56]. Dupilumab is a fully human monoclonal antibody 

targeting the interleukin-4 receptor α subunit. A randomized controlled trial has investigated 

the efficacy and safety of Dupilumab in patients with persistent, moderate-to-severe asthma 

and blood eosinophil counts of at least 300 cells per microliter or a sputum eosinophil level of 

at least 3 % [57]. Viewed the good clinical result in asthma it would be interesting to investigate 

the efficacy in eosinophilic CRSwNP. 

As mentioned before, TSLP is an epithelial derived cytokine that is important in promoting a 

TH2 type inflammation. An increased expression of messenger RNA for TSLP and an 

increased number of TSLP positive cells is demonstrated in nasal polyps. Moreover there is a 

clear correlation between the number of TSLP positive cells and the level of IgE [58]. It would 

be interesting to assess the effect of the TSLP inhibition on the IgE level in CRSwNP. AMG 

157 is a human antibody targeting TSLP [59] and thus theoretically this antibody could prevent 

IgE formation upstream. Similarly, next to TSLP, IL-33 and IL-25 could represent a link 

between the epithelium and the TH2 dominated adaptive immunity in CRSwNP (Figure 1). The 

IL-33/ST2 pathway may be a therapeutic target and blockade by means of anti- IL-33 or soluble 
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ST2 could reduce inflammation in nasal polyps. To our knowledge, the impact of such blockade 

on local IgE in CRSwNP has however not been investigated yet.  

GENERAL CONCLUSION 

In many sinonasal diseases IgE is crucial in the pathognesis. Systemic markers to investigate 

inflammation in upper airway disease are sometimes not representative for the local 

inflammation. IgE that is locally produced in the target organ could have diagnostic and 

therapeutic importance in allergic rhinitis and chronic rhinosinusitis with nasal polyps.  
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AIMS OF THE STUDIES 
 
Innovative strategies to improve the outcome of medical and surgical treatment in  

chronic rhinosinusitis with nasal polyps 

Chronic Rhinosinusitis with nasal polyps is characterized by a chronic excessive eosinophilic 

inflammation in the nasal mucosa resulting in nasal polyps. The etiology is multifactorial and 

not entirely understood. It is a heterogeneous disease with a molecular diversity. Therefore 

diagnosis based on anamnesis, clinical examination and imaging does not suffice to define 

disease endotypes with their distinct inflammatory mechanisms. Whether an auto-immune 

mechanism contributes to the inflammatory process is unclear. Our first major aim was to 

investigate whether autoreactive antibodies induce or maintain this inflammatory process. 

Subtypes of CRSwNP can be identified based on the co-existence of asthma or aspirin 

intolerance. Alcohol hyper-responsiveness is also a phenotype of CRSwNP, but little is known 

about this phenomenon and therefore our second aim was to explore alcohol hyper-

responsiveness in CRSwNP and its relation to the inflammation. 

Many patients with nasal polyps are difficult to treat and disease control cannot be achieved 

by the current anti-inflammatory and surgical treatments. Treatment outcome appears to be 

related to the underlying inflammation. Tailored treatments targeting the TH2 inflammation are 

promising, although their indication in CRSwNP is topic of ongoing research and these specific 

treatments will be reserved for a selected population. Our final major aim was to evaluate 

medical and surgical treatments in relation to the eosinophilic inflammation and treatment 

outcome. Furthermore we sought to explore whether the peri-operative treatment could be 

optimized to promote mucosal healing after functional endoscopic sinus surgery.  

On the next page we listed the following chapters and a summary of the major study aims.  
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CHAPTER 5 

The quest for autoreactive antibodies in nasal polyps 

To evaluate whether autoreactivity is part of the inflammatory process in CRSwNP. We 

investigated whether autoantibodies of the IgE subtype against epithelial auto-antigens are 

present, and whether autoreactive IgG to nuclear components or to IgE and FcεRI exist, either 

locally or systemically, in patients with nasal polyps.  

CHAPTER 6 

Alcohol Hyper-responsiveness In Chronic Rhinosinusitis with and without Nasal Polyps 

To evaluate the prevalence of alcohol-hyper-responsiveness in chronic upper airway diseases. 

Furthermore, we aimed to investigate whether the hyper-responsiveness is associated with 

the excessive chronic inflammation.  

CHAPTER 7 

Effect of doxycycline, methylprednisolone, mepolizumab and omalizumab on nasal and 

systemic periostin expression in CRSwNP 

To analyse the effect of conventional and novel treatment options on markers of inflammation. 

In particular ‘periostin’ is evaluated, as this marker is the novel important biomarker of TH2-

mediated diseases. 

CHAPTER 8 

Influence of oral doxycycline on wound healing after functional endoscopic sinus  

surgery for chronic rhinosinusitis with and without nasal polyps: a double-blind 

randomized placebo-controlled trial. 

To evaluate the effect of doxycycline on wound healing after endoscopic sinus surgery in 

subjects with chronic rhinosinusitis. 

 

 

 

 



 

 78 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 79 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER 5 
THE QUEST FOR AUTOREACTIVE ANTIBODIES  
IN NASAL POLYPS 
 
 
 
 
 
 
 
 
 
 



 

 80 

The quest for autoreactive antibodies in nasal polyps 

Els De Schryver, Lien Calus, Henryk Bonte, Hannah Gould, Erin Donovan, Dirk Elewaut, 

Rudolf Valenta, Irene Mittermann, Jan Gutermuth, Tanja Seher, Robert. P. Schleimer, Bruce 

Tan, Lara Derycke, Thibaut Van Zele, Claus Bachert, Philippe Gevaert 

This chapter was based on J Allergy Clin Immunol. 2016 May; 138(3):893-895 

Abstract 

BACKGROUND: Chronic rhinosinusitis with nasal polyps (CRSwNP) is an incapacitating 

disease of the sinonasal mucosa. Recurrence after surgery often occurs despite 

recommended medical treatment. Inflammation is often T-helper 2-skewed and characterized 

by local hyperglobulinemia and the presence of mucosal lymphoid accumulations. We aimed 

to investigate whether autoreactivity is a contributing factor in the pathogenesis of nasal 

polyps. 

METHODS: Autoreactivity was assessed in CRSwNP and in a control group by means of 

multiple methods. First, we aimed to identify systemic anti-IgE or anti- FcεRI autoantibodies of 

the IgG isotype by an in vivo test. Next, the presence of autoantibodies in nasal polyp tissue 

was assessed in vitro. Tests were performed to measure IgE targeting human epithelial cell 

proteins, IgG targeting dsDNA and other nuclear components, and IgG targeting IgE in nasal 

tissue. 

RESULTS: Circulating anti-IgE or anti-FcεRI autoantibodies could not be detected. Anti-

dsDNA was significantly elevated in nasal polyp tissue, but none of the other autoantibodies 

tested were elevated locally. Anti-dsDNA antibodies were inversely associated with the local 

levels of interferon-gamma (IFN-γ).  

CONCLUSION: During our quest for autoreactivity in nasal polyps we found no evidence for 

IgE autoreactivity, nor did we detect significantly elevated local or systemic IgG antibodies 

against IgE or FcεRI.  We confirmed the presence of anti-dsDNA IgG antibodies and these 

autoantibodies were elevated when IFN-γ was low. Whether these autoantibodies are relevant 

to the pathogenesis in CRSwNP remains to be determined. 
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Introduction 

Chronic rhinosinusitis with nasal polyps (CRSwNP) is a disabling disease of the sinonasal 

mucosa. Patients often require surgical treatment, as response to medication is frequently not 

sufficient. However, even surgery cannot always eliminate the disease and recurrence is 

common. The causation is multifactorial, with contribution of infectious and genetic factors. A 

dysregulation of the local and systemic immune system is characteristic for nasal polyp 

development. The predominant inflammatory cells are eosinophils and the inflammation is in 

general T helper 2 (TH2)-skewed; however various endotypes exist. Clinical outcome seems 

to depend on the local inflammatory pattern, for example recurrent polyps exhibit low 

interferon-gamma (IFN-γ) levels [1].  

Although inflammation in CRSwNP is TH2-biased, mixed TH cell signatures are present in 

CRSwNP [2]. The presence of TH17 cells is a double-edged sword, as a subgroup of these IL-

17-producing cells promotes inflammation and autoimmunity [3, 4].  Furthermore, the 

expression of FOXP3 is decreased in nasal polyp tissue, reflecting a deficiency or a 

dysfunction of Treg cells [5], which are crucial players in the prevention of autoimmunity. In 

autoimmune diseases, autoreactive antibodies against human antigens are formed; the body 

attacks an antigen originating from within the body (‘self’). In healthy individuals, 

autoantibodies can transiently appear after infection. Protection from the host from invasive 

microorganisms is important, but on the other hand, tolerance to the ‘self’ antigens is essential. 

Next to preventing release of autoreactive cells in the periphery from the bone marrow and the 

thymus for B- and T-cells respectively, T regulatory cells (Treg cells) are indispensable for 

immunological tolerance [6].  

The hypothesis of an immune mechanism against self-antigens in nasal polyps is supported 

by three main considerations: the first is the chronic relapsing course of the disease, as 

observed also in autoimmune diseases. The second is the local production of immunoglobulins 

with high total and specific IgE levels and increased IgA and IgG levels [7, 8]. Together with 

the increased expression of recombination activating genes (RAG1 and RAG2) in nasal polyp 

tissue [9], which implies local receptor revision, it could be hypothesized that the locally 
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produced antibodies are autoreactive. The third consideration is the frequent chronic 

colonization with Staphylococcus aureus (S. aureus) in CRSwNP. These microorganisms 

release enterotoxins that can act as immune-activating superantigens [10]. A massive 

activation of T cells occurs, leading to severe eosinophilic inflammation. The activated 

eosinophils produce mediators, for example eosinophilic cationic protein (ECP), causing tissue 

damage. The presence of superantigens also leads to a polyclonal activation of B cells 

resulting in polyclonal IgE production [11]. 

The presence of autoreactive antibodies of class IgG and IgE has been demonstrated in both 

atopic and autoimmune diseases. We hypothesized that autoreactive IgE or IgG autoreactive 

to IgE, FcεRI or nuclear components may exist either locally or systemically in patients with 

nasal polyps. 

Autoreactive IgE is present in sera of patients with atopic dermatitis and IgE-reactive human 

antigens are discovered in histogenetically different cell types, but most importantly in epithelial 

cells [12]. In chronic inflammatory diseases, such as atopic dermatitis, autosensitization can 

occur through several mechanisms [12]. First, self-antigens that would not normally be 

available for antigen-antibody interactions are exposed as a result of the uncontrolled chronic 

inflammation, tissue damage and necrosis. As a second mechanism, cross-reactivity of 

antibodies directed to both environmental allergens and human proteins with a similar structure 

is suggested [13-18].  

Autoreactive anti-IgE and anti-FcεRI IgG antibodies can activate cells expressing FcεRI in 

diseases including chronic urticaria [19], atopic dermatitis [20-22], and atopic and non-atopic 

bronchial asthma [23, 24].  

Antinuclear antibodies or autoantibodies that bind contents of the cell nucleus are found in 

many autoimmune disorders, such as systemic lupus erythematosus, Wegener’s 

granulomatosis and Sjögren’s syndrome, but again they can also be found in atopic dermatitis 

[25, 26] and in asthma [27].  The purpose of this study was to confirm and extend earlier reports 

suggesting the presence of autoantibodies in CRSwNP.   
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Methods 

Subjects  

Patients with CRSwNP, chronic rhinosinusitis without nasal polyps (CRSsNP) and healthy 

controls were recruited at the Department of Otorhinolaryngology in the Ghent University 

Hospital, a tertiary health care center in Belgium. Our experiments comprised in vivo (controls: 

n=15; CRSwNP: n= 17) and in vitro tests (controls: n=53; CRSwNP: n= 115; CRSsNP: n=18). 

All participants were examined by nasal endoscopy and CRSwNP and CRSsNP patients were 

diagnosed according to the EPOS guidelines [28]. Nasal polyps were scored according to the 

Davos grading system [29]. Control subjects participating in the autologous serum skin test 

(ASST) were healthy volunteers. For the in vitro tests, inferior turbinate tissue from controls, 

sinus mucosa from CRSsNP and polyps from CRSwNP was collected during routine surgery. 

Demographic data was collected and a personal and family history was taken. Participants 

were asked about co-morbidities, incuding allergy, asthma and aspirin intolerance, and about 

the use of alcohol, drugs, nicotine and concomitant medication. All participants were older than 

18 years, in generally good health and free of any disease that would interfere with the study 

results; such as known autoimmune diseases, cancer, hepatitis or cirrhosis. The ethical 

committee of the Ghent University Hospital, Ghent, Belgium, approved the study, and written 

informed consent was obtained from all subjects.  
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In vivo and in vitro experiments 

Systemic and local anti-IgE, anti-FcεR IgG 

- In vivo autologous serum skin test to detect systemic anti-ige or anti-fcεr igg  

The ASST was performed in accordance with the guidelines written by a panel of experts of 

the ‘European Academy of Allergy and Clinical Immunity’ (EAACI) and the ‘Global Allergy and 

Asthma European Network’ (GA2LEN) [30]. In short, fresh and undiluted autologous serum 

was injected intradermal to detect systemic anti-IgE or anti-FcεRI IgG. For more details we 

refer to the supplemental information at the end of the chapter.   

- ELISA to detect local anti-IgE IgG 

By means of ELISA we checked for the presence of IgE-specific IgG autoantibodies in tissue 

homogenates of CRSwNP, CRSsNP and control patients. For human specimen (serum, nasal 

secretion, and tissue homogenates) collection and processing, we refer to the additional 

information. Maxisorp plates (Thermo Fisher Scientific) were coated with 0,5 μg/ml 

recombinant IgE. Non-specific binding was blocked with SuperBlock blocking buffer (Thermo 

Fisher Scientific) or 3% milk powder (MP) in PBS-T at room temperature for 2 hours, and the 

plates then washed 3 times with PBS-T. Tissue homogenate were added and after 1 hour of 

incubation, the plates were washed 3 times and incubated with anti-human IgG-HRP for 1 hour 

at RT. The plates were washed again 3 times and the color reaction developed using TMB 

solution (R&D Systems, Minneapolis, Minn) [24]. Concentrations were calculated based on a 

standard curve, using known concentrations of commercial IgG between 0 and 1600 ng/ml. 
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Autoreactive IgE  

- Autoreactive IgE to the human epidermoid carcinoma skin cell line A431 

To analyse the presence of autoreactive IgE antibodies, protein extracts of the human 

epithelial cell line A431 were prepared by homogenizing cells in sodium dodecyl sulphate 

(SDS) sample buffer and boiling for 10 min. Extracts were separated by 12.5% preparative 

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) [31]. Proteins were transferred to 

nitrocellulose membranes (Schleicher & Schuell, Dassel, Germany) by electroblotting [32] and 

nitrocellulose strips were cut from the membranes and then exposed to patients’ sera or 

homogenates. As a positive control two sera from atopic dermatitis patients, containing IgE 

autoantibodies [33], were used.  Bound IgE antibodies were detected with 125I-labeled anti-

human IgE antibodies and visualized by autoradiography [33].  

- Analysis of autoreactive IgE towards human keratinocytes (HaCaT-cell line) and 

normal human bronchial epithelial cells  

Whole cell protein was extracted using a RIPA-like buffer.  One µg/ml protein was coated on 

the solid phase of a 384-well. The plates were blocked using 1% BSA before adding the 

samples, that were incubated for two hours at room temperature. The secondary anti-human-

IgE antibody conjugated to horseradish peroxidase and specific towards the ε-chain was 

added and incubated for two hours at room temperature. Ultra-TMB (Thermo Fisher Scientific, 

USA) was used for the detection of the antigen-antibody complex. After each step the plate 

was washed using TBS-T buffer. The assay was validated with sera of negative and positive 

controls. 
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IgG targeting nuclear antigens 

- Line Immunoassay (LIA) to detect anti-ENA (anti-extractable nuclear antigens) 

antibodies 

LIA was used to detect anti-ENA, namely to SmB, SmD, RNP-70k, RNP-A, RNP-C, SS-

A/Ro52, SS-A/Ro60, SSB/La, Cenp-B, Topo-I/Scl-70, ribosomal RNP, Jo-1/HRS and histones 

by means of a Line Immunoassay (INNO-LIA ANA Update, Zwijnaarde, Belgium) as described 

previously [34, 35]. For more details we refer to the supplemental information.   

- ELISA to detect anti-dsDNA antibodies 

Anti-dsDNA IgG enzyme immunoassays (EIAs; Alpco Diagnostics, Salem, NH) were used to 

detect anti-dsDNA IgG. We assayed tissue homogenates and serum of patients with CRSwNP 

and control patients.  

 

STATISTICS 

Data were expressed as median and interquartile range (IQR). The data generated in this 

study were analysed using non-parametric tests. All tests were two-tailed, and P-values< 0.05 

were considered to indicate statistical significance. Statistical methods are described in the 

supplemental information.   
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Results 

Subjects and subject’s characteristics 

We tested for autoreactivity in CRSwNP patients as compared to controls. CRSwNP patients 

are older, and asthma and aspirin intolerance are more frequent in this population. 

Total IgE, ECP and IL-5 were significantly higher in tissue homogenates from nasal polyp 

patients as compared to control homogenates (table 2). IFN-γ and IL-17 levels were non-

significantly lower in the nasal polyp population as compared to controls.  

 

IN VIVO AND IN VITRO EXPERIMENTS 

SYSTEMIC AND LOCAL ANTI-IGE, ANTI-FCΕRI IGG 

- AUTOLOGOUS SERUM SKIN TEST TO DETECT SYSTEMIC ANTI-IGE OR ANTI-FCΕRI IGG  

We tested 17 CRSwNP patients and 15 control subjects for the presence of systemic IgG 

targeting IgE or its high affinity receptor; baseline characteristics of these subjects are depicted 

in table 1. None of our patients had a positive ASST result, nor was there a reaction to the 

negative control, although there was a wheal and flare in the positive control for all subjects.  

Table 3: baseline characteristics of patients included for  the  autologous serum skin test 

  

Autologous Serum Skin Test Control Patients Nasal Polyp Patients

Number, n 15 17

Gender, female/male 5/10 5/12

Age, Median (IQR) 32 (22-60) 52 (42-55)

Allergy, n (%) 7 (46,7) 7 (41,2)

Asthma, n (%) 5 (33,3) 12 (70,6)

Aspirin intolerance, n (%) 1 (6,7) 4 (23,5)

Previous FESS, n (%) NA 14 (82,4)

Total Polyp Score, Median (IQR) NA 5 (3-6)
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- ELISA to detect local anti-IgE IgG 

To evaluate whether anti-IgE IgG antibodies are present locally in the nasal mucosa, these 

antibodies were measured in tissue homogenates of controls, CRSsNP and CRSwNP patients. 

We observed no significant difference in local levels of IgE-specific autoantibodies between 

the groups, however we could see a trend of increasing values in CRSwNP [7,05 ng/mL (4,07 

ng/mL – 11,97 ng/mL)] compared to homogenates of CRSsNP [6,04 ng/mL (4,75 ng/mL – 7,43 

ng/mL)] and control subjects [6,16 ng/mL (4,07 ng/mL – 7,25 ng/mL)]. Seven CRSwNP 

patients exhibit levels higher than 75th percentile (figure 1). These patients do not have specific 

characteristics such as high recurrence rates, aspirin-exacerbated respiratory disease and 

asthma.  

 

Figure 12.  Anti-IgE IgG autoantibodies in tissue homogenates of nasal polyp patients, chronic rhinosinusitis 
patients and healthy subjects. Each subject’s value is presented in the bar graph. The 75th percentile (8,991 ng/mL) 
is represented by the dotted line. 
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AUTOREACTIVE IGE 

Autoreactive IgE targeting proteins extracted from the human epithelial skin cell line (A431) 

(Figure 2), the HaCaT-cell line and normal human bronchial epithelium was analysed (Figure 

3). There was no detectable autoreactive IgE towards skin or bronchial epithelial antigens in 

the nasal mucosa and serum of CRSwNP patients.  

                   
Figure 13. Autoreactive IgE to the human epithelial skin cell line A43,  tested by western blot. Positive controls (AD1 
and AD2) and negative controls (Co1 and Co2) are shown. Molecular weights (kDa) are indicated at the left and 
right margin.  
 

          
Figure 14. Autoreactive IgE to a human epithelial cell line, primary keratinocytes and normal human bronchial 
epithelium. IgE-autoreactivity to skin and lung epithelium are detected in serum and tissue homogenate 
samples of controls, CRSsNP and CRSwNP patients. Median values, 25th and 75th percentiles are 
presented by Box-Whisker-plots.  
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IgG targeting nuclear antigens 

 Antinuclear autoantibodies against dsDNA were significantly (p=0,010) elevated in 

homogenates of CRSwNP tissue [31,20 IU/mL (12,34 IU/mL – 84,09 IU/mL)] as compared to 

control tissue [7,70 IU/mL (5,46 IU/mL – 24,05 IU/mL)]. In contrast, anti-dsDNA was not 

significantly elevated in any of the serum samples (figure 4). Baseline characteristics of 

patients included in the anti-dsDNA trial are shown in table 2. In contrast to anti-dsDNA IgG, 

we could not detect any autoreactivity against SmB, SmD, RNP-70k, RNP-A, RNP-C, SS-

A/Ro52, SS-A/Ro60, SSB/La, Cenp-B, Topo-I/Scl-70, ribosomal RNP, Jo-1/HRS and histones, 

which is in line with previous reports [36].  

Anti-dsDNA levels were correlated with clinical and demographical parameters (table 3).  

 

 

 

Figure 15. Local and serum anti-dsDNA IgG. Data are expressed in Box-Whisker-plots presenting the results of 
local and systemic anti-dsDNA IgG in nasal polyp patients and healthy subjects. Significance (p) values after Mann-
Whitney U test are represented by: * when p<0,05. 
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Table 4: baseline characteristics of patients included for the anti-dsDNA test 

                         

                            Legend * = p <0,05; ** = p <0,0001 
 

Table 5: correlations anti-dsDNA 

                    

Table 3. Correlations between anti-dsDNA values and clinical and demographical data in the nasal polyp population.  
 

We found a significant inverse correlation with IFN-gamma in the CRSwNP population 

(p=0,013, ρ= - 0,607). Furthermore, levels of autoantibodies were higher in patients with aspirin 

intolerance. There was a trend towards higher anti-dsDNA antibodies in CRSwNP with the 

highest IgE and ECP levels. The median value in the female and the older population was non-

significantly higher. We could not link the anti-dsDNA levels to the presence of staphylococcal 

enterotoxin (SE) specific IgE. Anti-dsDNA IgG levels were equally elevated in both asthmatic 

and non-asthmatic CRSwNP patients (p= 0,858). Anti-dsDNA could not be linked with IL-17 

levels (p=0,06).  

Discussion 

Anti-dsDNA ELISA Control Patients Nasal Polyp Patients

Number, n 17 18

Gender, female/male 7/10 5/13

Age, Median (IQR) 37 (28-47) 52 (44-62)*

Allergy, n (%) 0 (0) 7 (38,9)*

Asthma, n (%) 0 (0) 6 (33,3)

Aspirin intolerance, n (%) 0 (0) 2 (11,1)

Previous FESS, n (%) NA 5 (27,8)

Recurrence, n (%) NA 7 (38,9)

SAE IgE, n (%) 0 (0) 8 (44,4)*

Total IgE in homogenate (kU/L), mean (SEM) 37,73 (19,16) 535,83 (116,08)**

Total ECP in homogenate (kUA/L), mean (SEM) 1084,89 (478,89) 14183,14 (2989,60)**

Total IL-1 in homogenate (µg/l) , mean (SEM) 147,19 (53,016) 144,91 (50,14)

Total IL-5 in homogenate (pg/mL), mean (SEM) 7,73 (6,53) 230,81 (71,47)**

Total IL-21 in homogenate (pg/mL), mean (SEM) 5568,00 (610,45) 3414,11 (592,93)*

Total IFN-γ in homogenate (pg/mL), mean (SEM) 210,34 (115,71) 117,11 (29,09)

Total IL-17 in homogenate (pg/mL), mean (SEM) 61,58 (33,60) 28,30 (8,68)

Correlation anti-dsDNA P-value

Gender 0,67

Asthma 0,86

Aspirin intolerance 0,89

SAE IgE 1,00

Total IgE in homogenate 0,35

Total ECP in homogenate 0,35

Total IFN-γ in homogenate 0,01
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Inflammation in nasal polyps is chronic and the locally produced immunoglobulins are 

functional [37]. Others and we hypothesized that autoreactivity could partly underlie the 

dysregulated adaptive immunity and we sought to assess autoreactivity with several tests. 

Given the fact that histamine releasing factors [38] and anti-dsDNA IgG [36] have been 

detected in nasal polyp patients in the past, the ASST and the detection of anti-dsDNA 

represented our main experiments. No positive ASST was seen in CRSwNP patients, 

suggesting there are no autoreactive histamine-releasing factors in their circulation. We found 

significantly more anti-dsDNA IgG in nasal polyp tissue as compared to control tissue, which 

significantly correlated with IFN-gamma levels. 

 

Autologous Serum Skin Test to detect systemic anti-IgE, anti-Fcant IgG 

The ASST is a valuable in vivo test to assess autoreactivity, and it is currently used in chronic 

idiopathic urticaria. It has a moderate specificity, but high negative predictive value for the 

presence of systemic anti-IgE or anti-FcεRI IgG. A negative ASST can be used to exclude the 

presence of circulating autoantibodies. It is recommended to perform a Basophil Histamine 

Release Assay (BHRA) in conjunction with a positive test to confirm the presence of functional 

autoantibodies and if available an immunoassay to demonstrate autoantibody specificity [30]. 

None of our patients developed a ‘wheal and flare reaction’ in response to an intradermal 

injection of their own serum, thus the presence of functional autoantibodies targeting IgE and 

its high affinity receptor is ruled out. As results were all negative, we did not perform a BHRA. 

Our results are in contrast to those of the group of Zambetti, whose preliminary study suggests 

the presence of anti-FcεRI, anti-IgE autoantibodies and perhaps other histamine releasing 

factors in patients with nasal polyps. They found a positive ASST in 55% and 8%, respectively, 

of the nasal polyp and control groups [38].  

It is remarkable that different studies report quite divergent ASST results, with positive results 

in adult patients with chronic urticaria ranging between 4% and 76%. The immense variation 

in results could be a consequence of differences in patient selection, methodology and test 

interpretation [30]. In the present study the methodology was performed in accordance with 
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the guidelines written by a panel of experts of EAACI and GA2LEN [30]. The GA2LEN panel 

previously reported that the clinical relevance of the ASST is only proven for chronic urticaria. 

This aspect is in line with our results. 

 

Detection of anti-dsDNA IgG 

Anti-dsDNA IgG values were found to be significantly higher in nasal polyp tissue as compared 

to control homogenates. Patients’ sera were screened for IgG antibodies against dsDNA, but 

no circulating antibodies could be detected in serum samples of nasal polyp patients, 

suggesting that the production of anti-dsDNA occurs locally. 

 

Proposed mechanism 

The aetiology of nasal polyps is still tenuous and not completely understood. A defective Treg 

function and thus an impaired tolerance could be suspected in nasal polyp tissue [5, 39]. It has 

been demonstrated that BAFF (B-cell activating factor of the TNF family) concentrations are 

elevated in CRSwNP as compared to controls and CRSsNP [40]. An excess of BAFF could 

result in autoimmune disorders, such as systemic lupus erythematosus and Sjögren’s 

syndrome [41, 42]. A few years later evidence of several specific intranasal autoantibodies 

was found, in particular for antinuclear antibodies such as anti-dsDNA IgG and IgA (EIAs; 

Alpco Diagnostics, Salem, NH)[36].  

The heavily inflamed environment with decreased presence of Treg, elevated BAFF levels and 

frequent colonization with S. aureus could be favourable for the development of autoreactive 

antibodies. It is likely that intracellular antigens, that are not available in normal conditions, are 

released as a consequence of the tissue damage caused by the uncontrolled chronic 

inflammation found in nasal polyps. The nasal mucosa has the intrinsic ability to produce 

antibodies in CRSwNP [9] and local receptor revision in nasal polyps could initiate autoreactive 

antibodies. Hulse et al. have reported increased levels of EBI2 [8], a plasma cell activation 

marker, and Gevaert et al have shown infiltration of polyp tissue by plasma cells, supporting 

local activation of immunoglobulin secretion [9]. Furthermore, the complement system is 



 

 94 

involved in CRSwNP in addition to the adaptive immune responses [43, 44], and complement 

activation can be linked with autoantibodies development [45]. Consequently, an attempt from 

the nasal mucosa to control infections or a response to external damage, could lead to local 

autoreactivity.   

Our results demonstrate that antinuclear autoantibodies against dsDNA are locally present in 

nasal polyp disease, especially when IFN-γ is low. As shown by Van Zele et al., IFN-γ is 

significantly higher in non-recurrent polyps [1]. The exact role of autoreactive anti-dsDNA IgG 

is unclear. Whether autoreactivity is simply an epiphenomenon as a result of chronic 

inflammation or a contributor to the perpetuation of the disease remains uncertain. If these 

autoantibodies would truly contribute to the inflammation, we suggest the following 

mechanism. Naïve, potentially autoreactive T or B cells could recognise self-antigens after 

activation by a triggering antigen. The development of these autoreactive cells could result in 

a continuous and amplified response and the induction and continuation of the excessive 

inflammation in nasal polyps, including activation of B cells that recognize the same self 

antigen(s).  

The nature of the triggering antigen is unknown. First, cross-reactivity due to the similarities 

between exogenous and endogenous antigens could be a mechanism of autosensitisation [13, 

46]. Throughout the recognition of B cell and T cell epitopes from viral, bacterial or fungal 

agents the development of autoreactive T and B cells could take place. Cross-reactive immune 

responses through molecular mimicry could thus break self-tolerance [47]. Secondly, 

autoreactivity against self- antigens could be induced as a consequence of tissue injury, 

through infection, inflammation or surgery, by release of intracellular epitopes never before 

recognized. For example a chronic infection with S. aureus is common in CRSwNP and the 

polyclonal IgE induced by this microorganism may contribute to the enduring inflammation [37]. 

Additionally, the continuous production of small amounts of Staphylococcal enterotoxin B 

(SEB), known as superantigens, could underlie the induction of autoreactivity [48] Another 

possibility is that the autoantibody response involves direct activation of autoreactive B cells 

without T cell participation, by pathogen-associated molecular patterns (PAMPs), 
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multideterminant antigens or other mechanisms.  In this case, we would expect the affinity of 

the derived autoantibodies to be low and the somatic hypermutation history to be sparse.  An 

illustration of possible autoreactive mechanisms in CRSwNP is depicted in Figure 5. 

 

 

Figure 16. Potential autoreactive mechanism Naïve, potentially autoreactive T cells are activated by a triggering 
antigen, where after they react with autoantigens such as dsDNA. Three possible triggers are shown, namely cross-
reactivity, tissue injury with release of intracellular antigens, and finally the chronic colonization with S. aureus with 
continuous release of superantigens.  
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Longitudinal studies are needed, as the major challenge will be to separate cause from effect. 

Also, it would be valuable to determine whether autoantibodies can be identified in nasal 

secretions, as it could be interesting to measure them pre-operatively. Larger studies are 

necessary to exclude an association between the presence of anti-dsDNA in nasal polyps and 

the chronic presence of S. aureus. Furthermore, although during our quest anti-dsDNA was 

the only significantly detectable autoreactive antibody, previous studies have identified many 

other specificities of autoantibody, including BP-180 [49]. The search for other autoantibodies 

in CRSwNP should be continued. In particular, a larger study detecting anti-IgE IgG in nasal 

polyps should be performed as this antibody upregulated in a subset of CRSwNP patients and 

asthmatics [24]. This finding is of interest, as we know functional IgE is produced in the airway 

mucosa in asthma [24] and CRSwNP [9, 37]. Finally, at present we cannot exclude the 

possibility that a dysregulated innate response contributes to the excessive local inflammation 

rather than adaptive immune problems. 

Some limitations of our study should be considered. Autoreactive IgE was only detected 

towards components of bronchial and skin epithelium. It would be of great value to search for 

IgE autoreactivity to human proteins derived from normal nasal tissue. The small sample size 

could result in negative findings regarding autoreactive IgE and antinuclear factors other than 

anti-dsDNA. Reactivity towards dsDNA was only addressed by means of ELISA, detecting 

both low-avidity and high-avidity anti-dsDNA antibodies. This may be a limitation as low-avidity 

antibodies are not per se pathogenic [50, 51]. Confirmation by means of the Farr 

radioimmunoassay, which only detects high-avidity antibodies, could solve this issue.  

To conclude, we extensively tested CRSwNP for autoimmune factors. No IgE autoreactivity to 

epithelial antigens, or anti-IgE IgG was detected, although IgG autoantibodies against dsDNA 

were upregulated, confirming previous findings. However, our knowledge about the 

significance of this finding is incomplete. Further research is needed to establish whether 

autoreactivity is truly involved in the pathogenesis of nasal polyps.   
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Supplemental information 

ASST test  

The intake of systemic steroids (>15 mg a day) one month before the ASST, oral 

antihistamines 3 days before the test, topical steroids on the forearm and heparin were 

considered as exclusion criteria for the ASST test. Venous blood was collected into sterile 

glass tubes without additives. The blood was allowed to clot for 30 minutes at room 

temperature and was then centrifuged at 4°C for 10 minutes at 500 g. Following cleansing of 

the volar forearm with antiseptic, 0,05 ml of the fresh and undiluted autologous serum was 

injected intradermal with a 27 G needle. The ASST response was validated with a positive 

control (an intradermal injection of 0,05 ml of a 10 mg/ml histamine solution) and a negative 

control test (an intradermal injection of 0,05 ml NaCl solution). The diameter of the reaction 

edema and red wheal diameter was measured at 15 and at 30 minutes. The mean of the two 

longest perpendicular red weal diameters was taken. The test was considered positive if a red 

serum-induced weal was positive at 30 minutes in the absence of a reaction to the negative 

saline control. The serum-induced weal is positive if a difference of at least 1,5 mm in mean 

perpendicular weal diameter is measured between the autologous serum-induced weal and 

the saline-induced response.   

Human specimens collection and processing 

During routine nasal endoscopic surgery nasal biopsies from inferior turbinate were obtained 

from controls, sinus mucosa from CRSsNP patients or polyp tissue was obtained from 

CRSwNP patients. The biopsies were immediately snap-frozen in liquid nitrogen and stored at 

-80°C until further processing.  

The snap frozen nasal tissues are weighed, and 1 ml of 0,9 % NaCl solution with a protease 

inhibitor cocktail (Roche Diagnostics, Vilvoorde, Belgium) was added per 0,1 g of tissue. The 

tissue was homogenized with a mechanical homogenizer (Tissue Lyser, Qiagen Germany) at 

1000 rpm for 5 minutes on ice as described previously [17]. After homogenization the 

suspensions were centrifuged at 1500 g for 10 minutes at 4°C and supernatants were 

collected. Supernatants were stored at -20°C until analysis. 



 

 101 

 

Preparation of blood and nasal secretions 

Serum tubes were obtained and centrifuged at 3000 revolutions per minute (rpm) during 10 

minutes. The serum is then pipetted into Eppendorf tubes and stored at -20°C. Nasal 

secretions were obtained by placing merocels (IVALON 4000 Plus 3,5 x 0,9 x 1,2 cm surgical 

products Fabco, New London, CT) in each nostril during 5 minutes. The merocels were 

weighted before and after the adsorption of secretions. Then 3 ml of 0,9% NaCl solution was 

added and after 2 hours the merocels are centrifuged at 1500 g during 15 minutes and stored 

at -20°C until analysis.  

 

LIA to detect anti-ENA antibodies 

Anti-ENA were identified by INNO-LIA ANA Update (Innogenetics NV, Zwijnaarde, Belgium), 

a multiplex-based assay that has the advantage of testing for multiple reactivities 

simultaneously. The nylon strips used in this procedure contain the following antigens: 

recombinant SSA/Ro52, SSB/La, SmB,RNP-A, RNP-C, RNP-70, CENP-B, Scl-70/Topo-I, Jo-

1; synthetic peptides of SmD and Ribosomal P; and SSA/Ro60 and histones as natural 

antigens.  

 

Anti-dsDNA in tissue homogenates 

Antinuclear autoantibodies against dsDNA were significantly (p=0,010) elevated in 

homogenates of CRSwNP tissue [31,20 IU/mL (12,34 IU/mL – 84,09 IU/mL)] as compared to 

control tissue [7,70 IU/mL (5,46 IU/mL – 24,05 IU/mL)]. We further confirmed our results with 

an independent quantitative assay  (ELISA, Alpha diagnostic international, Texas, USA). The 

values in CRSwNP homogenates were confirmed to be significantly elevated as compared to 

control homogenates (p=0,031).  
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Statistical analysis 

The data generated in this study were analyzed using the software program SPSS version 22. 

Baseline characteristics were calculated and expressed in describing parameters and 

frequencies. By means of the Shapiro-Wilk test (considering the small sample size), the 

distribution of continuous variables was determined. Because the distribution is non-Gaussian, 

the non-parametric Mann-Withney U test was used to verify that unpaired samples belong to 

the same population. The Fisher’s Exact test was used to compare dichotomous 

characteristics of unpaired samples. Correlations between parameters were determined by the 

Spearman correlation coefficient. A P-value smaller than 0,05 was considered significant 

throughout the whole study. 
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CHAPTER 6 
ALCOHOL HYPER-RESPONSIVENESS  
IN CHRONIC RHINOSINUSITIS WITH NASAL POLYPS 
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Alcohol Hyper-responsiveness In Chronic Rhinosinusitis with Nasal Polyps 

Els De Schryver, Lara Derycke, Paloma Campo, Eline Gabriels, Guy F. Joos, Thibaut Van 

Zele, Claus Bachert,  Peter W. Hellings, Philippe Gevaert 

Clin Exp Alergy. 2017 Feb; 47(2):245-253 
Abstract 

BACKGROUND: An important percentage of subjects diagnosed with chronic upper airway 

disease report alcohol-induced worsening of their symptoms. The prevalence and 

characteristics of respiratory reactions provoked by alcohol-containing drinks has not been 

fully investigated yet. 

OBJECTIVE: The aim of this study was to estimate the prevalence and characteristics of 

alcohol hyper-responsiveness (HR) in patients with chronic airway disease and healthy 

controls. Furthermore, nasal inflammation was evaluated in nasal polyp patients with and 

without HR. 

METHODS: We evaluated the prevalence and characteristics of alcohol-induced respiratory 

complaints in 1281 subjects. Nasal polyp (CRSwNP) patients with and without NSAID 

exacerbated respiratory disease (NERD), chronic rhinosinusitis patients without nasal polyps 

(CRSsNP), allergic rhinitis (AR) patients and healthy controls were approached by means of a 

questionnaire. Inflammatory markers (ECP, IL-5, IgE, SAE specific IgE, IL-17, TNFα and IFNγ) 

in tissue were then compared between alcohol HR and non-HR CRSwNP patients. 

RESULTS: The highest prevalence of nasal and bronchial alcohol HR was observed in patients 

with NERD, followed by CRSwNP, and less frequent in CRSsNP, AR and healthy controls. 

Alcohol HR is significantly more prevalent in CRSwNP patients suffering from recurrent 

disease and in patients with severe symptomatology. In nasal tissue of the HR CRSwNP group 

we observed significantly higher nasal levels of the eosinophilic biomarker ECP. 

CONCLUSION & CLINICAL RELEVANCE: Nasal hyper-responsiveness to alcohol is 

significantly more prevalent in severe eosinophilic upper airway disease.  
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Introduction 

The main symptoms of chronic rhinosinusitis with nasal polyps (CRSwNP) are olfactory 

dysfunction, nose obstruction and nasal secretions, but patients may also complain of 

postnasal drip, facial pain or headache. Symptoms are not easily controlled and impair quality 

of life. Nasal polyps (NP) are frequently associated with asthma and non-steroidal anti-

inflammatory drug (NSAID) hypersensitivity. Inflammation in patients with CRSwNP and 

NSAID exacerbated respiratory disease (NERD) is most severe and recurrence rate of 

CRSwNP is high (1, 2).  

A significant portion of patients diagnosed with chronic inflammatory airway diseases report 

aggravation of airway symptoms after drinking alcohol-containing beverages (3), and a few 

clinical studies have demonstrated that alcohol is able to induce asthma exacerbations (4, 5). 

The epidemiology and characteristics of alcohol hyper-responsiveness have been explored 

mostly by questionnaires, focused in the general population and the asthmatic population (3, 

6, 7). In daily clinics, patient with CRSwNP often report increased symptoms upon intake of 

alcohol. Nevertheless, only few studies previously reported alcohol hyper-responsiveness in 

CRSwNP (3, 8) and little is known about inflammatory characteristics of this group.  

In the general population alcohol-induced nasal symptoms vary between 3.4% and 7.4% (3, 

6).  In the asthmatic population alcohol-induced upper and lower airway symptoms are more 

frequent and occur in 42.6% to 43% (7, 8). Percentages are similar in the case of CRSwNP 

(43%) and are highest in the NERD population (83%) (8). These reactions are generally not 

specific to one type of alcoholic beverage and often occur after ingestion of small amounts of 

alcohol (8). 

The mechanisms underlying the alcohol-induced aggravation of airway symptoms are largely 

unknown. A common pathway of NERD and alcohol hyper-responsiveness has been 

suggested (7, 8). Furthermore, it is not clear whether alcohol itself is responsible or non-

alcoholic additives are the main cause of these reactions. Generally, it is assumed that in the 

majority of patients the non-alcoholic components, such as histamines or sulphites are the 

main causes (7).  
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In order to assess epidemiology of alcohol hyper-responsiveness in chronic upper airway 

diseases and to explore characteristics of these reactions, we designed a questionnaire that 

assesses the alcohol hyper-responsiveness in detail in CRSwNP patients. Characteristics of 

the nasal polyp population and their disease were collected; and the presence of other 

sensitivities, including food components and environmental irritants was investigated. Control 

groups consisted of chronic rhinosinusitis patients without nasal polyps (CRSsNP), allergic 

rhinitis (AR) patients and healthy subjects. In a second part of the study inflammatory markers 

in nasal tissue were compared between CRSwNP patients with and without nasal alcohol HR.  

 

Methods  

Subjects 

We included 534 CRSwNP and for control purposes patients with CRSsNP (n=198), AR 

(n=369), and healthy volunteers (n=180). Although the true prevalence of CRSwNP is lower 

than CRSsNP, we intentionally weighed the survey population toward CRSwNP. CRSwNP, 

CRSsNP and AR patients were specialist-diagnosed according to the EPOS guidelines (9) and 

ARIA guidelines (10). These well-characterised patients were recruited from databases 

available in the University Hospitals in Ghent and Leuven, Belgium. Healthy volunteers were 

randomly selected in the general population. Exclusion criteria for healthy volunteers were the 

presence of nasal or lung symptoms and the diagnosis of CRSwNP, CRSsNP or AR. 

Questionnaires with missing answers to essential questions, subjects who did not confirm their 

diagnosis and patients with interfering nasal anomalies, such as cystic fibrosis, systemic 

diseases, autoimmune diseases or anatomical deviations, were excluded from the study. 

Written informed consents were obtained from all subjects. 
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Study design 

Questionnaire. The questionnaire comprised all relevant patient characteristics, including 

confirmation of diagnosis and assessment of co-morbidities, such as asthma, allergy, NSAID 

hypersensitivity and food allergy or hypersensitivity to common food allergens (including milk, 

peanuts, eggs, tree nuts, gluten, soy, mustard, lupine and celery). Next to disease 

phenotyping, disease severity was determined based on recurrence of nasal polyps, the need 

for repetitive treatments with oral steroids and antibiotics, and symptom control under their 

current treatment as evaluated by means of visual analogue scales (VAS). Recurrent CRSwNP 

was defined starting from at least 2 functional endoscopic sinus surgeries. A VAS score of 

more than 5 on a scale of 10 was considered as uncontrolled disease (11). Smoking and 

drinking habits were assessed. Airway hyper-responsiveness of upper and lower airways to 

alcohol and environmental or occupational irritants was documented. A list of symptoms was 

given to determine which symptoms occur after exposure: nasal hyper-responsiveness (HR) 

was defined as either nasal blockage and/or rhinorrhea with or without bronchial symptoms. 

Bronchial symptoms comprised: cough, wheezing, dyspnea and exacerbation of asthmatic 

symptoms. Again, bronchial alcohol HR was defined as at least one of the bronchial symptoms 

with or without nasal symptoms. Itching, facial swelling and allergic symptoms (skin rash, 

conjunctivitis…) were defined as ‘other symptoms’. Flushing was considered a physiologic 

phenomenon and is not represented as a hyper-responsive symptom. Respiratory alcohol HR 

was defined as either nasal alcohol HR or bronchial alcohol HR, or both. Characteristics of the 

nasal alcohol HR reaction were assessed, including type of causal beverage, quantity 

necessary to elicit symptoms, duration of symptoms and latency. Quantity was defined as 

‘units’ of alcoholic drinks, as volumes depend on the type of beverage. 

Six weeks after the initial questionnaire was sent, a reminder questionnaire was sent to the 

non-responders to increase response rate. The ethical committee of the Ghent University 

Hospital, Ghent, Belgium, approved the study (2014/0619).  
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Correlation with inflammatory markers. Nasal tissue collected during functional endoscopic 

sinus surgery in the Ghent University Hospital is routinely preserved when the patient 

consents. Therefore it was possible to retrospectively collect data on inflammatory markers, 

including ECP, IL-5, IgE, S. aureus enterotoxin-specific IgE, IL-17, TNFα and IFNγin 138 

responders with nasal polyps.  

 

Study endpoints. The primary endpoint of this study comprised the prevalence of alcohol 

hyper-responsiveness in CRSwNP subgroups and for control purposes in the allergic rhinitis, 

CRSsNP and healthy population.  

As secondary endpoints, we aimed to determine the most reported symptoms and triggering 

alcoholic drinks and the characteristics of the nasal hyper-responsiveness reaction (duration, 

latency…). Furthermore we aimed to evaluate inflammatory markers in CRSwNP with and 

without nasal alcohol HR. 

 

Statistical analysis 

A 2-tailed Fisher Exact test was used to examine categorical data. The Mann-Whitney U-test 

was used for continuous variables. The Kruskall Wallis test was used to compare continuous 

variables between multiple groups. In addition a multiple logistic regression test with age and 

gender as covariates was performed. A 2-sided P value of less than 0.05 was regarded as 

significant for all tests. The computer-based analysis program SPSS (version 22) was used 

for calculations. 
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RESULTS 

Demographics and characteristics of all respondents 

Questionnaires were sent to a total of 1281 subjects. A response rate of 65% was reached 

after the reminder. Only 3 questionnaires were excluded from analysis, as they were 

incomplete. More information can be found in Figure 1 and demographic characteristics of all 

respondents are detailed in Table 1.  

As compared to controls, patients with CRSwNP were older (p<0.001) and predominantly 

male (p=0.001). Asthma and NSAID hypersensitivity were far more reported by the nasal 

polyp group as compared to the CRSsNP, allergic rhinitis and healthy groups (p<0.001). 

Self-reported food allergy or hypersensitivity was more prevalent in chronic airway diseases 

as compared to healthy controls (p<0.001). Smoking habits were similar between groups. 

We found that 11.4 % of all responders never consumed alcohol or quit consuming alcohol. 

Interestingly, up to 23.7% of patients suffering from NSAID exacerbated respiratory disease 

(NERD) do not consume alcohol (see Table 2), which was significantly more than the control 

group (p=0.005). Except for smoking habits, there were no significant differences in 

demographic characteristics between subjects who consume alcohol and alcohol abstainers. 

In the population with CRSwNP and AR significantly more subjects smoke in the alcohol-
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consuming group as compared to the abstainer group (resp. P<0.001 and p= 0.023). Alcohol 

abstainers were excluded from further analysis. 

 

Figure 17. The data collection and selection of questionnaires for analysis. Characteristics including drinking 
habits were assessed for all 837 responders. Analysis of alcohol hyper-responsiveness was performed in 737 
responders who consume alcohol. Of these 369 
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Table 6: demographics and characteristics of respondent    

 

Table 1. The characteristics subjects in the different groups. Patients with NP are oldest and predominantly male. 
The CRSwNP co-morbidities asthma and NSAID hypersensitivity are more prevalent in CRSwNP. Self-reported 
food allergy or hypersensitivity is more prevalent in chronic airway diseases as compared to healthy controls. 
 

Table 7: drinking habits of respondents 

 

Table 2. The drinking habits in the different groups. The highest percentage of alcohol abstainers is situated in the 
nasal polyp group. Particularly in the case of NERD 23.7% (n=11) of patients never consumes alcohol. 

 

The prevalence of alcohol-elicited respiratory reactions  

All chronic airway disease groups reported significantly more respiratory alcohol HR (p < 

0.0001), and nasal alcohol HR (p < 0.0001) as compared to control patients. Bronchial 

reactions were significantly correlated with the presence of concomitant asthma (p<0.0001). 

We found no significant difference in respiratory alcohol HR between patients with NERD and 

nasal polyp patients with concomitant asthma. However, NERD patients reported significantly 

more alcohol HR as compared to all the other groups, namely CRSwNP without concomitant 

asthma or NSAID hypersensitivity, CRSsNP, AR and the control group (Figure 2). There was 

no significant difference in respiratory or nasal hyper-responsiveness between CRSwNP 

patients without concomitant asthma and CRSsNP and allergic rhinitis patients. Neither was 

there a significant difference between CRSsNP and AR patients. 

CRSwNP CRSsNP AR Control

Number, n 420 97 137 180

Gender, female/male 142/278 43/54 84/53 87/93

Age, Median (IQR) 57 (46-65) 52 (41-62) 37 (28-52) 51 (33-63)

Allergy, n (%) 198 (47,6) 33 (34) 137 (100) 0 (0)

Asthma, n (%) 178 (42,4) 14 (14,6) 30 (22,1) 0 (0)

NERD, n (%) 77 (18,3) 6 (6,3) 4 (2,9) 4 (2,2)

Food allergy or 

hypersensitivity, n (%).      
77 (18,4) 21 (22,1) 34 (24,8) 13 (7,3)

Previous FESS, n (%) 337 (83,6) 77 (88,5) 11 (8,7) 0 (0)

Recurrence, n (%) 90 (21,4) NA NA NA

Smoker, n (%) 44 (10,5) 8 (8,2) 16 (11,7) 23 (12,8)

Alcohol abstainer, n (%) 58 (13,8) 11 (11,3) 12 (8,8) 14 (7,8)

CRSwNP NERD CRSwNP asthma CRSwNP alone CRSsNP AR Control

Alcohol abstainer, n (%) 11 (23.7%) 20 (14.3%) 27 (11.2) 11 (11.3%) 12 (8.8%) 14 (7.8%)

Units of alcohol/week, Median (IQR) 4 (0.5-10) 5 (2-10.75) 4 (1-10) 5 (2-10) 4 (2-7) 5 (2-10)
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Figure 18. The prevalence of alcohol hyper-responsiveness in different groups by means of histograms. Alcohol 
Hyper-responsiveness (HR) is significantly higher is all groups marked with * (p < 0.05) or ** (p < 0.001). AHR is 
not significantly different between NERD 

 
 
The prevalence and type of respiratory reactions induced by alcohol in each group is 

summarized in Figure 2. Respiratory alcohol hyper-responsiveness was reported by 62.9% 

of respondents with NERD, 45.9% CRSwNP patients and concomitant asthma, 31.6 % of 

CRSwNP patients without asthma, 26.2% of respondents with CRSsNP, 25.8% of 

respondents with allergic rhinitis and 3.7% of healthy responders. Alcohol ingestion was 

more associated with the induction of nasal than bronchial complaints (p <0.0001) (Figure 2). 

Nasal blockage was the symptom most commonly associated with the consumption of 

alcoholic drinks followed by rhinorrhea (data not shown).  
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Figure 19. The prevalence of nasal hyper-responsiveness (HR) (% of total) in respect to the severity of nasal polyp 
disease. Nasal HR is significantly more prevalent in recurrent disease (p=0.008), in CRSwNP with uncontrolled 
symptoms ( p<0.001), in nasal polyp patients necessitating oral steroids (p=0.041) and antibiotics (p=0.002) and 
when case of concomitant asthma (p=0.005) or NSAID hypersensitivity (p=0.010) 

 

As population characteristics regarding age and gender differ among upper respiratory 

diseases (12), we performed a multiple logistic regression test with age and gender as 

covariates. The odds of alcohol HR remained significantly higher in CRSwNP as compared to 

controls, CRSsNP and AR and were not influenced by gender (p=0.082), although, the odds 

of having AHR decreased with age (p=0.002). 

Within the nasal polyp population, the prevalence of nasal alcohol HR was significantly higher 

in subgroups with a more severe and symptomatic disease, as concluded from recurrence of 

nasal polyps (p=0.008), a VAS score of more than 5 (p<0.001), the need for repetitive 

treatments with oral steroids (p=0.041) and antibiotics (p=0.002), and the presence of 

concomitant asthma (p=0.005) and NSAID hypersensitivity (p=0.010). 
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Characteristics of nasal alcohol hyper-responsiveness  

Nasal alcohol HR was not limited to one type of beverage but most alcohol-containing drinks 

appeared to cause symptoms, except for CRSwNP without asthma and CRSsNP subjects who 

reported respectively red and white wine as most forceful trigger (Figure E.1). Patients with 

chronic airway disease reported to experience nasal complaints in only in half of the times 

subsequent to drinking alcohol (Figure E.2.). Symptoms develop within an hour in 50.5% of 

CRSwNP, 41.2% of CRSsNP and 44.4% of AR patients. The remaining patients and the 

control group indicated it takes more than 1 hour but less than 1 day for nasal symptoms to 

develop (Figure E.3). Symptoms endure more than 1 hour, but less than 1 day in the majority 

of patients in the inflammatory groups, although in half of the control patients symptoms persist 

longer than a day (Figure E.4). The quantity necessary to develop nasal alcohol HR in chronic 

upper airway diseases varies from 1 to more than 3 units. In contrast, 1 unit appeared not 

sufficient to induce symptoms in control patients (Figure E.5). The quantity of units before 

symptoms develop was significantly correlated with the time of onset of symptoms in CRSwNP 

(p<0.001), AR (p<0.001) and CRSsNP (p=0.048). The group of controls with nasal alcohol HR 

(n=6 out of 166) was underpowered for statistics. The quantity necessary, time of onset and 

duration of nasal alcohol HR could not be correlated with any other factor in any group, except 

for the AR where the onset of symptoms was significantly later in younger patients (p=0.015). 

All patient groups reported more severe alcohol-induced upper airway symptoms as compared 

to healthy controls (Figure E.6).  

Patients with CRSwNP or AR experienced nasal alcohol HR before their diagnosis was set. In 

the case of CRSsNP, nasal alcohol HR developed after diagnosis (Figure E.7). 

 

Inflammatory markers in nasal polyps from patients with alcohol hyper-responsiveness  

Tissue of 138 CRSwNP patients was phenotyped by measurement of ECP, IL-5, IgE, SAE-

specific IgE, IL-17, TNFα and IFNγ. ECP levels in nasal tissue were significantly higher in 

CRSwNP patients with nasal alcohol HR (p=0.018) (see Figure 4). Tissue levels of IL-5, IgE,  
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Figure 20. Eosinophilic cationic protein (ECP) levels in chronic rhinosinusitis with nasal polyps (CRSwNP) with and 
without nasal alcohol hyper-responsiveness (HR) by means of a scatterplot with median and interquartile range. 
Levels are significantly higher in CRSwNP and alcohol HR (p=0.018) 

SAE-specific IgE, IL-17, TNFα and IFNγ did not differ significantly between patients with or 

without nasal alcohol HR.  

 

Discussion 

The prevalence of alcohol hyper-responsiveness in patients with chronic airway disease and 

healthy controls was assessed; and subsequently responders with CRSwNP were phenotyped 

when possible. We found that the prevalence of alcohol HR and alcohol abstinence parallels 

the severity of the chronic upper airway pathology. Furthermore, nasal alcohol HR is 

significantly more frequent in CRSwNP patients with uncontrolled symptoms and recurrent 

disease. Nasal tissue ECP expression is significantly higher In CRSwNP with nasal alcohol 

HR as compared to non-HR patients 

In line with the literature, we found that upper respiratory reactions to alcoholic beverages are 
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more prevalent than lower respiratory reactions (8). Next to the possibility that the nasal 

mucosa could be more prone to the alcohol trigger, the preponderance of nasal symptoms 

could also be influenced by our patient selection as we focussed on chronic upper respiratory 

diseases. Furthermore, it has been reported that alcohol-elicited lung symptoms are most 

frequently reported in the asthmatic population (7). Indeed, our results show that bronchial 

reactions are significantly correlated with the presence of concomitant asthma (p<0.0001). 

Although it has been reported that respiratory reactions to alcohol are not determined by the 

severity of pulmonary disease in the NERD population (8), we found that nasal alcohol HR is 

related to severity of upper respiratory inflammation. The prevalence of alcohol hyper-

responsiveness is as high as 57.1% in the NERD subgroup, the most severe end of nasal 

polyp disease spectrum. Furthermore, nasal alcohol HR is significantly more prevalent in 

patients with a more severe and symptomatic form of nasal polyp disease.  

We chose to use the term ‘alcohol hyper-responsiveness’, as we believe that symptoms in 

response to ingestion of alcohol are not a consequence of ‘hypersensitivity’ or ‘allergy’ to 

alcohol, but rather a symptom of severe inflammation. 

We found a recurrence rate of 43.1% in the CRSwNP population, which is slightly more than 

the 36% that we found in the 12-year follow up study (forthcoming). This could be explained 

as patients with more severe disease appear to experience more nasal alcohol HR, and these 

patients are thus more likely to respond to the questionnaire.  

Interestingly, nasal symptoms do not always occur after alcohol consumption. Hyper-

responsiveness might depend on simultaneous intake of food and on disease control. For 

example, patients suffering from seasonal allergy may experience more nasal alcohol HR 

during the pollen season and nasal alcohol HR in nasal polyp patients may improve during 

treatment with oral steroids or shortly after surgery; or conversely, worsen during 

exacerbations.  

The quantity necessary to induce nasal alcohol HR is very variable in patients with CRSwNP. 

An important percentage of these patients develop symptoms rapidly, which could explain that 

fewer units are consumed before symptoms develop. For controls nasal symptoms occur after 
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at least 1 unit, and in general they experience symptoms later and longer as compared to the 

subjects with respiratory inflammation.  

In the future an interventional study challenging patients with pure diluted alcohol and other 

beverages (wines or beers) is needed to investigate the mechanism of alcohol hyper-

responsiveness.  

Several questions have to be addressed. First alcohol may influence immunology, or 

conversely the altered immunology in chronic airway diseases may cause the respiratory 

reactions upon exposure to alcohol. Several studies propose alcohol could cause eosinophilic 

inflammation (13) or induce IgE (14) supporting the first possibility (15). The latter hypothesis 

is analogous to reports in NERD, suggesting respiratory mucosal inflammatory disease could 

be the underlying mechanism in aspirin hypersensitivity (16, 17).  Our results show that many 

CRSwNP experienced alcohol HR before the diagnosis of CRSwNP was made. However 

diagnosis is often delayed as polyps can only be visualized by endoscopy, so nasal polyps 

could already be present before or at the same time that the nasal alcohol HR developed.  

The role of additives is another question when considering the mechanisms of alcohol-elicited 

reactions. Additives could contribute to the exacerbation of upper and/or lower airway 

symptoms (18-21). Sulphites (19), salicylates (8) and histamine (22, 23) are well-known 

additives to alcoholic beverages (21). Analogous to data published by Cardet and Nihlen (3, 

8), our data confirmed that all types of alcohol-containing beverages elicit hyper-

responsiveness, suggesting that substances common to all beverages cause respiratory 

reactions. In contrast to additives, alcohol is certainly a common ingredient. Furthermore, 

subjects reporting respiratory symptoms to alcohol did not indicate hyper-responsiveness to 

sulphite-containing foods (for example dried fruit), or histamine-rich foods (for example aged 

cheeses). In addition, it has been reported that sulphite hypersensitivity is very rare in the non-

asthmatic population (24) and that treatment with loratadine has an effect on red wine-induced 

rhinorrhea, but not on the dominating symptom: nasal obstruction (25). Taken together sulphite 

or histamine hypersensitivity cannot completely explain alcohol hyper-responsiveness in our 

population. 
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In contrast, we found that allergy or hypersensitivity to common food allergens (milk, peanuts, 

eggs, tree nuts, gluten, soy, mustard, lupine, celery…) is more prevalent in the alcohol hyper-

responsive population. There is a strong link between food allergy and asthma (26), and as 

there are significantly more asthma patients in the nasal AHR group this could represent a 

possible explanation. 

Finally, nasal symptoms upon alcohol consumption could be caused by non-specific 

mechanisms, including vasodilatation (27). However, alcohol hyper-responsiveness is 

uncommon in controls rendering non-specific mechanisms less likely. 

Clinical implications of this study include patient education, since alcohol can be avoided to 

reach better symptom control. Furthermore, the higher prevalence of polyp recurrence in the 

group with nasal alcohol HR is important for both the patient and the surgeon. Secondly, we 

suggest avoidance of topical medication with alcohol -based carrier in clinical practice or in 

clinical trials as the nasal mucosa might react to direct application. Thirdly, our findings help to 

further unravel mechanisms in CRSwNP pathogenesis. It has been suggested that alcohol 

hyper-responsiveness and aspirin hypersensitivity share a common pathogenesis (8). We 

agree that both phenomena are a consequence of the altered microenvironment in chronic 

inflammatory airway diseases. 

Limitations in this study are inherent to data collection by means of a questionnaire. Disease 

severity in the patient groups was self-reported, as is the absence of any nasal or lung disease 

in healthy volunteers or the presence of aspirin exacerbated respiratory disease. The latter 

could explain that the hyper-responsive rate in NERD (62.9%) was lower than reported by 

Cardet et al (80%).  

Furthermore, it should be considered to what extent response bias could have influenced 

results. It cannot be excluded that prevalence might be higher or lower than estimated here, 

as patients experiencing alcohol-related symptoms are probably more likely to respond, but 

conversely certain subjects did not want to fill in the questionnaire because we asked for 

drinking habits, which is a sensitive issue. The questionnaire was not validated and the 

extensiveness could result in bias due to ‘responder fatigue’. Finally, alcohol abstainers were 
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not questioned on characteristics of alcohol hyper-responsiveness. These patients were thus 

not included in the analysis of the hyper-responsive group and consequently we found a lower 

percentage of alcohol avoidance in this group as compared to the non- hyper-responsive 

group. Although the reason these patients abstained from alcohol was not asked in this 

questionnaire, many nasal polyp patients probably avoid alcoholic beverages after 

experiencing alcohol-induced symptom exacerbation.   

 

In conclusion, we found that alcohol HR is significantly more prevalent in the case of chronic 

airway inflammation. Prevalence of these reactions increases with increasing disease severity, 

and was highest in NERD, the severe end of the spectrum of chronic inflammatory nasal 

diseases. Furthermore, in CRSwNP nasal alcohol HR is significantly more frequent in more 

severe and uncontrolled symptomatic subgroups. Local ECP levels are significantly higher in 

the alcohol HR CRSwNP population. To conclude our results suggest that airway hyper-

responsiveness to alcohol-containing liquids is related to the severity of airway inflammation.  
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Supplemental information 

 

These additional figures summarize the characteristics of nasal alcohol HR, which was present 

in 35,8% of patients with CRSwNP. Among them, prevalence was highest in subjects with 

CRSwNP and asthma (40,9%) and in the subgroup with asthma and NSAID intolerance 

(57,1%). Nasal hyper-responsiveness to alcohol was also reported by 21,4% of CRSsNP 

subjects, 23,4% of AR patients and 3,1% of healthy controls. Data is thus shown for 129 

CRSwNP patients (NERD n=20, CRSwNP with asthma n=45, CRSwNP patients without 

asthma n=64), 18 CRSsNP patients, 29 AR patients and 5 control subjects.   

 
Figure I 
 

 
Figure I. The causal beverages for the induction of nasal alcohol HR in the different groups. In CRSwNP without 
asthma and in CRSsNP wines appear to be the most forceful triggers, whereas in all other groups all types of 
alcoholic beverages are most reported to cause nasal alcohol HR. 
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Figure II 
 

  
Figure II. Frequency of  nasal alcohol HR after consumption of beverages. In patients with chronic nasal 
inflammation 5,6% - 19,8 % indicates nasal alcohol HR always occurs. None of the 6 healthy controls with nasal 
alcohol HR experiences symptoms each time alcohol is consumed. ‘Mostly’ is defined as in more than 50% of the 
times alcohol is consumed. 
 
Figure III 
 

  
Figure III. The latency between drinking and the occurrence of nasal symptoms in the different groups. In 
approximately half of the patients diagnosed with a chronic inflammatory nasal disease, symptoms occur within 
an hour. In the other half symptoms develop within the day of alcohol consumption, except for 3,7 % of allergic 
rhinitis patients where it takes more than a day. In contrast, all 6 controls with nasal alcohol HR report it takes 
more than one hour but less than a day for symptoms to develop. 
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Figure IV 
 

 
Figure IV. The duration of nasal symptoms in the different groups. The majority of patients with chronic 
inflammatory nasal disease report that symptoms resolve the same day as they develop. In contrast symptoms 
persist more than a day in 50% of controls with nasal alcohol HR. 
 
Figure V 
 

 
Figure V. The quantity of alcohol needed to elicit nasal alcohol HR. One unit is sufficient to develop nasal alcohol 
HR in about one-third of the chronic upper airway diseases. In control patients 1 unit is not sufficient to induce 
symptoms.  
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Figure VI 
 

 
Figure VI. The severity of alcohol-elicited nasal symptoms. Nasal alcohol HR symptoms are more severe in 
patients with chronic nasal inflammation as compared to healthy controls with nasal alcohol HR. 
 
Figure VII 
 

 
Figure VII. Nasal alcohol HR was present before diagnosis or developed at the same time of diagnosis for the 
majority of CRSwNP or allergic rhinitis patients. In the case of CRSsNP, nasal alcohol HR developed after the 
diagnosis
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CHAPTER 7 
THE EFFECT OF SYSTEMIC TREATMENTS ON PERIOSTIN 
EXPRESSION REFLECTS THEIR INTERFERENCE WITH THE 
EOSINOPHILIC INFLAMMATION IN CHRONIC RHINOSINUSITIS 
WITH NASAL POLYPS 
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The effect of systemic treatments on periostin expression reflects their interference 

with the eosinophilic inflammation in chronic rhinosinusitis with nasal polyps 

Els De Schryver, Lara Derycke, Lien Calus, Gabriele Holtappels,Peter W. Hellings, Thibaut 

Van Zele, Claus Bachert, Philippe Gevaert 

Rhinology. 2017 Jun 1;55(2):152-160. 
Abstract 

BACKGROUND: Periostin is a recently discovered biomarker for eosinophilic inflammation. 

Chronic rhinosinusitis with nasal polyps is a T-helper 2-skewed chronic inflammatory airway 

disease. Medical treatments aim to relieve symptoms and maintain clinical control by 

interfering with the inflammatory cascade. The effect on nasal and serum periostin levels is 

however yet unknown. We aimed to evaluate the effect of omalizumab, mepolizumab, 

methylprednisolone and doxycycline on nasal and systemic periostin expression.  

METHODS: This study is based on 3 previously published trials. Nasal and systemic periostin 

were assessed in CRSwNP patients, randomly assigned to receive doxycycline (n=14), 

methylprednisolone (n=14), mepolizumab (n=20) or omalizumab (n=15). There was a control 

group for each treatment scheme. Doxycycline (200 mg on the first day, followed by 100 mg 

once daily) and methylprednisolone (32-8 mg once daily) were administered during 20 days; 

mepolizumab was injected at baseline and at 4 weeks. Omalizumab was injected every 2 or 4 

weeks, following the official drug leaflet.  

RESULTS: Methylprednisolone and omalizumab significantly reduced serum periostin levels 

at 4 and 8 weeks, respectively, after the start of the treatment. The effect of methylprednisolone 

was transient. Nasal periostin levels decreased significantly after 8 weeks of treatment with 

mepolizumab. The periostin expression is in accordance with the previously reported effect on 

the eosinophilic inflammation and clinical outcome.  

CONCLUSION: All treatment options distinctly influence periostin expression, reflecting the 

interference with the local or systemic eosinophilic inflammatory cascade.  
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Introduction 

Chronic rhinosinusitis with nasal polyps (CRSwNP) is a chronic inflammatory disease affecting 

4% of the general population (1), with an overall recurrence rate of 60% (2). Although the 

inflammatory pattern varies and different endotypes exist, a T helper 2 (TH2) inflammation with 

eosinophilia, local IgE upregulation and oedematous tissue remodelling are striking features 

in most CRSwNP patients (3, 4). Interleukin (IL)-5 and eosinophilic cationic protein (ECP), 

seem to be crucial in the regulation of the eosinophilic inflammation. The sIL-5Rα receptor 

mediates the biological signal of IL-5 and this receptor is more abundant in nasal polyps as 

compared to control tissue (5). MMPs play an important role during inflammation by degrading 

extracellular matrix components. MMP-9 is elevated and has a known pathogenic effect in 

CRSwNP (6-8). Periostin is a quite recently discovered marker downstream of IL-4-/IL-13-

signals. It is considered a biomarker for eosinophilic inflammation in airway disease (9, 10) 

that could help to refine CRSwNP phenotypes. A serum periostin cut-off value of 25 ng/mL 

was suggested to predict airway eosinophilia in asthmatics (10). Furthermore, the EXTRA 

study reported 50 ng/ mL as the median serum periostin value in 534 patients with uncontrolled 

severe persistent asthma (11).  

Understanding of the pathogenesis of nasal polyps has increased tremendously over the past 

decades, but the management of nasal polyps remains challenging. Non-surgical treatment is 

a lifelong necessity to control symptoms, infections and recurrences. When a combination of 

saline irrigation, topical nasal steroids/oral steroids, and antibiotics is not sufficient surgery is 

indicated. Even after surgical removal of the polyps recurrences are common (2). For patients 

necessitating repeated surgery TH2- directed treatments, including omalizumab and 

mepolizumab become of interest. Though, these treatments are only effective in a selected 

population. 

Glucocorticosteroids have potent anti-inflammatory effects. There is strong evidence for 

intranasal steroids in the treatment of nasal polyps, which is the standard first-line treatment 

(12). In case of insufficient disease control, oral corticosteroid courses are prescribed. It is 
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generally accepted that methylprednisolone has an important effect on nasal symptoms and 

polyp size (13). Secondly, doxycycline is commonly prescribed to treat nasal polyps. The 

rationale is that doxycycline exerts biological functions independent from their antimicrobial 

effect. Importantly, doxycycline is suitable to treat Staphylococcus aureus (14). A chronic 

colonization with this microorganism is much more frequent in patients with nasal polyps than 

in the general population and this is thought to contribute to maintenance of inflammation and 

disease progression. Inhibition of IL-5 with for example mepolizumab, a humanized anti-IL-5 

monoclonal antibody, is a potential therapeutic approach in patients with severe eosinophilic 

nasal polyposis (15). Indeed, IL-5 is the most important eosinophilopoietin, with a role in the 

production, recruitment, activation and survival of eosinophils. Finally, blocking IgE, with for 

example omalizumab, a human anti-IgE monoclonal antibody is a novel medical treatment 

option for certain patients with nasal polyps (16). Local IgE formation has been described in 

nasal polyps. This IgE is functional and also thought to play a key role in pathogenesis. 

Omalizumab can be indicated to treat adults and children 12 years of age and older with 

moderate to severe persistent asthma or chronic idiopathic urticaria if symptoms are not 

controlled by conventional treatment. We previously demonstrated the effectiveness of these 

treatments in CRSwNP by means of randomized placebo-controlled studies (14, 15, 17). Here 

we assess the influence of these drugs on serum periostin. Indeed, serum periostin levels are 

shown to de- crease in asthma after treatment with oral prednisolone (18) and lebrikizumab, 

an anti-IL-13 monoclonal antibody (19). Furthermore, this marker could hold promise in 

predicting responsiveness to TH2-directed therapies, as suggested for asthma. For example, 

high levels of periostin predict response to omalizumab (11) and to lebrikizumab (20, 21) in 

severe refractory asthma. We aimed to evaluate the effect of omalizumab, mepolizumab, 

methylprednisolone and doxycycline on nasal and systemic periostin expression, as this could 

provide additional information on the mode of action.  
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Materials and methods  

Study design  

This study is based on three previously published double-blind randomized controlled trials 

(RCTs). In these RCTs patients were randomly assigned to receive either: methylprednisolone 

capsules, doxycycline capsules, intravenous injections of mepolizumab, subcutaneous 

injections of omalizumab, or placebo (14-16). 

 

A corresponding placebo control group was provided for each dosage scheme of the 

interventional medication in each study separately (figure 1). In total, 100 patients with bilateral 

nasal polyps were included. Doxycycline (200 mg on the first day, followed by 100 mg once 

daily) and methylprednisolone (32-8 mg once daily) were administered during 20 days; 

mepolizumab was injected at baseline and at 4 weeks. Omalizumab was injected every 2 or 4 

weeks, following the official drug leaflet. Full details on the trials are described in the 

supplemental information at the end of this chapter.  

The effect of these treatments on periostin, the inflammatory cascade and clinical outcome 

were put in respect to each other at 4 and 8 weeks after the start of the treatment. 

Periostin was measured by means of an immunoassay (Genentech, South San Francisco) in 

preserved serum samples and nasal secretions, collected during the RCTs. The method of 

human specimen collection and processing has previously been described (22). In short, 

serum tubes were collected and centrifuged at 3000 revolutions per minute (rpm) during 10 

minutes. The serum is then pipetted into Eppendorf tubes and stored at -20°C. Nasal 

secretions were obtained by placing merocels (IVALON 4000 Plus 3,5 x 0,9 x 1,2 cm surgical 

products Fabco, New London, CT) in each nostril during 5 minutes. The merocels were 

weighted before and after the adsorption of secretions. Then 3 ml of 0,9% NaCl solution was 

added and after 2 hours the merocels are centrifuged at 1500 g during 15 minutes and stored 

at -20°C until analysis. 
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Figure 21. study design 

Other key inflammatory markers were previously published and include nasal ECP, IL-5, sIL-

5Rα, total IgE, MMP-9 and MPO; and serum ECP, sIL-5Rα, total IgE and peripheral blood 

eosinophil counts (14-16). The clinical outcome was reproduced from previously published 

data and comprised the total polyp score (TPS) and the total symptom score. The size of nasal 

polyps was scored from 1 to 4 by means of endoscopy: 0, no polyps; 1, small polyps in the 

middle meatus not reaching below the inferior border of the middle concha; 2, polyps reaching 

below the lower border of the middle turbinate; 3, large polyps reaching the lower border of the 

inferior turbinate or polyps medial to the middle concha; and 4, large polyps causing complete 

obstruction of the inferior meatus (15, 17). The TPS is the sum of the right and left nostril 

scores. The total symptom score is the sum of individual symptom scores, namely anterior 

rhinorrhea, nasal obstruction, postnasal drip, and loss of sense of smell. All symptoms were 

scored as followed: 0, no symptoms; 1, mild symptoms; 2, moderate symptoms; and 3, severe 

symptoms.  
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Ethics  

The ethics committee of the Ghent University Hospital approved all 3 studies and a written 

informed consent was obtained from all patients. The trials were undertaken in compliance 

with Good Clinical Practice guidelines and the ethics principles set out in the Declaration of 

Helsinki.  

 

Statistical analysis  

Baseline parameters were calculated and expressed in describing parameters and frequencies 

using the software program SPSS version 22. The Chi Square test was used to perform a post-

hoc comparison of the prevalence of categorical baseline characteristics between groups. The 

non-parametric Kruskall Wallis test was used to compare baseline continuous variables and 

to verify that periostin levels are comparable between treat- ment groups. The non-parametric 

Spearman’s Rank Correlation Coefficient (ρ) describes correlations between baseline serum 

periostin and other parameters at baseline. Levels of periostin at 4 weeks and 8 weeks after 

the start of the treatment were com- pared to baseline levels in each group by means of the 

Wilcoxon test with Bonferroni correction.  

The change in TPS was the primary end point in all three RCTs and statistics have been 

performed in the former studies (14,15,17), therefore statistical analysis of clinical endpoints 

(TPS, TSS) was not repeated. We refer to the supplemental part for more information.  
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Results  

Patient characteristics at baseline  

The baseline characteristics are depicted in table 1. Asthma (p = 0,001) and aspirin intolerance 

(p = 0,044) was significantly more present in the omalizumab treated patients whereas 

doxycycline treated patients were less frequently asthmatic. In this context baseline nasal IL-

5 (p=0.001), serum total IgE (p=0.022) and serum ECP (p=0.003) significantly differed 

between groups.  

 Table 8: Baseline characteristics 

             

PLACEBO OMALIZUMAB MEPOLIZUMAB METHYL-PREDNISOLONE DOXYCYCLINE

GENERAL  CHARACTERISTICS

Number, n 37 15 20 14 14

Gender,
female/male

10/27 3/12 6/14 2/12 3/11

Age,
mean (SD)

50,39 (12,48) 49,27 (9,69) 50,05 (8,86) 48,64 (12,08) 52,29 (17,68)

Allergy n (%) 20 (54,1) 6 (40) 10 (50) 6 (42,9) 2 (14,3)

Asthma, n (%) 16 (43,2) 15 (100) 10 (50) 6 (42,9) 4 (28,6)

NERD, n (%) 9 (24,3) 8  (53,3) 5 (25) 2 (14,3) 1 (7,1)

CLINICAL CHARACTERISTICS

TSS,
median (IQR)

8,50 (6-9) 7 (6-10) 8 (7-9) 7 (4-8,25) 5,50 (4-10)

TPS,
median (IQR)

6 (5,25-7,00) 6 (4-6) 6 (4-6) 6 (5,75-6) 6 (4,75-7,00)

Previous
FESS, n (%)

24 (64,9) 13 (86,7) 16 (80) 11 (78,6) 6 (42,9)

Recurrence,
n (%)

23 (62,2) 13 (86,7) 14 (70) 11 (78,6) 6 (42,9)

Smoking,
n (%)

4 (11,1) 2 (13,3) 5 (25) 4 (28,6) 3 (21,4)

NASAL SECRETIONS

Periostin (ng/mL)
Mean (SEM)

1099,39 (239,77) 1253,78 (504,63) 818,63 (331,73) 617,43 (241,27) 455,75 (241,69)

Total IgE (kU/L)         
Mean (SEM)

140,88 (50,54) 49,85 (16,62) 63,52 (28,58) 84,76 (43,52) 23,84 (11,76)

IL-5 (pg/mL)         
Mean (SEM)

100,32 (23,83) 90,43 (27,14) 96,94 (23,75) 46,49 (20,78) 38,06 (27,71)

ECP (µg/L)            
Mean (SD)

601,54 (113,57) 452,56 (94,35) 914,57 (199,37) 515,62 (229,63) 853,57 (600,52)

sIL-5Rα (pg/mL)               
Mean (SEM)

771,10 (160,03) 664,30 (188,55) 586,28 (178,94) 318,32 (82,66) 426,01 (125,23)

MPO (ng/mL)                                             
Mean (SEM)

6036,57 (1953,14) 3585,78 (1205,07) 10612,83 (3944,80) 18539,35 (11848,27) 22001,32 (14589,26)

MMP9 (ng/mL)                  
Mean (SEM)

4990,24 (1432,44) 5504,12 (1477,73) 8464,32 (2852,27) 5440,04 
(2811,37)

9398,88 (6283,58)

SAE IgE, n (%) 3 (8,6) 1 (6,7) 1 (5,6) 2 (14,3) 1 (7,1)

SERUM

Periostin (ng/mL) 
Mean (SEM)

81,08 (3,77) 90,03 (12,45) 79,15 (6,15) 73,86 (5,13) 69,91 (3,89)

Total IgE (kU/L) 
Mean (SEM)

169,78 (44,59) 129,08 (25,91) 204,45 (79,53) 308,81 (82,90) 78,55 (21,71)

ECP (µg/L)
Mean (SEM)

34,00 (5,28) 37,27 (7,62) 40,64 (6,30) 19,78 (3,18) 14,37 (2,05)

sIL-5Rα (pg/mL)
Mean (SEM)

289,38 (21,73) 324,23 (58,35) 348,42 (28,85) 303,41 (21,83) 267,50 (30,73)

Eosinophils/μL
Mean (SEM)

433 (42,68) 519,93 (74,80) 408,45 (53,00) 476,43 (72,06) 320,57 (59,71)

SAE IgE, n (%) 20 (55,6) 9 (60) 8 (40) 11 (78,6) 5 (35,7)
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Baseline nasal periostin was significantly correlated with the asthma co-morbidity (p=0.011) 

and serum levels significantly correlated with NSAID exacerbated respiratory disease at base- 

line. (p=0.048). Periostin expression was higher in the nose as compared to serum (p=0.052), 

but the difference in nasal and serum periostin between treatment groups was not significant 

(respectively p=0.211 and p=0.563).  

 

Change of nasal and serum periostin as compared to baseline

Nasal periostin (figure 2A) was significantly reduced by mepolizumab (p=0.04) at 8 weeks after 

the start of the treatment. Nasal periostin levels were 401,5 ng/mL lower after 8 weeks of 

mepolizumab treatment (SEM 280,4; from 818,6 ng/mL to 417,1 ng/mL) (Table 1). Four weeks 

of doxycycline treatment reduced the mean nasal periostin by 206,1 ng/mL (p=0.084).  

Serum periostin (figure 2B) was significantly reduced by methylprednisolone (p=0.004) and by 

omalizumab (p=0.004), respectively at 4 and 8 weeks after the start of the treatment. Four 

weeks of methylprednisolone treatment reduced the mean serum periostin with 11,1 ng/mL 

(SEM 2,6; from 73,9 ng/mL to 62,8 ng/mL). Serum periostin levels were 15,5 ng/mL lower after 

8 weeks of omalizumab treatment (SEM 5,0; from 90,0 ng/mL to 74,5 ng/mL) (Table 1).  

 

Figure 22. Nasal and serum periostin (change from baseline) 
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Change of polyp and symptom scores  

The clinical parameters were published in the original studies and reproduced. The effects on 

TPS of the various treatment options were put in respect to each other. In the 

methylprednisolone treated group an early maximal decrease in polyp size was observed, but 

at week 8 the effect was extenuated. Administration of doxycycline reduced TPS in a gradual 

manner. Omalizumab and mepolizumab strongly improve polyp scores. 

All treatments markedly improve the total symptom score except for doxycycline, although it 

had an evident effect on post-nasal drip. Figure 3 illustrates the difference in effect of the 

different treatment options on the evolution of the total polyp score and total symptom score. 

The mean change in periostin correlated significantly with the clinical improvement. The mean 

change in TPS correlated with the change in serum periostin (p=0.026 at 8 weeks) and nasal 

periostin (p=0.015 at 4 weeks). The mean change in TSS significantly correlated with the 

change in serum periostin (4 weeks p=0.005; p=0.001 at 8 weeks).  

 
Figure 23. The effect of the different treatment options on total polyp scores and total symptom scores (mean 
change to baseline). These results are reproduced from the original trials.  
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Overview of the effect of systemic treatments on periostin and on the inflammatory cascade 

          Methylprednisolone 

In the methylprednisolone treated patients there was a significant reduction in serum periostin 

(p= 0.004). There was also an early reduction of systemic and nasal eosinophilic markers at 

week 4. After cessation of oral steroid treatment, serum and nasal periostin expression 

mounted above baseline and blood eosinophil counts rebounded, as did all other eosinophilic 

biomarkers (figure 4).  

Doxycycline  

Nasal periostin was reduced after 4 weeks of treatment with doxycycline (p=0.084), although 

this result did not reach significance. In accordance, other nasal inflammatory markers were 

inhibited and doxycycline most potently reduced local MMP-9 and local MPO (figure 4).  

Omalizumab  

Omalizumab effectively blocked serum periostin (figure 2) and interrupted the systemic 

eosinophilic cascade, whereas local markers remained unchanged (figures 4 and 5). Nasal 

and serum total IgE levels increased importantly during omalizumab treatment. 

         Mepolizumab 

Treatment with mepolizumab suppressed systemic and nasal periostin levels, the latter 

reached significance after 8 weeks of therapy (p=0.044). Consistently, this treatment strongly 

reduced nasal and systemic key inflammatory markers (figures 4 and 5) and depleted blood 

eosinophil counts, with mean values decreasing from 408,5/μL at baseline to 53,8/μL at 4 

weeks and 47,5/μL at 8 weeks after the start of the treatment (table 1).  

Placebo  

In accordance with periostin expression, local markers incremented in the placebo group 

(figure 4), whereas serum markers generally remained unchanged (figure 5).  
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Figure 24. Local markers of inflammation. The effect of the different treatment options on nasal ECP, total IgE, IL-
5, sIL-5Rα, MPO and MMP9 (mean change to baseline).  

 

                            
Figure 25. The effect of the different treatment options on systemic key markers of eosinophilic inflammation, 
namely ECP, total IgE, eosinophils and sIL-5Rα (mean change to baseline).  
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Discussion  

Each treatment distinctly interrupts the eosinophilic inflammatory cascade in CRSwNP, which 

is reflected by the local and systemic expression of periostin. Not only does the mechanism of 

action differ, but also the target site, which can be predominantly nasal, systemic or both. 

Methylprednisolone  

Shortly after starting the treatment with methylprednisolone systemic periostin is significantly 

suppressed (p=0.004). This beneficial effect is however followed by a rebound effect. In 

accordance, methylprednisolone potently but transiently reduces nasal and systemic TH2 

inflammation and there is an overshoot after cessation of oral steroid treatment.  

Doxycycline  

The effect of doxycycline is mostly seen on nasal periostin, whereas serum periostin levels 

remain unchanged. Again this tendency is repeated in the other local and systemic 

inflammatory markers and therefore doxycycline appears to act at the target site. Next to its 

antimicrobial action it seems to protect the mucosa against inflammation by inhibiting local 

eosinophil degranulation and neutrophilic activity, and by reducing matrix degradation and thus 

edema (24).  

Omalizumab  

Omalizumab mainly interrupts the systemic eosinophilic inflammatory cascade. This is in line 

with the suppression of the systemic periostin expression (p=0.004). Of note, serum total IgE 

levels augment due to the formation of omalizumab-IgE complexes with a more extended half-

life. Therefore it is difficult to measure serum IgE correctly, as both free IgE and the complexes 

are detected. None of the treatment options decreases systemic IgE levels manifestly, as local 

and systemic markers of inflammation in CRSwNP are dissociated (25) and serum IgE levels 

are not necessarily elevated in CRSwNP (26, 27). Omalizumab potently improves clinical 

parameters, although the effect on the local inflammatory cascade equals the effect of placebo. 

Therefore the favorable clinical outcome in nasal polyp tissue seems to be mediated through 

a direct effect on IgE or its receptor. The suppressive effect on the systemic eosinophilic 
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cascade is reflected by the effect on serum periostin, whereas the limited effecton nasal 

markers is mirrored by the temporary effect on nasal periostin.

Mepolizumab 

The reduced expression of systemic and local periostin through elimination of the 

eosinophilopoietin IL-5 denotes an early interference in the inflammatory cascade, both locally 

and systemically.

Placebo 

Placebo does not affect systemic markers, although all markers of inflammation augment in 

nasal secretions in the placebo group, including periostin. We attribute this effect to the 

withdrawal of topical steroids, which have a suppressive effect on the local inflammation but 

not on systemic markers of inflammation.  

 

Clinical implication: methylprednisolone, doxycycline, mepolizumab and omalizumab for 

treatment of CRSwNP

The change in serum periostin levels significantly correlates with clinical parameters; and it 

roughly parallels the trends described for the change in TPS and symptom scores for the 

different groups. Other key inflammatory markers change together with periostin.  

Topical corticosteroids are the first choice drugs for the treatment of nasal polyps and this 

study underlines the importance of local treatment in this disease. We found a higher local 

periostin expression as compared to serum periostin; and nasal periostin increased throughout 

this study in the placebo group, although systemic markers remained unchanged. This finding 

is presumably due to the cessation of the intranasal steroids. Additional medical treatment can 

be indicated and has to be considered when topical treatment fails. Possibly the effect of a 

burst of oral steroids, as given in this study, is more extended in clinical practice where they 

are combined with nasal steroids.  

It would be interesting to follow-up periostin expression to establish treatment effect during 

such a combined treatment scheme. Anyhow, oral corticosteroids must be administered 

judiciously taking into account the side effects. Prescription is justifiable when associated with 
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another treatment, or perioperatively to optimize surgical circumstances and to promote post-

operative healing (14).  

Doxycycline is a low cost treatment that has an excellent bio- availability and has a long half-

life. The latter promotes patient compliance as once-daily dosing is permitted. The interference 

with nasal periostin suggests that doxycycline is appropriate to interrupt local inflammatory 

deterioration during exacerbations under the widespread treatment protocols with saline 

irrigations and intranasal steroids. The antimicrobial resistance associated with chronic low-

dose tetracycline therapy is not clear, but repetitive regimens of doxycycline as an additive 

therapy could prevent recurrence of nasal polyps.  

It would be interesting to explore the effect of methylprednisolone, which acts mainly through 

the systemic eosinophilic cascade, in combination with the locally active drug doxycycline. The 

complementary treatment effects might result in a better disease control. In case of remaining 

morbidity despite these non-specific treatments, surgery is the cornerstone. However, add-on 

therapy with monoclonal antibodies could be an alternative when early recurrence after surgery 

occurs despite conventional treatment or when patients are unfit for surgery. At present 

mepolizumab and omalizumab are not approved to treat CRSwNP. However, these treatments 

work very efficiently on nasal polyp size and symptoms related to nasal polyps in both 

asthmatic and non-asthmatics CRSwNP patients. Clinical features and molecular phenotyping, 

including measurement of periostin, could help to predict the local inflammation and identify 

the right patients for these expensive TH2-targeted treatments. However, it is likely that not 

one, but a combination of systemic markers is necessary. Importantly, if omalizumab would 

become a treatment option for nasal polyps in the future, nasal IgE levels should be considered 

when calculating the treatment dose. Currently this is based on total serum IgE levels, and 

local IgE is not considered. However, especially in non-asthmatics, inflammation in CRSwNP 

is primarily a local matter, as reflected by the higher nasal periostin expression as compared 

to serum levels.  
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Limitations  

The dosage schedules specific to the type of drug treatments differ complicating the 

comparison of endpoints. For all treatments an anti-inflammatory effect is seen until month 2 

in the initial studies, and therefore we compared the effect no longer than 8 weeks.  

Secondly, separate randomized prospective trials were compared, resulting in different 

baseline characteristics. Only asthmatic patients were selected for the omalizumab trial, 

whereas asthma was less frequent in the doxycycline treated patients. This is reflected by the 

baseline nasal and serum periostin levels that were highest in omalizumab treated patients 

(resp. 1253 ng/mL and 90 ng/mL). Serum periostin at baseline was higher in all CRSwNP 

groups as compared to the values reported in literature for asthma patients (10, 11). However, 

we found that the frequency of asthma is proportional to periostin and other eosinophilic 

inflammatory markers. Furthermore, in contrast to CRSwNP, inflammation in asthma is 

reflected in the systemic circulation. This bias could influence the response to the tested 

treatments. Certain markers were measured in preserved sera or nasal secretions. Changes 

due to the different duration of storage and protease activity are not likely as the three studies 

were performed in approximately the same time period, and control samples were used to 

validate the test run.

Finally, topical steroids were withdrawn as these would influence nasal inflammatory markers. 

However in clinical practices these treatments are added to standard-of-care intranasal 

corticosteroids. Therefore, the true impact for nasal polyp patients and the result might be even 

more obvious or long-term (29, 30). Recent trials more closely reflect the real life; for example 

treatment with anti-IL-4 (dupilumab) as add-on treatment has a proven beneficial effect on 

CRSwNP (31).  
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Conclusion  

To conclude, our results show how each treatment has an individual effect on nasal and 

systemic inflammation. Methylprednisolone has an early and temporary effect on serum 

periostin and the systemic eosinophilic inflammation. Doxycycline predominantly affects nasal 

periostin, nasal inflammatory markers and markers of matrix degradation. Omalizumab 

interferes with serum periostin, the systemic eosinophilic cascade and acts directly through 

IgE. Finally, mepolizumab reduces both nasal and serum periostin expression and inhibits both 

eosinophilic and neutrophilic markers in the nasal mucosa and systemic circulation. The 

fluctuation in nasal and systemic periostin expression parallels the effect on other markers of 

inflammation and clinical response and therefore periostin is a promising marker for the anti-

inflammatory response to a variety of treatments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 144 

References  

1. Hedman J, Kaprio J, Poussa T, Nieminen MM. Prevalence of asthma, aspirin 
intolerance, nasal polyposis and chronic obstructive pulmonary disease in a population-based 
study. Int J Epidemiol. 1999 Aug;28(4):717-22. 
2. Van Zele T, Holtappels G, Gevaert P, Bachert C. Differences in initial immunoprofiles 
between recurrent and nonrecurrent chronic rhinosinusitis with nasal polyps. Am J Rhinol 
Allergy. 2014 May-Jun;28(3):192-8. 
3. Fokkens W, Lund V, Mullol J. European position paper on rhinosinusitis and nasal 
polyps 2007. Rhinol Suppl. 2007(20):1-136. 
4. Gevaert P, Nouri-Aria KT, Wu H, Harper CE, Takhar P, Fear DJ, et al. Local receptor 
revision and class switching to IgE in chronic rhinosinusitis with nasal polyps. Allergy. 2013 
Jan;68(1):55-63. 
5. Gevaert P, Bachert C, Holtappels G, Novo CP, Van der Heyden J, Fransen L, et al. 
Enhanced soluble interleukin-5 receptor alpha expression in nasal polyposis. Allergy. 2003 
May;58(5):371-9. 
6. Lechapt-Zalcman E, Coste A, d'Ortho MP, Frisdal E, Harf A, Lafuma C, et al. Increased 
expression of matrix metalloproteinase-9 in nasal polyps. J Pathol. 2001 Feb;193(2):233-41. 
7. Watelet JB, Bachert C, Claeys C, Van Cauwenberge P. Matrix metalloproteinases 
MMP-7, MMP-9 and their tissue inhibitor TIMP-1: expression in chronic sinusitis vs nasal 
polyposis. Allergy.  
2004 Jan;59(1):54-60. 
8. Watelet JB, Claeys C, Van Cauwenberge P, Bachert C. Predictive and monitoring value 
of matrix metalloproteinase-9 for healing quality after sinus surgery. Wound Repair Regen. 
2004 Jul-Aug;12(4):412-8. 
9. Matsumoto H. Serum periostin: a novel biomarker for asthma management. Allergol 
Int. 2014 Jun;63(2):153-60. 
10. Jia G, Erickson RW, Choy DF, Mosesova S, Wu LC, Solberg OD, et al. Periostin is a 
systemic biomarker of eosinophilic airway inflammation in asthmatic patients. J Allergy Clin 
Immunol. 2012 Sep;130(3):647-54 e10. 
11. Rudmik L, Schlosser RJ, Smith TL, Soler ZM. Impact of topical nasal steroid therapy 
on symptoms of nasal polyposis: a meta-analysis. Laryngoscope. 2012 Jul;122(7):1431-7. 
12. Hissaria P, Smith W, Wormald PJ, Taylor J, Vadas M, Gillis D, et al. Short course of 
systemic corticosteroids in sinonasal polyposis: a double-blind, randomized, placebo-
controlled trial with evaluation of outcome measures. J Allergy Clin Immunol. 2006 
Jul;118(1):128-33. 
13. Van Zele T, Gevaert P, Holtappels G, Beule A, Wormald PJ, Mayr S, et al. Oral steroids 
and doxycycline: two different approaches to treat nasal polyps. J Allergy Clin Immunol. 2010 
May;125(5):1069-76 e4. 
14. Gevaert P, Van Bruaene N, Cattaert T, Van Steen K, Van Zele T, Acke F, et al. 
Mepolizumab, a humanized anti-IL-5 mAb, as a treatment option for severe nasal polyposis. J 
Allergy Clin Immunol. 2011 Nov;128(5):989-95 e1-8. 
15. Gevaert P, Calus L, Van Zele T, Blomme K, De Ruyck N, Bauters W, et al. Omalizumab 
is effective in allergic and nonallergic patients with nasal polyps and asthma. The Journal of 
allergy and clinical immunology. 2012 Sep 26. 
16. Gevaert P, Calus L, Van Zele T, Blomme K, De Ruyck N, Bauters W, et al. Omalizumab 
is effective in allergic and nonallergic patients with nasal polyps and asthma. J Allergy Clin 
Immunol. 2013 Jan;131(1):110-6 e1. 
17. Controlled Oral Steroid Intervention Decreases Serum Periostin Levels In Asthmatic 
Patients 2013. 
18. Scheerens H, Arron JR, Choy DF, Mosesova S, Lal P, Matthews J. Lebrikizumab 
Treatment Reduces Serum Periostin Levels In Asthma Patients With Elevated Baseline Levels 
Of Periostin. J Respir Crit Care Med. 2012;185. 



 

 145 

19. Hanania NA, Wenzel S, Rosen K, Hsieh HJ, Mosesova S, Choy DF, et al. Exploring 
the effects of omalizumab in allergic asthma: an analysis of biomarkers in the EXTRA study. 
American journal of respiratory and critical care medicine. 2013 Apr 15;187(8):804-11. 
20. Hanania NA, Noonan M, Corren J, Korenblat P, Zheng Y, Fischer SK, et al. 
Lebrikizumab in moderate-to-severe asthma: pooled data from two randomised placebo-
controlled studies. Thorax. 2015 Aug;70(8):748-56. 
21. Corren J, Lemanske RF, Hanania NA, Korenblat PE, Parsey MV, Arron JR, et al. 
Lebrikizumab treatment in adults with asthma. N Engl J Med. 2011 Sep 22;365(12):1088-98. 
22. Watelet JB, Gevaert P, Holtappels G, Van Cauwenberge P, Bachert C. Collection of 
nasal secretions for immunological analysis. Eur Arch Otorhinolaryngol. 2004 May;261(5):242-
6. 
23. Shoenfeld Y, Gurewich Y, Gallant LA, Pinkhas J. Prednisone-induced leukocytosis. 
Influence of dosage, method and duration of administration on the degree of leukocytosis. Am 
J Med. 1981 Nov;71(5):773-8. 
24. Rempe S, Hayden JM, Robbins RA, Hoyt JC. Tetracyclines and pulmonary 
inflammation. Endocr Metab Immune Disord Drug Targets. 2007 Dec;7(4):232-6. 
25. De Schryver E, Devuyst L, Derycke L, Dullaers M, Van Zele T, Bachert C, et al. Local 
immunoglobulin e in the nasal mucosa: clinical implications. Allergy Asthma Immunol Res. 
2015 Jul;7(4):321-31. 
26. Gevaert P, Holtappels G, Johansson SG, Cuvelier C, Cauwenberge P, Bachert C. 
Organization of secondary lymphoid tissue and local IgE formation to Staphylococcus aureus 
enterotoxins in nasal polyp tissue. Allergy. 2005 Jan;60(1):71-9. 
27. Zhang N, Holtappels G, Gevaert P, Patou J, Dhaliwal B, Gould H, et al. Mucosal tissue 
polyclonal IgE is functional in response to allergen and SEB. Allergy. 2011 Jan;66(1):141-8. 
28. Kim KS, Won HR, Park CY, Hong JH, Lee JH, Lee KE, et al. Analyzing serum 
eosinophil cationic protein in the clinical assessment of chronic rhinosinusitis. Am J Rhinol 
Allergy. 2013 May-Jun;27(3):e75-80. 
29. de Borja Callejas F, Martinez-Anton A, Picado C, Alobid I, Pujols L, Valero A, et al. 
Corticosteroid treatment regulates mucosal remodeling in chronic rhinosinusitis with nasal 
polyps. Laryngoscope. 2015 Jan 13. 
30. van Camp C, Clement PA. Results of oral steroid treatment in nasal polyposis. 
Rhinology. 1994 Mar;32(1):5-9. 
31. Bachert C, Mannent L, Naclerio RM, Mullol J, Ferguson BJ, Gevaert P, et al. Effect of 
Subcutaneous Dupilumab on Nasal Polyp Burden in Patients With Chronic Sinusitis and Nasal 
Polyposis: A Randomized Clinical Trial. JAMA. 2016 Feb 2;315(5):469-79. 
 
 

 

 

 

 

 

 

 

 

 



 

 146 

Supplemental information 

Methodology 

This study is based on 3 previously published randomized placebo controlled trials [1-3]. 

 

Patients 

Patients were recruited in 5 centers, namely University Hospitals of Ghent and Leuven 

(Belgium), Erlangen (Germany), Amsterdam (the Academic Medical Center, the Netherlands) 

and Adelaide (The Queen Elizabeth Hospital, Australia). Patients were all diagnosed with 

bilateral nasal polyps based on European position paper on rhinosinusitis and NPs [4]; and 

NPs were either primary and massive (Davos grade 3 or 4) or recurrent after surgery. All 

patients were free of any disease that would interfere with our study results.  

Patients were randomly assigned to receive either: capsules methylprednisolone, capsules 

doxycycline, intravenous injections of mepolizumab or subcutaneous injections of 

omalizumab. The dose (in milligrams) and dosing frequency (every 2 week or every month) of 

omalizumab were based on total serum IgE levels (in international units per milliliter) and body 

weight (in kilograms). For each dosage scheme of the interventional medication a placebo 

control group was provided.  

The use of systemic or topical corticosteroids or supplemental antibiotics was not allowed 

during the study in all three RCTs. At baseline a full medical history was taken, a complete 

ENT examination was performed and markers of local inflammation were measured in nasal 

secretions. All persons involved in the studies were blind for the duration of the studies. The 

codes were revealed after recruitment, data collection and data entry. 

 

Ethics  

A written informed consent was obtained from all patients. The trials were undertaken in 

compliance with Good Clinical Practice guidelines and the ethics principles set out in the 

Declaration of Helsinki. 
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Outcome measures 

The primary outcome was the periostin level at 4 and 8 weeks after the start of the treatment 

and at the primary endpoint. Periostin was measured by means of ELISA in nasal secretions 

and serum (Genentech, South San Francisco). Secondary outcome measures are key 

cytokines or mediators, the nasal polyp score and total symptom scores. The size of nasal 

polyps was graded on each side by means of endoscopy: 0, no polyps; 1, small polyps in the 

middle meatus not reaching below the inferior border of the middle concha; 2, polyps reaching 

below the lower border of the middle turbinate; 3, large polyps reaching the lower border of the 

inferior turbinate or polyps medial to the middle concha; and 4, large polyps causing complete 

obstruction of the inferior meatus [2, 3]. The total polyp score (TPS) is the sum of the right and 

left nostril scores. Symptom scores included anterior rhinorrhea, nasal obstruction, postnasal 

drip, and loss of sense of smell. All symptoms were scored as followed: 0, no symptoms; 1, 

mild symptoms; 2, moderate symptoms; and 3, severe symptoms. Total symptom score is the 

sum of all symptom scores. Local inflammation was measured in nasal secretions, which were 

obtained as previously described [5]. In the collected nasal secretions following cytokines and 

mediators were compared: ECP and total IgE (Pharmacia& Upjohn, Uppsala, Sweden) by the 

Uni-CAP system; IL-5, MMP-9, MPO (R&D systems; Minneapolis, USA; Oxis International, 

Portland, Ore of MPO; BioCheck, Foster City, California), sIL-5Rα (Innogenetics, Ghent, 

Belgium) using ELISA. Furthermore, peripheral blood eosinophil counts, serum ECP and total 

IgE were measured by the Uni-CAP system (Pharmacia & Upjohn, Uppsala, Sweden) and 

IL5Ra (Innogenetics, Ghent, Belgium) by ELISA were measured. Serum total IgE, local MPO, 

MMP-9 and local total IgE, and were measured post hoc.  The values obtained by ELISA were 

corrected with a dilution factor. 
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Statistical analysis 

Significant results can differ between this study and the original studies, as statistical methods 

differ between trials. In 2013, omalizumab was compared to baseline [2], whereas for 

mepolizumab (2011) [3], doxycycline (2010) and methylprednisolone (2010) [1] significances 

were described ‘as compared to placebo’ (see further). In this paper inflammatory markers 

were compared to baseline levels in each treatment group.  

Treatment effect on periostin and other eosinophilic markers 

Baseline parameters were calculated and expressed in describing parameters and frequencies 

using the software program SPSS version 22. The non-parametric Kruskall Wallis test was 

used to verify that baseline serum periostin levels are comparable between treatment groups. 

The non-parametric Spearman’s Rank Correlation Coefficient describes correlations between 

baseline serum periostin and other baseline parameters. Periostin and of other inflammatory 

markers were compared to baseline at 4 weeks and 8 weeks after the start of the treatment in 

each group by means of the Wilcoxon test.  

Statistical analysis in the original studies 

The primary endpoint in the original studies was predefined at 4 weeks after the start of the 

treatment for doxycycline and methylprednisolone, 8 weeks after the start of the treatment for 

mepolizumab, and 16 weeks after the start of the treatment for omalizumab. In all three trials 

a last-observation-carried-forward imputation was done to deal with missing data as a 

consequence of dropouts. Further details are described for each trial separately.  

Methylprednisolone and doxycycline [1] 

The Student t test was used to compare baseline values between groups. The x2 method was 

used to compare the frequencies of rescue medication and early study termination between 

groups. Pairwise treatment comparisons were obtained from a 2-way ANOVA analysis by 

using data on treatment and side effects. Changes in clinical and biological parameters were 

evaluated by repeated-measures ANOVA analyses 
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Mepolizumab [3] 

The change from baseline TPS was analyzed by using the exact Mann-Whitney U test. As a 

supporting analysis, improvement in TPS (defined as a negative CFB) was analyzed by using 

the Fisher exact test. Symptom scores, nasal MPO levels blood eosinophil counts, serum ECP 

levels, and serum IL-5Ra levels were analyzed by using the exact Mann-Whitney U test and 

the Peto-Peto-Prentice test where appropriate. A post hoc power calculation was performed 

for the Mann-Whitney U test of the primary end point (ie, TPS CFB at week 8) based on the 

present study using the O’Brien-Castelloe approximation. A post hoc power of 68% was 

obtained by using the LOCF paradigm. Data analysis was performed with SAS version 9.1 and 

R version 2.11.1 software 

Omalizumab [2] 

The distributions of baseline characteristics in both study arms were compared according to 

the Fisher exact test for dichotomous data and the Mann-Whitney U test for continuous data. 

Changes in TPSs, CT scores, symptom and quality-of-life scores, and blood and nasal 

secretion measurements at 4, 6, 8, and 10 weeks compared with their baseline values 

(baseline = week 0) were statistically evaluated according to the Wilcoxon signed-rank test in 

both treatment groups. The effect of anti-IgE treatment on changes in these variables 

throughout the entire study period after baseline was analyzed according to a linear mixed-

effects model including treatment, time, and the treatment-by-time interaction as fixed effects 

and using patients as a random effect (with unstructured covariance structure). In these 

models adjustment was done for values obtained at baseline (visit 2). A type I error rate of .05 

was adopted a priori to indicate statistical significance. All analyses were carried out with SAS 

software, version 9.1 (SAS Institute, Cary, NC). The initial power analysis was calculated 

based on similar and previous studies at our department with a primary end point of the TPS 

(power of 80% and 5% significance level). A post hoc power calculation revealed that our study 

sample achieves 92% power to detect a 50% difference in the average TPS at 16 weeks 
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P-values 4 weeks 8 weeks 
 Local  

Periostin 
Systemic 
Periostin 

Local  
Periostin 

Systemic 
Periostin 

Placebo 0.150 1.110 1.584 1.922 

Omalizumab 1.34 0.154 1,694 0.004 

Mepolizumab  0.432 0.450 0.044 0.588 

Methylprednisolone 0.852 0.004 1.932 0.128 

Doxycycline  0.084 0,602 0.910 0.432 
Table I. The p-values for the change from baseline analysis for nasal and systemic periostin at 4 weeks and 8 
weeks after the start of the treatment in each group (Wilcoxon test with Bonferroni correction) 

 

 

Table II. The mean value and minimum-maximum value for each marker in each interventional group at baseline, 
4 weeks and 8 weeks after the start of the treatment. TPS, Total Polyp Score; TSS, Total Symptom Score 

 

 

 

 

 

 

  Placebo Omalizumab Mepolizumab Methylprednisolone Doxycycline 
  Baseline Week 4 Week 8 Baseline Week 4 Week 8 Baseline Week 4 Week 8 Baseline Week 4 Week 8 Baseline Week 4 Week 8 

TPS 6 6 6 5 4,2 2,9 5,2 4,2 3,8 5,9 4,5 5,2 5,9 5,4 5,3 
  4-12  2-8 0-8 4-10 1-6 0-6 2-8  1-6 0-8 4-8  1-8 2-8 4-8 2-8 2-8 

TSS 8,0 8,0 7,5 7,6 5,5 5,6 8,0 5,5 5,2 6,7 3,7 6,6 6,5 6,4 6,5 
  2-8  2-12  3-12 2-6  2-10  0-10 5-11  1-10  0-10 3-11  0-8 0-11 2-12  1-12  2-12 

NASAL SECRETIONS 
Periostin  

(mean ng/mL) 1099,4 1618,9 1396,8 1253,8 1048,6 1540,7 818,6 417,1 264,3 617,4 401,6 613,5 455,8 249,7 631,9 
  0,3-4625,9  0,0-10988,0 0,0-11900,0 7,1-7328,9 21,5-3482,5 11,8-12916,8 17,8-4911,0 0,0-2091,6 0,0-2091,6 32,3-2340,8  0,0-1740,0 0,0-2009,7 18,2-2908,4 0,5-1688,0 0,5-3809,8 

ECP  
(mean, µg/L)  601,5 1224,1 918,5 452,6 1283,2 989,0 914,6 277,6 228,1 515,6 350,9 492,6 853,6 285,6 320,0 

  4,2-2518,6  4,2-9956,1 0,0-7794,8 33,1-1352,0 87,1-12463,1 73,7-4570,2 48,4-3068,5  3,0-1493,3 10,8-1153,9 4,2-3356,4  4,2-1368,0 25,6-2336,0  4,2-8610,4 4,2-1005,5  25,5-1888,1 
IL-5  

(mean, pg/mL) 100,3 100,3 203,2 97,5 95,5 96,4 96,9 52,3 62,7 46,5 14,4 73,3 38,1 24,0 21,0 
  1,7-725,3  1,7-1074,8 1,7-1074,8 0-357,3 26,0-530,3 29,3-336,5 15,0-474,7  6,2-289,1 6,8-320,0 1,7-252,7  1,7-62,8 1,7-545,9  1,7-378,8 1,7-201,3 1,7-165,2  

sIL-5Rα  
(mean, pg/mL) 771,1 1356,8 865,1 664,3 701,9 1073,7 586,3 195,5 145,2 318,3 345,5 516,8 426,0 356,9 489,9 

  36,2-4216,0  20,3-12642,3 44,82-7578,2  0-2425,0 58,2-2438,5 44,8-7578,2 32,4-3799,4  28,0-1303,0 0,0-581,0 19,8-1179,7  18,7-2500,5 20,3-2500,5  30,8-1837,3 20,3-1302,8  20,3-2249,7 
Total IgE  

(mean, kU/L) 140,9 193,5 192,4 49,4 90,5 128,2 63,5 37,0 44,7 84,8 52,1 99,4 23,8 25,1 39,0 
  0,4-1656,5  0,4-1323,9 0,4-1856,3 1,6-222,0 8,4-227,4 7,2-581,2 1,4-574,4  0,75-295,3 0,39-339,33 0,5-626,0  0,4-468,0 0,4-468,0  0,4-148,4 0,4-108,3 0,4-233,1  

MMP-9  
(mean, ng/mL) 4990,2 7618,2 7859,3 5504,1 7143,8 7641,5 8464,3 7046,0 5761,6 5440,0 5934,3 5545,5 9398,9 2861,1 3766,1 

  30,8-38071,3  26,2-116083,1 26,2-116083,1 89,6-16554,6 84,8-30437,4 136,6-31576,9 39,0-44617,2  188,5-54055,9 126,6-34453,9 59,1-28449,2  154,2-42246,0 51,2-46412,8  105,7-89601,1 243,1-18374,5 188,0-32233,9  
MPO  

(mean, ng/mL) 6036,6 9644,7 7710,0 3585,8 3251,7 4714,3 10612,8 4419,0 5564,7 18539,4 14336,4 13041,5 22001,3 8163,0 9631,4 
  306,7-69000,7  239,5-76024,8  418,8-21790,2   445,1-17098,5 464,3-9362,6  418,8-21790,2  258,1-75251,0  366,4-24542,3  212,5-24542,3  445,6-168956,7  405,5-103528,3  298,6-111584,0  697,5-210344,1  658,8-50486,3  833,6-87384,2  

SERUM AND BLOOD 
Periostin  

(mean ng/mL) 81,1 77,9 75,0 90,0 82,7 74,6 79,2 77,2 72,9 73,9 62,8 82,0 69,9 71,3 64,1 
  39,3-146,6  0-131,9 0-135,4 43,3-224,9 33,5-224,9 34,8-190,3 37,6-164,8  38,1-164,8 41,2-116,3 40,4-103,3  35,0-83,4 35,0-127,6  50,1-89,9 47,1-105,9 44,5-91,6  

ECP  
(mean, µg/L)  34,0 34,4 32,0 37,3 33,5 26,7 40,6 11,6 12,5 19,8 14,3 31,6 14,4 16,6 16,4 

  6,5-145,0  3,8-133,0 4,5-133,0 3,9-111,0 3,9-111,0 7,5-89,2 1-117  1,0-32,0 1,0-33,6 2,8-44,2  1,0-33,6 8,3-134,0  3,6-25,6 4,8-46,4 5,2-44,1  
sIL-5Rα  

(mean, pg/mL) 289,4 309,9 284,6 340,1 279,4 258,6 348,4 271,5 257,4 303,4 271,5 316,8 267,5 250,4 264,3 
  98,1-644,1  146,24-628,0 146,24-100,2 102,7-995,9 102,7-776,2 126,1-629,8 165,1-630,6  136,1-464,3 125,3-531,7 165,3-436,6  151,9-400,6 192,3-687,0  132,9-502,8 127,0-486,2 121,3-504,7  

Total IgE   
(mean, kU/L) 169,8 191,7 197,4 129,1 513,6 513,6 204,4 178,4 177,1 308,8 288,1 343,5 78,5 73,2 75,4 

  7,3-1170,0  8,1-1065,0 7,7-1060,0 20,2-424,5 130,5-986,0 130,5-986,0 27,7-1655,0  28,1-1325,0 25,1-1470,0 18,4-975,0  13,8-1040,0 13,7-2025,0  13,9-320,0 12,8-290,0 12,1-350,0  
Eosinophils  

(mean/µL)  433,0 493,7 472,1 519,9 501,6 437,4 408,5 53,8 47,5 476,4 435,7 745,0 320,6 314,3 276,8 
  90,0-1347,0  70,0-1088,0 70,0-1229,8 200-,01172,0  110,0-1262,0  130,0-1240,0 80,0-988,0  20,0-225,0  20,0-130,0  179,0-859,0  179,4-859,7  165,0-3758,2  134,0-817,0  108,3-630,0  78,9-634,7  
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CHAPTER 8 
INFLUENCE OF ORAL DOXYCYCLINE ON WOUND HEALING 
AFTER FUNCTIONAL ENDOSCOPIC SINUS SURGERY FOR 
CHRONIC RHINUSINUSITIS  
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Influence of oral doxycycline on wound healing after functional endoscopic sinus 

surgery for chronic rhinosinusitis with and without nasal polyps: a double-blind 

randomized placebo-controlled trial. 
Els De Schryver, Lara Derycke, Bram Meertens, Lien Calus, Natalie De Ruyck, Claus 

Bachert, Philippe Gevaert, Thibaut Van Zele 

Abstract 

BACKGROUND: Functional endoscopic sinus surgery is a frequently performed procedure in 

chronic rhinosinusitis (CRS). A subgroup remains uncontrolled after surgery. Post-operative 

tissue remodelling could influence the clinical outcome. Tetracyclines have a beneficial 

influence on the remodelling seen in CRS.  

OBJECTIVE: To evaluate the effect of doxycycline on wound healing after endoscopic sinus 

surgery in subjects with chronic rhinosinusitis. 

METHODS: In total 33 chronic rhinosinusitis patients with (n=21) and without (n=12) nasal 

polyps who were scheduled for sinus surgery were randomly assigned to receive doxycycline 

200 mg on day 1, followed by 100 mg daily until 56 days post-operatively, or placebo (1/1 

ratio). Patients were followed up for 48 weeks and data collection occurred every 2 to 4 weeks 

during the first 24 weeks. Subjective and objective outcome measures were assessed; the 

total endoscopic healing score was considered the main endpoint.  

RESULTS: Doxycycline did not significantly improve wound healing in the whole study 

population. However, for CRSwNP, the endoscopic wound healing score was significantly 

better in patients treated with doxycycline as compared to placebo until the fourth post-

operative week. Furthermore, healing problems were seen in the majority of CRSwNP patients 

receiving placebo. The clinical outcome was similar between groups at the end of the study, 1 

year after surgery.  

CONCLUSION & CLINICAL RELEVANCE: Healing problems after functional endoscopic 

sinus surgery for CRSwNP could be prevented by post-operative administration of doxycycline 

treatment. 
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Introduction 

Chronic rhinosinusitis (CRS) with nasal polyposis (CRSwNP) or without nasal polyposis 

(CRSsNP) is a disease of the mucous membranes of the nose and paranasal sinuses and 

affects about 16% of the adult United States population (1-3). In Europe the overall prevalence 

of CRS is 10,9% according to the Ga2len survey. CRS is defined as the presence of two or 

more symptoms one of which is either nasal blockage or nasal discharge in addition to facial 

pain/pressure/olfactory problems; for at least 12 weeks (2). The differentiation between 

CRSsNP and CRSwNP is based on the presence of nasal polyps at outpatient endoscopy. In 

CRSwNP chronic inflammation induces edematous remodeling, whereas in CRSsNP 

remodeling is mainly fibrotic with or without edema (4). Furthermore, the underlying 

inflammation differs: in  CRSsNP there is T-helper 1 biased inflammation, whereas in CRSwNP 

inflammation is T-helper 2 predominant, reflected by high levels of eosinophil cationic protein 

(ECP) and IgE. Matrix Metalloproteinase 9 (MMP-9) and the tissue inhibitor of 

Metalloproteinase 1 (TIMP-1) are upregulated in CRSsNP, although the ratio seems to be 

balanced (5). In CRSwNP MMP-9 is upregulated and there is an imbalance, which could result 

in increased matrix degradation and edematous remodeling. Exhaled Nitric oxide (NO) is 

reported as a marker of eosinophilic airway inflammation (6, 7). Nitric oxide has a physiological 

role in many systems, including the airways. Upper respiratory concentrations are much higher 

(200-2000 ppb) than concentrations in the lower airways (4-160 ppb). Mean nasal NO levels 

of 837 ppb have been reported in a mixed population of healthy and asthmatic subjects. There 

was no significant difference between healthy subjects and asthmatics (8). The current 

standard of care for CRS includes use of topical corticosteroids taken on daily basis, long-term 

treatment with macrolides for CRSsNP or doxycycline and a short course of oral steroids for 

CRSwNP, and surgery in refractory patients. Doxycycline is a broad -spectrum antibiotic with 

potent anti-inflammatory effects in eosinophilic disease (9), inhibition of MMP and NO; in 

addition to its antimicrobial activity. Functional endoscopic sinus surgery (FESS) is nowadays 

commonly performed and it is estimated that more than one million procedures are performed 

annually worldwide. To consider the outcome of sinus surgery, SNOT-22 has been shown to 
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be a suitable and valid tool for subjective measurement, whereas endoscopy assesses 

objective measurement. The SNOT-22 score in the normal population lies between 7 and 9 

(10). In the CRS population, a mean SNOT-22 score of 41,7 has been reported in a British 

study, and scores were reported to decrease to 25,5 at a 3 months post-operative timepoint 

(11). Remodeling patterns differ between CRSwNP and CRSsNP (12). Whereas pseudocyst 

formation occurs in CRSwNP, consisting of oedema and albumin accumulation within the 

extracellular matrix (13), CRSsNP is characterized by fibrotic remodeling with excessive 

collagen production and thickening of collagen fibers (14). Mucosal preservation of the 

sinonasal mucosa is crucial when performing functional endoscopic sinus surgery (15-17). In 

CRSwNP mucosal disease is more severe (18) and often more mucosa is sacrificed as 

compared to CRSsNP. After endoscopic sinus surgery, under normal conditions, endoscopic 

evaluation shows a macroscopically healed mucosa after 8 weeks, but functionality with 

clearance of mucus can last up to 6 months. The sequence of post-operative healing in CRS 

can be visualized by endoscopy and during the first days crust formation is seen, followed by 

granulation, typically 2-4 weeks post-operatively, and oedematous swelling, which is maximal 

between the 3rd and 5th week (4, 19). Edema and fibrosis are more pronounced in poor 

healers, and these endoscopic findings are correlated with MMP and TIMP (20-22). An 

increase in MMP-9 during wound healing after sinus surgery is shown in CRS, and parallels 

concentrations of MMP-9 in nasal fluids. Inflammatory cells (neutrophils), represent a source 

of MMP-9, which is linked to poor healing quality (23).  Various factors can disturb or prolong 

healing, including scarring with possible ostium closure and super-infection, impairing the final 

clinical outcome.  It is estimated that at least 40 % of CRS patients are uncontrolled 3 to 5 

years after surgery (24), and that in CRSwNP polyps recur in about 40% 18 months after 

surgery (25). So, treatment strategies that promote the healing course in CRSwNP are 

warranted. The aim of this study is to investigate if clinical outcome after FESS in patients with 

CRS can be improved by administration of long term oral doxycycline, as we believe that the 

post-operative healing process is crucial for the clinical outcome. 
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Methods 

Subjects 

Patients were at least 18 years old, diagnosed with CRS with or without nasal polyposis 

(EPOS) and scheduled for bilateral functional endonasal endoscopic sinus surgery (FESS) or 

bilateral revision FESS. Patients with cystic fibrosis, immunodeficiencies, mucociliary 

dysfunction, fungal balls, systemic vasculitis, granulomatous diseases or cocaine abuse were 

excluded. The indication for surgery was made when medical treatment as recommended by 

the EPOS treatment algoritms failed, including saline irrigations, nasal corticosteroids, and one 

or more courses with oral treatment with oral corticosteroids and/or antibiotics. Nasal 

corticosteroids were stopped one week before surgery. Systemic corticosteroid drugs were 

stopped for at least one month before surgery. Also, immunotherapy, decongestants (oral or 

nasal), cromolyns, ipatropium bromide, montelukast and monoclonal antibodies were 

prohibited before and during the study. Demographical and medical data was obtained pre-

operatively from both the patient and the medical record. Patients were characterized by the 

presence of allergic sensitization, concomitant asthma or aspirin exacerbated respiratory 

disease and whether they had previous nasal surgery.  

Study design 

This is a randomized, double blind, placebo controlled, parallel group, study in patients with 

chronic rhinosinusitis with or without nasal polyps. The Investigator, all study personnel and 

the subject were blinded to study treatment; the Ghent University statistics department 

prepared a randomization schedule. The blinded medication was distributed by the Hospital 

Pharmacy of the Ghent University Hospital. All patients underwent the same surgical 

procedure, to approximately the same extent. Patients were randomly assigned to receive 

doxycycline 200 mg on day 1, followed by 100 mg daily until day 56 post-operatively, or 

placebo (1/1 ratio). Sixteen patients received oral doxycycline (Sandoz, 100 mg tablets) and 

17 received placebo (lactose-monohydrate, Tablet Lichtenstein® - Winthrop Arzneimittel 

GmbH). Study visits were performed before surgery (screening visit), on the day of surgery 
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before incision, and after surgery at the 2nd, 4th, 8th, 12th,16th, 24th and 48th week (Figure 1). 

Data from the first visit was considered baseline.  

 

Figure 26 illustrates the design of this randomized, double blind, placebo controlled, parallel group study in patients 
with chronic rhinosinusitis with or without nasal polyps. All patients underwent the same surgical procedure and 
patients were randomly assigned to receive doxycycline 200 mg on day 1, followed by 100 mg daily until day 56 
post-operatively, or placebo (1/1 ratio). Study visits were performed before surgery, during surgery and after surgery 
at the 2nd, 4th, 8th, 12th,16th, 24th and 48th week. 

 

Baseline study assessments  

A recent CT scan of the nasal cavities was either available or newly performed and disease 

was staged following the Lund-Mackay CT scoring (26). Mucosal abnormalities in the 

paranasal sinuses were graded: 0; no abnormality; 1, partial opacification; 2, total opacification. 

The ostiomeatal complexes were scored bilaterally as: 0, not occluded; or 2, occluded. 

Symptoms were assessed at the baseline visit using the SNOT-22, RSOM-31, SF-36, ACQ 

and VAS tools. Olfactory function was scored from 0 to 12 and peak nasal inspiratory flow was 

measured. Nasal patency was assessed by means of a peak nasal inspiratory flow (PNIF) 

device.In CRSwNP the size of nasal polyps was graded on each side by means of endoscopy 

(see supplemental information) (27, 28). The total polyp score (TPS) is the sum of the right 

and left nostril scores.Subjects were tested for allergic sensitization by performing a skin prick 

Visit 1
Screening

Randomisation

FESS

Week 2 Week 4 Week 8 Week 12 Week 16 Week 24

Placebo

Doxycycline

Week 48

6 
months

6 
months

Follow up

Follow up
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test, using a panel of allergens, histamine as a positive controle and dilutant as a negative 

control  

Clinical laboratory tests (PT, aPTT, leukocytes, leukocyte differentiation formula, red blood 

cells, RAST) were performed; and inflammatory markers were measured in serum  (ECP and 

total IgE by Uni-CAP) and nasal secretions (ECP and total IgE by Uni-CAP; MPO and MMP-9 

by using ELISA) and in tissue samples obtained during surgery (IgE, SE-IgE, ECP, IL-5, IL-17 

and TNFα). Finally, a pulmonary function test including spirometry and assessment of nasal 

(nNO) and fractional exhaled nitric oxide (FENO) was performed.  

Post-operative care and study assessments 

Post-operative care with saline irrigations, topical steroids and nose ointment was started after 

removal of the sinus pack at day 2. This care was combined with the interventional medication. 

Crusts and debris were removed weekly until the fourth week after surgery, and adhesions 

were lysed. At each study visit the same validated questionnaires as used for baseline 

symptom assessment were completed; the olfactory function and nasal patency was 

evaluated; and a nasal endoscopy to score post-operative healing and to detect recurrence 

was performed. The post-operative healing quality was evaluated by a blinded examiner for 

each side and for each sinus cavity separately by endoscopic scoring of the opening of the 

ostium (0-3), mucosal swelling (0-4), crusting (0-2), scarring (0-2), fibrin covering (0-3) and 

mucopurulent nasal discharge (0-1). The pulmonary function test with measurement of FeNO 

and nNO was repeated at the 4th post-operative week, at 6 months and 1 year. Serum and 

nasal secretion inflammatory markers were measured at each study visit. For more detailed 

information on methods we refer to the supplemental information.  

Study endpoints 

The primary endpoint comprised the effect of doxycycline versus placebo on the quality and 

speed of wound healing based on endoscopic scores of healing quality. The post-operative 

healing quality was evaluated by endoscopic scoring of the opening of the ostium (0-3), 

mucosal swelling (0-4), fibrin covering (0-3), bacterial infection with nasal discharge (0-1), 

crusting (0-2) and scarring (0-2). The Total Wound Healing Score (TWHS) is defined as the 
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sum of the separate endoscopic scores. The main aim of the study is to test for the superiority 

of doxycycline against placebo on wound healing. 

Secondary endpoints comprised the effect of doxycycline versus placebo on nasal and exhaled 

NO and the effect of doxycycline versus placebo on the subjective assessment of the wound 

healing.Furthermore, the effect of doxycycline on objective measurements, including 

inflammatory markers, nasal patency and olfactory function was evaluated. Finally treatment 

failure, as defined as the need for rescue medical treatment and/or surgery because of healing 

problems during the interventional period, was compared between both groups. 

Statistical analysis 

All statistics were performed using the SPSS 21.0 software. The primary analysis was based 

on all randomized patients (intention-to-treat principle). Initially CRSwNP and CRSsNP were 

considered together. We did a per-protocol analysis where patients were censored at the point 

at which rescue treatment was necessary; missing observations were replaced by the last non-

missing observation carried forward. Inferential statistics were made at the 5% level using two-

sided tests. No adjustments were made for multiple comparisons. Demographic and Baseline 

variables for all patients are presented as median and interquartile range (IQR). The 

distributions of baseline characteristics and results between treatment groups in each disease 

entity were compared using the chi-square test for dichotomous data and the Mann-Whitney 

U-test test for continuous data. Changes from baseline were evaluated according to the 

Wilcoxon Signed-rank test in both treatment groups.A survival analysis was performed to 

compare treatment failure in both groups (Log-Rank Test).  

Ethical approval 

The ethics committee of the Ghent University Hospital approved the study (2010/384) and a 

written informed consent was obtained from all patients. The trials were undertaken in 

compliance with Good Clinical Practice guidelines and the ethics principles set out in the 

Declaration of Helsinki.  
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RESULTS 

Demographics and characteristics 

In total 33 subjects were included, namely 12 CRSsNP patients and 21 CRSwNP patients. 

Sixteen patients were assigned to receive doxycycline, 17 patients received placebo. The 

median age of doxycycline treated patients was 44 years (35-42), and 46 years (33-55) of the 

placebo treated patients. In the doxycycline group 68,8% were allergic, 37,5% asthmatic, 75% 

had nasal polyps and 37,5% had previous surgery. Of placebo treated patients 64,7% were 

allergic, 58,8% were asthmatic, 53% had nasal polyps and 23,5% had previous surgery. 

NSAID exacerbated respiratory disease was present in 3 patients of each treatment group. 

Demographics and characteristics were all comparable between groups (Table 1).  

Study enrolment, interventional period and follow-up  

In total 33 subjects were randomized (1/1). Treatment failure, as defined as the need for rescue 

medical treatment and/or surgery because of healing problems during the interventional 

period, was significantly higher in the placebo treated group (p=0.039, Fisher’s Exact Test; 

p=0.025 Log Rank Test). In total 7 out of 17 patients in the placebo group and 1 out of 16 in 

the doxycycline treated group were considered treatment failures. In both treatment groups, 1 

subject was excluded after enrolment and before the first post-operative visit: one patient in 

the placebo group needed antibiotic treatment for a post-operative septal abscess and one 

doxycycline-treated patient had revision surgery for post-operative epistaxis. Endoscopically 

assessed healing problems requiring rescue treatment were present in 6 of the placebo-

allocated CRS patients, whereas none of the patient in the doxycycline treated group 

necessitated additional medical treatment during the first 8 post-operative weeks (Figure 2). 

After the interventional period respectively 3 and 7 cases required antibiotic or oral steroid 

treatment. One patient was lost to follow-up during the interventional period in the doxycycline 

group, whereas 1 patient was lost to follow-up after the interventional period in the placebo 

group (Figure 3). Survival analysis over the complete follow-up period was strongly significant 

for drop outs based on the need for additional surgery or rescue treatment, or lost to follow up 

(p=0.011, Log-Rank Test, Figure 2). 
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BASELINE 
CHARACTERISTICS 
 

CRS 
 

 Doxycycline Placebo P-value 
Number, n 16 17  

GENERAL 
Male gender (n, %) 11 (68,8) 13 (76,5) 0.71 
Age, years (median, IQR) 45 (35-52) 46 (33-55) 0.77 
CRSwNP (n,%) 12 (75) 9 (53)    0.28 
Recurrence of polyps 
before surgery (n,%) 10 (83,3) 5 (50)    0.17 

Previous FESS, (n, %) 6 (37,5) 4 (23,5)    0.80 
Allergy, (n, %) 11 (68,8) 11 (64,7)    1.00 
Asthma, (n, %) 6 (37,5) 10 (58,8) 0.30 
NERD, (n, %) 3 (18,8) 3 (17,6) 1.00 
Current smoking, (n, %) 1 (6,3) 1 (5,9) 0.62 
Alcohol abstainer, (n, %) 8 (50) 7 (41,2) 0.44 

CLINICAL MEASUREMENTS 
Total polyp score 
(median, IQR) 4,0  (0-6) 4,0 (0-6) 0.86 

Lund-Mackey score 
(median, IQR) 15,0 (10-20) 12,0 (7-17) 0.30 

Nasal inspiratory flow 
(median, IQR) 60 (50-115) 70 (50-95) 0.70 

Olfactory test (median, 
IQR) 7,0 (6-10) 6,0 (3-10) 0.53 

FEV1, % predicted 
(median, IQR) 103,0 (91-109) 98 (85-108) 0.65 

Nasal NO, ppb (median, 
IQR) 460,4 (213-796) 567,0 (475-737) 0.22 

Fractional exhaled NO, 
ppb (median, IQR) 34,1 (28-59) 27,3 (15-44) 0.32 

BLOOD / SERUM 
ECP μl/l (median, IQR) 21,8 (13-34) 23,6  (18-53) 0.53 
Total IgE /μl (median, 
IQR) 79,9 (20-332) 74,4 (48-220) 0.91 

NASAL SECRETION 
ECP μl/l (median, IQR) 341,4 (128-1580) 138,9 (105-741) 0.53 
Total IgE /μl (median, 
IQR) 7,2 (2-122) 7,7 (2-20) 0.85 

MPO ng/ml ((median, 
IQR) 4387,9 (659-10053) 2634,2 (896-8788) 0.65 

MMP-9 ng/ml (median, 
IQR) 4047,2 (570-6646) 1352,8 (368-6606) 0.53 

TISSUE 
ECP μl/l (median, IQR) 11594,0 (4301-19448) 18111,5 (9416-30608) 0.18 
Total IgE /μl (median, IQR) 515,6 (289-846) 611,1 (196,5-1040) 0.91 
SE-IgE /μl (median, IQR) 0,2 (0-7) 0,2 (0-6) 0.60 
IL-5 pg/ml (median, IQR) 219,7 (81-590) 316,9 (143-602) 0.50 
IL-17 pg/ml (median, IQR) 29,0 (4-70) 15,5 (0-90) 0.48 
TNF-α pg/ml (median, IQR) 19,8 (0-37) 22,1 (17-42) 0.36 

QUESTIONNAIRES 
SNOT-22  (median, IQR) 33,0 (23-61) 36,0 (18-54) 0.62 
 SF36 (median, IQR) 63,1 (54-71) 66,1 (53-69) 0.42 
VAS (median, IQR) 4.0 (3-5) 3,7 (3-6) 0.69 
RSOM31 severity  
(median, IQR) 2,4 (1-3) 1,4 (1-2) 0.078 

RSOM31 importance 
(median, IQR) 2,9 (2-3) 2,4 (2-3) 0.47 

 

Table 1 depicts the demographics and characteristics of patients in both groups at baseline. These include general 
characteristics for example age, allergy, asthma, CRSwNP, recurrent disease, NERD. Furthermore, biomarkers 
levels in blood and serum, in nasal secretions and in tissue are shown, as are results of clinical tests and subjective 
outcome measurements. Demographics and characteristics were all comparable between groups.  
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Figure 27. Survival plots. Figure A shows the total drop-out during the study in the CRS population, due to 
treatment failure or lost to follow-up. The total drop-out was significantly higher in the placebo CRS group 
(p=0.011). The dotted line represents the end of the interventional period. Figure B illustrates the drop-out in the 
whole CRS population due to treatment failure during the interventional period. The drop-out due to treatment 
failure was significantly higher in the placebo CRS group (p=0.025). Figure C illustrates the drop-out in the 
CRSwNP population due to treatment failure during the interventional period. The drop-out due to treatment 
failure was significantly higher in nasal polyp patients receiving placebo (p=0.009).   

 

Figure 28. Study enrolment, interventional period and follow-up. Patient numbers throughout the study, from 
enrollment, to surgery, the interventional period and the follow-up period. The reason of exclusion during is 
depicted.  

 

Primary endpoint: healing quality 

We found no significant effect of doxycycline vs. placebo on the endoscopic evaluation of the 

quality and speed of wound healing in the overall CRS population throughout the study period 

(Figure 4). The TWHS was higher in the placebo group, although the TWHS was not 

significantly different between treatment groups. However, median swelling scores were higher 

in de placebo group as compared to the doxycycline treated patients until the 12th post-
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operative week. Accordingly, the doxycycline group scored better on median width during this 

period. Fibrin was only observed at the second post-operative week, and was more present in 

the placebo group. We found more crusting in the placebo group, lasting until 1 y post-

operative. Scores for scarring were comparable between groups, but occurred earlier in the 

doxycycline treated patients (between 4 and 12 weeks) and lasted longer in the placebo group 

(between 8 and 24 weeks). In the doxycycline treated patients nasal discharge was observed 

more frequently at 8 (31%) and 12 (38%) weeks post-operatively as compared to placebo 

(respectively 25% and 24%). From 16 weeks on nasal discharge is similar between treatment 

groups (Figure 5).  

Interestingly, although the difference in TWHS was not significant in the whole study group, it 

was when we looked into the subgroups. Namely in the CRSwNP patients the TWHS was 

significantly better in the doxycycline treated patients at the 2nd and the 4th post-operative week 

(resp. p=0.018 and p=0.011). The TWHS is non-significantly higher in the CRSwNP group as 

compared to CRSsNP at all time points (Figure 4). Nasal polyp recurrence in the CRSwNP 

subgroup is not significantly different between the treatment groups at either time point.  

To conclude, endoscopic healing scores were non-significantly better in the doxycycline 

treated CRS group during the study, but all scores were comparable after one year of follow-

up. In the nasal polyp patients the TWHS was significantly better in the doxycycline treated 

patients until the 4th post-operative week.  

  

Figure 29. Total endoscopic wound healing score (TWHS). Endoscopic scores for different  parameters (crusting, 
scarring, width, swelling, and nasal discharge) are summed and median values are displayed for the post-operative 
visits.  There is no significant effect of doxycycline vs. placebo on the endoscopic evaluation of the quality and 
speed of wound healing in the overall CRS population (A) or CRSsNP (B) throughout the study. Figure C illustrates 
the TWHS in CRSwNP: TWHS was significantly better in the doxycycline treated patients at the 2nd and the 4th post-
operative week (resp. p=0.018 and p=0.011) as compared to placebo. The grey zone represents the treatment 
period. 
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Figure 30. Separate endoscopic wound healing scores (swelling, width, crusting, fibrin and scarring). There is no 
significant difference between the treatment groups. The grey zone represents the treatment period. Median values 
are shown at each post-operative timepoint for each interventional group. Furthermore, the number of patients in 
whom discharge is seen is demonstrated.  

 
Secondary endpoints  

Secondary endpoints comprised the effect of surgery with or without doxycycline on nasal and 

exhaled NO, subjective assessment of wound healing and CRS symptoms, clinical and 

biological parameters. 

Nasal nitric oxide levels increased starting from the 4th post-operative week, irrespective of 

doxycycline treatment. The change from baseline was not significant. In line with previous 

reports we found that CRSwNP patients had lower nNO levels pre-operatively as compared to 

CRSsNP (resp. 504 ppb and 625 ppb). After treatment, nNO levels were similar between both 

disease entities (resp. 557 ppb and 570 ppb).  
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Figure 31: the evolution of nasal nitric oxide (nNO) and fractional exhaled nitric oxide (FeNO), peak nasal inspiratory 
flow (PNIF) and olfactory function. Median values are shown at baseline, 4 weeks post-operative, 8 weeks poqt-
operative and 1 year post-operative There is no significant difference between the study groups. The change in 
PNIF was significantly better as compared to baseline on all post-operative visits for both study groups. 

 

Fractional exhaled NO (FeNO) levels were higher at baseline in the doxycycline group and 

they dropped during treatment, whereas levels did not change post-operatively in the placebo 

group. We found no significant difference between the study groups regarding the evolution of 

nNO and FeNO (Figure 6). The change in peak nasal inspiratory flow was significantly better 

as compared to baseline on all post-operative visits for both study groups. There was no 

significant added value of doxycycline. The change in olfactory function was not significant in 

either group (Figure 6).  

 

There was a significant improvement in SNOT-22 scores post-operatively in both groups, 

which was earlier in the doxycycline group, namely from the 2nd week on (p=0.001), as 

compared to the placebo group where significance was reached at the 4th post-operative week 

(p=0.043).  In both groups, the pre-operative mean SNOT-22 score was 36. This score 

decreased to respectively to 16 and 24 for the doxycycline and placebo group at 3 months 

post-operative and to 24 and 27 at one year post-operative. Similarly, starting from the 2nd 
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week the change in VAS scores was strongly significant in CRS patients treated with 

doxycycline (p=0.005), whereas the effect in the placebo group reached significance from the 

4th week on (p=0.012). Regarding the RSOM31 scoring list, again doxycycline had an earlier 

significant effect (p=0.001 at the 2nd week) as compared to placebo (p=0.038 at week 4). The 

change in SF-36 scores were significant better in the doxycycline group at the 2nd post-

operative week (p=0.049) and the 12th post-operative week (p= 0.036). SF-36 scores did not 

change significantly in the placebo group. To conclude, symptom scores changed dramatically 

post-operative, and in general the doxycycline treated group experienced significant 

improvement 2 weeks earlier as compared to the placebo treated group. However, there were 

no significant differences between the study groups at either time point (Figure 7).  

                           

 

Figure 32 Subjective outcome measurements.  In both groups the symptom scores are significantly better as 
compared to baseline for SNOT-22, RSOM and VAS. The change from baseline is significant from the second week 
on until the end of the study for doxycycline; and from the fourth week on until the end of the study for placebo. 
There is no significant difference between treatment groups on either timepoint. The grey zone represents the 
treatment period. 
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We found a remarkable early increase as compared to baseline in all nasal inflammatory 

markers in both groups at the 2nd week, namely IgE, ECP, MPO and MMP-9. This finding was 

significant in the placebo group for MPO (p<0.05 until the 48th post-operative week as 

compared to baseline), MMP-9 (p<0.05 until the 12th post-operative week as compared to 

baseline), and nasal ECP (p<0.05 until the 8th post-operative week as compared to baseline). 

In the doxycycline group there was only a significant difference as compared to baseline in 

nasal MPO at the 2th post-operative week (p=0.027). In contrast, serum markers (IgE and 

ECP) did not alter significantly following surgery. Nasal and serum markers were not 

significantly different between the study groups (Figure 8). 

                         

 

Figure 33. Nasal and systemic inflammatory markers. Nasal MPO, MMP-9 and ECP increase significantly as 
compared to baseline from the second week on in the placebo group. There is no significant difference between 
treatment groups on either timepoint. The grey zone represents the treatment period. In the doxycycline group 
there was only a significant difference as compared to baseline in nasal MPO at the 2th post-operative week. 
Serum markers do not change significantly. The grey zone represents the treatment period. 
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DISCUSSION 

In this study we have shown that post-operative scores for swelling, crusting, width and fibrin 

were non-significantly better in the doxycycline treated group, and scarring disappeared 

earlier. Swelling and crusting are part of a normal post-operative remodelling, although 

oedema and fibrosis would be markers of poor healing. However, the beneficial effect of 

doxycycline in this study appeared not sufficient for a significant better clinical outcome 1 year 

after surgery.   

 

We suggest that the reduced swelling could explain the earlier improvement in symptom 

scores as compared to placebo. SNOT-22 scores, VAS scores, RSOM31 scores changed 

significantly in both groups. However, interestingly results in the doxycycline group were 

significant from the first post-operative visit (2nd postoperative week), whereas subjective 

improvement in the placebo group only reached significance 2 weeks later.  In the doxycycline 

group, SNOT-22 scores were lower from the fourth post-operative week on, although at one 

year post-operative, scores were similar in both groups and correspond with post-operative 

scores reported in literature (11). The change in SF-36 scores were borderline significant in 

the doxycycline group at the 2nd post-operative week and did not change significantly in the 

placebo group. This could be explained as the SF-36 scoring list assesses the general level of 

functioning, therefore scores are influenced by non-disease-specific factors. This could explain 

the little improvement after surgery with or without treatment with doxycycline.   

 

Regarding inflammatory markers we found a remarkable early increase as compared to 

baseline in all nasal inflammatory markers in both groups at the 2nd week, especially nasal 

MPO and MMP-9. The increase of MMP9 and MPO is conform findings described by Watelet 

et al regarding post-operative remodeling (23). The increase in MMP-9 and MPO appeared to 

be more pronounced in the placebo group, this could be explained by the known inhibitory 

effect of doxycycline (29). 
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Serum markers did not alter significantly following surgery in either study group. We suggest 

that the  inflammatory changes during post-operative healing occur predominantly in the nasal 

mucosa.  However conclusions of this study regarding serum markers are limited as only IgE 

and ECP were measured in the serum samples.  

 

Nasal NO is altered in pathological upper airway conditions: levels are reported to be lowered 

in CRSwNP  (30), although they  are not different from controls in CRSsNP (31).  

Following treatment, Lee et al described a significant increase in nNO in CRSwNP (32), 

whereas the group of Ragab showed that nNO  levels did not change post-operatively in 

CRSsNP patients (33). 

Our result show that in patients receiving surgical treatment, nNO levels increase after the 4th 

post-operative week in both CRSwNP and CRSsNP.  

We suggest that nNO levels increase post-operatively due to the removal of inflammatory 

tissue during surgery, which could be a barrier inhibiting transport of endogenous produced 

nNO. We found literature supporting this view, as in CRSwNP total NOS activity is higher in 

polyp tissue than in nasal mucosa (34), although NO concentration is lowered in those patients 

(35). This ‘barrier-hypothesis’ could also explain the initial slight decrease in nNO in the group 

where only surgery was performed, as oedema was more pronounced in this group until the 

4th post-operative week. 

 

Rescue medication 

Treatment failure, as defined as need for rescue treatment and/or surgery because of healing 

problems during the interventional period, was significantly higher in the placebo treated group 

(p=0.039). Survival analysis over the complete follow-up period was strongly significant 

(p=0.028) for exclusions based on the need for additional surgery or rescue treatment, or lost 

to follow up. 

In both treatment groups, 1 subject was excluded after enrolment and before the first post-

operative visit: one placebo patient from the placebo group needed antibiotic treatment for a 
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post-operative septal abscess and one doxycycline-treated patient had revision surgery for 

post-operative epistaxis.  

A remarkable finding is that none of the doxycycline treated patients necessitated rescue 

medication during the interventional period, whereas 6 out of 16 patients in the placebo group 

needed additional medication because of healing problems. After the interventional period 

respectively 3 and 7 cases required antibiotic or oral steroid treatment. One patient was lost to 

follow-up during the interventional period in the doxycycline group, whereas 1 patient was lost 

to follow-up after the interventional period in the placebo group  

Study limits 

This study was small and because of the long follow up (48 weeks) we were confronted with a 

large number of drop-outs due to the need of rescue treatment in the placebo group. We 

observed interesting trends, although a larger study is needed to show more significant results.  

Conclusion 

This study did not show a significant difference in CRS between treatment groups regarding 

the primary endpoint, namely endoscopic healing scores. Although there was non-significantly 

less oedema and  crusting during the first post-operative weeks, and fibrosis disappeared 

earlier; the clinical outcome after FESS by at the end of the study was not improved by 

administration of doxycycline. Furthermore, this study did not show a beneficial effect of 

doxycycline on nasal patency and olfactory function.   

However, in the CRSwNP subgroup we did find a significantly better Total Wound Healing 

Score, and we learned that the immediately post-operative administration of doxycycline 

significantly prevents the need for rescue treatment due to healing problems in this subgroup.  
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Supplemental information 
 

Methods 

Baseline characterization 

Skin prick test 

Sensitization to common aeroallergens was assessed at baseline by means of a skin prick test 

(SPT) (1). The panel of following allergens was used for each subject: timothy grass, grass 

mix, der pteronyssimus, cat, birch, blatella, olive, alternaria, dog, artemisia, der farinae, 

histamine, dilutant. Patients were instructed to stop any immunosuppressant medication 

before the SPT. A positive SPT was defined as a skin reaction larger than 3 mm.  

CT scan  

A CT scan was performed before surgery wen a recent CT scan was not available (maximum 

12 months old). Scoring was performed using the Lund and Mackay system, which relies on a 

score of 0-2 dependent upon the absence, partial or complete opacification of each sinus 

system and of the ostiomeatal complex, deriving a maximum score of 12 per side.  

Intervention 

Surgery 

Surgery was performed by 3 surgeons (PG, TVZ, CB) and comprised at least a bilateral meatal 

antrostomy, anterior and posterior ethmoidectomy, and opening of the frontal recess. The need 

for sphenoidotomy tailored to the extend of the disease.  

Post-operative treatment 

Standard post-operative care consisted of saline irrigations, topical steroids and nose 

ointment; and was started after removal of the sinus pack at day 2. 

 

Primary endpoint 

Endoscopy 

An endoscopy was performed at all visits using a 30° rigid endoscope.  Polyps will be graded 

preoperatively and in the case of recurrence by the following criteria: 
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Polyp Score Polyp Size 

0 No polyps. 

1 Small polyps in the middle meatus not reaching below the inferior 

border of the middle concha. 

2 Polyps reaching below the lower border of the middle turbinate. 

3 Large polyps reaching the lower border of the inferior turbinate or 

polyps medial to the middle concha. 

4 Large polyps causing complete congestion/obstruction of the inferior 

meatus. 

 

The post-operative healing quality was evaluated by endoscopic scoring of the opening of the 

ostium (0-3), mucosal swelling (0-4), fibrin covering (0-3), bacterial infection with nasal 

discharge (0-1), crusting (0-2) and scarring (0-2).  

Swelling of the mucosa 0= no swelling; 1= minimal swelling; 2= moderate swelling; 3=severe 

swelling; 4= complete obstruction 

Width of the middle meatus/ethmoid space 0= wide width; 1= medium width; 2= small width; 

3= complete obstruction 

Fibrin covering 0= no fibrin; 1= minimal fibrin; 2= moderate fibrin; 3= severe fibrin 

Bacterial infection with nasal discharge 0= no bacterial infection with nasal discharge; 

1= bacterial infection with nasal discharge 

Crusting 0= no crusting; 1= mild crusting; 2= severe crusting 

Scarring 0= no scarring; 1= mild scarring; 2= severe scarring 
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Secondary endpoints 

Clinical measurements 

Olfactory function was tested by means of 12 odor pens (Burghart, Germany). Each stick was 

placed under the patient’s nose during 3-4 seconds and than the subject had to choose 

between 4 options. The final score is the number of correct answers. Nasal patency was 

assessed by the best out of 3 measurements (L/min) of Peak nasal inspiratory flow. Pulmonary 

function test included FVC, FEV1 and FEV/FEV1 parameters. Furthermore Nitric oxide test 

(nasal NO and fractional exhaled NO) were assessed.  

FeNO will be online measured with a chemiluminescence meter in accordance with the 

ATS/ERS guidelines for exhaled NO measurement. (AmJRespirCrit C Med 2005 Vol 171 pp 

912-930, 2005). Briefly Inspired using NO free air (containing < 5 ppb) the patient should be 

seated comfortably, with the mouthpiece at the proper height and position. A nose clip should 

not be used. The patient inserts a mouthpiece and inhales over 2 to 3 seconds through the 

mouth to total lung capacity (TLC), or near TLC if TLC is difficult, and then exhales immediately 

with a constant flow rate of 0.05 L/second. 

Nasal NO will be measured using the transnasal flow technique (aspiration at constant flow 

rate from one naris with gas entrained via the other naris.)  Both nares were securely blocked, 

buth with a central lumen to allow aspirate via one naris and entrain air via the other. The 

seated subject inserts a mouthpiece, inhales to TLC, and exhales through an expiratory 

resistance while targeting a mouth pressure of 10 cm H2O to close the velum. While this 

exhalation is proceeding, air is aspirated at constant flow rate via one olive by a suction pump. 

A side port just distal to the aspirating olive samples gas for the NO analysis.  A target airflow 

rate of 0.25 to 3 L/minute is recommended in the measurement of nasal NO output, because 

this flow rate provides a steady plateau level of NO concentration in most subjects within 20 to 

30 seconds. Nasal NO concentration falls during heavy physical exercise. It is therefore 

prudent to refrain from exercise for 1 hour before the measurements. 
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Questionnaires 

The burden was evaluated by means of a diary and by means of questionnaires, namely the 

SF-36, RSOM-31, SNOT-22, VAS scores for nasal symptoms  and the Juniper ACQ.  

The SF-36 questionnaire was used to evaluate 8 aspects of general health, namely physical 

functioning, role of limitations due to physical health, role of limitations due to emotional 

problems, energy or fatigue, emotional well being, social functioning, pain and general health. 

Each of the 36 questionas was scored on a scale from 0 to 100. Then the scores from those 

questions addressing one of the eight specific domains of general health were averaged. The 

final scores thus ranged from 0%, meaning the worst level of functioning, to 100%, the best 

possible level op functioning. 

The RSOM-31 comprises 31 questions in order to reflect rhinosinusitis specific problems, 

limitations and consequences. The questions are grouped into 7 domains: nasal, eye, sleep, 

ear, and general symptoms; practical problems, and emotional consequences. Patients score 

their symptoms on a scale from 0 (no problem) to 5 (most severe possible), the maximum 

score is thus 155 and domain scores are mean scores of the related symptoms. (ref Piccirillo 

JF, Edwards D, Haiduk A, Yonan C, Thawley SE. Psychometric and clinimetric validity of the 

31-item Rhinosinusitis Outcome Measure (RSOM-31). Am J Rhinol 1995;9:297–306.) 

The SNOT-22 contains 22 rhinosinusitis specific symptoms of the EPOS 2012 diagnostic 

criteria for CRS, including nasal, sinus and general items. Each question is scored from 0 to 

5, where zero represents the absence of the symptom and five indicates the worst possible 

option. A total score from 0 to 110 reflects the severity of symptoms.   

VAS scores for and individual sinonasal symptoms were marked by the patients on a 10 cm 

scale (0= no problem; 10=worst imaginable problem) . Patients scored each symptom (global 

sinonasal bother, rhinorrhea, sneezing, post-nasal drip, nasal obstruction, reduction in sense 

of smell, headache, fatigue , itchy nose, itchy throat, nose bleeding, and facial pain) and finally 

a total score was assessed.  
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Biomarkers 

Blood was collected in serum and EDTA tubes by performing a standard venipuncture. Blood 

from EDTA tubes were immediately inverted a few times to assure mixing with the 

anticoagulant and thereafter pipetted in Eppendorf tubes and these were frozen until markers 

were measured. Serum was obtained by centrifuging for 10 min at 3000 revolutions per minute 

(rpm) at room temperature. Markers including ECP, total IgE and IgE specific to SAE were 

measured on serum with UniCAP (Phadia, Uppsala, Sweden).  

Nasal secretions were obtained by inserting a nasal sinus pack (3.5cm long x 0.9cm wide x 

1.2xm high with string) bilaterally in the nasal cavity for five minutes. They were weighted 

before and after the adsorption of secretions. Then 3 ml of 0,9% NaCl solution was added and 

after 2 hours the disks were centrifuged at 1500 g during 15 minutes and at 4°C. Total IgE, 

ECP, (Pharmacia& Upjohn, Uppsala, Sweden) by the Uni-CAP system; MPO and MMP-9 were 

measured by ELISA (R&D systems; Minneapolis, USA; Oxis International, Portland, Ore of 

MPO; BioCheck, Foster City, California).  

During surgery snap frozen tissue sections, sinonasal mucosa and nasal polyps were 

collected. 

Immediately after obtaining the serum, blood, nasal secretion and tissue specimens, they were 

stored at -20°C until analysis. 

 

1. Bousquet J, Heinzerling L, Bachert C, Papadopoulos NG, Bousquet PJ, Burney PG, et 
al. Practical guide to skin prick tests in allergy to aeroallergens. Allergy. [Practice Guideline]. 
2012 Jan;67(1):18-24. 
2. Moore WC, Pascual RM. Update in asthma 2009. American journal of respiratory and 
critical care medicine. [Research Support, N.I.H., Extramural 
Review]. 2010 Jun 1;181(11):1181-7. 
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CHAPTER 9 
DISCUSSION AND FUTURE PERSPECTIVES 
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Chronic rhinosinusitis with nasal polyps is a chronic disease that has an important impact on 

quality of life; by consequence it is a topic of a lot of research. Despite the great progress in 

understanding the inflammation at the basis of this disease as reviewed in the first two 

chapters, pathogenesis is not completely elucidated. Excessive eosinophilic inflammation is 

the hallmark of chronic rhinosinusitis with nasal polyps in most patients. However, there is an 

important variability in the endotype within this disease. Patient examination needs to go 

further than diagnosing the clinical phenotype by endoscopy and CT scan. Scientists are in 

search of biomarkers to easily stratify patients; to better predict prognosis and response to 

treatment, and to develop new treatment strategies. There still are a lot of questions to be 

solved regarding the molecular pathogenesis and treatment of CRSwNP. It is not exactly 

known what drives the chronic inflammation. It is not clear what the mechanism is behind the 

recurrence of polyps after medical or surgical treatment. Rhinologists are in need of treatment 

strategies that minimize this recurrence: can novel surgical techniques be the solution, or does 

peri-operative medical treatment need to be improved. It is necessary to understand how 

treatments act on molecular processes in polyps. To be able to integrate biologicals in the 

management guidelines for CRSwNP we need to know how these treatments work and if we 

can predict response to these tailored treatments. There are still a lot of questions to be solved. 

In this thesis we examined whether reaction to ‘self’ antigens could be the reason for chronicity 

of inflammation; and we aimed to further elucidate the interference with the inflammatory 

process in CRSwNP by treatments.  
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ANTI-DSDNA IS IDENTIFIED IN CRSwNP 

 

Inflammation is T-helper 2-skewed resulting in an upregulation of eosinophils and TH2-

cytokines, although a mixed pattern of cytokines points to the existence of endotypes. The 

lymphoid accumulations with local polyclonal hyperglobulinemia (IgG, IgE and IgA) are an 

important feature in CRSwNP. In chapter 5 we investigated whether autoreactive antibodies 

are present in CRSwNP. 

 

IgE is the dominating antibody in nasal polyps and our quest started with the detection of anti-

epithelial autoreactive IgE. Furthermore autoantibodies could crosslink IgE bound to FcεRI, or 

the receptor itself resulting in mast cell stimulation in the absence of specific allergens. We did 

in vivo and in vitro tests to detect IgG antibodies directed to IgE or its receptor. In this work we 

excluded that the local polyclonal IgE production is triggered by epithelial autoantigens and, 

although elevated, we did not find significantly more IgE activating antibodies in CRSwNP in 

nasal polyp tissue. Finally, we tested for IgG to a wide variety of nuclear antigens. We did 

detect a significant level of nasal IgG directed to anti-dsDNA. There are three possible 

explanations for this finding: firstly, these antibodies are a non-pathogenic epiphenomenon as 

a result of chronic inflammation. Secondly, autoreactive IgG could be produced after tissue 

damage, which is a source of intracellular antigens. Due to the intracellular nature these 

antigens may have escaped tolerance induction. Thirdly, microbial antigens could activate 

normally anergic autoreactive T cells via molecular mimicry.  
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TAKE HOME MESSAGES 

• Hyperimmunoglobulinemia E is not a consequence of autoreacitvity towards airway 

epithelium.   

• There is no in vivo cross-linking of auto-antibodies with IgE or the recetor FcεRI.  

• Anti-IgE is non-significantly elevated in CRSwNP. 

• Anti-dsDNA is identified in the nasal mucosa of CRSwNP and is inversely correlated 

with IFNγ. 

• Pathogenicity of anti-dsDNA is uncertain. 

CLINICAL RELEVANCE 

• Nasal anti-dsDNA is not necessary pathogenic. Detection has no clinical importance 

at this stage.  

PERSPECTIVES 

• Cause should be separated from effect. Future studies should direct following 

questions: does the chronic inflammation cause the production of anti-dsDNA, are 

other known causes of anti-dsDNA present in CRSwNP and is there any clinical 

outcome from the upregulation of anti-dsDNA.  

• IgE to epithelial antigens in nasal polyps has been excluded. However, there are off 

course many other antigens in nasal polyps. In the future it will be of value to detect 

IgE to normal nasal tissue antigens.  
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ALCOHOL HYPER-RESPONSIVENESS IS MORE PREVALENT IN NASAL POLYPS AND 

CORRELATES WITH THE SEVERITY OF NASAL INFLAMMATION 

 

Many specific and non-specific triggers can induce nasal symptoms. Alcohol is a well-

described trigger for asthma exacerbations, and although many nasal polyp patients report 

nasal hyper-responsiveness, this observation has not been fully explored yet. In chapter IV we 

described how we collected data on occurrence of alcohol hyper-responsiveness. We found 

that alcohol hyper-responsiveness is very prevalent in the NERD population (62,9%), followed 

by CRSwNP and asthma (45,9%), CRSwNP without co-morbidities (31,6%), CRSsNP (26,2%) 

and allergic rhinitis (25,8%), whereas in the control group only 3,7% report hyper-

responsiveness. Interestingly, characteristics pointing to a more severe inflammatory disease 

correlate well with the occurrence of alcohol hyper-responsiveness in the nasal polyp 

population. A second striking finding was the predilection for nasal over lung symptoms in the 

population with chronic upper airway diseases. The exact mechanism cannot be derived from 

this study, although we can suspect that the hyper-responsiveness is an uttering from the 

dysregulated immunity in these chronic airway diseases. We cannot exclude the possibility 

that other ingredients contribute to the respiratory reaction in a certain percentage of the study 

population, although the fact that all types of beverages induce symptoms and that there is no 

hypersensitivity to sulphite or histamine containing foods in the alcohol hyper-responsive group 

argues against this.  
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TAKE HOME MESSAGES 

• Nasal alcohol hyper-responsiveness is linked with nasal inflammation. 

• Alcohol hyper-responsiveness is significantly more prevalent in severe CRSwNP, as 

defined by recurrence rate and symptom severity. ECP levels are significantly higher 

in nasal polyp patients with alcohol hyper-responsiveness as compared to those 

without hyper-responsiveness. 

CLINICAL RELEVANCE 

• Clinicians should be aware of the effect alcohol can have on the nasal mucosa:   

nasal sprays with an alcohol -based carrier should be avoided in clinical practice or in 

clinical trials. 

• Certain patients might reach better symptom control by avoidance of alcohol. 

• By exploring the mechanism of alcohol hyper-responsiveness, the pathogenesis of 

CRSwNP will be further unraveled.  

PERSPECTIVES  

• A provocation study to confirm that ethanol itself is responsible for symptoms. 

• Measurement of biomarkers in biopsies/ nasal secretions are necessary to confirm  

that hyper-responsiveness correlates with disease severity and endotypes can be 

determined.  

• In vitro studies with cellular models (epithelial, endothelial, neuronal and vascular 

smooth muscle) to unravel possible pathways underlying the ethanol-elicited 

aggravation of airway symptoms.  

• The transient receptor potential signalling pathway (TRP) should be explored in 

CRSwNP, more specific the receptor TRPV1. Alcohol potentiates activation of this 

receptor and chronic airway inflammation has a known sensitizing effect on sensory 

TRP channels (figure 1).  

• The effect of different treatment options on alcohol hyper-responsiveness should be 

explored and correlated with inflammatory alterations. 
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NASAL AND SYSTEMIC PERIOSTIN EXPRESSION IS DIFFERENTLLY AFFECTED BY 

DIFFERENT TREATMENT OPTIONS.  

 

Periostin is a novel marker of eosinophilic inflammation that is topic of recent research. 

Treatment of nasal polyps is still problematic, because none of the available medical 

treatments has a permanent effect. In Chapter V we reported how each treatment affects 

periostin and other inflammatory mediators. This overview study improves insight in the 

treatment effect, as for the first time it is shown how each treatment interrupts the inflammatory 

cascade that maintains the oedematous disease. Each treatment has an individual effect on 

local and systemic periostin levels and other inflammatory mediators (figure 2). Clinical 

response seems to parallel the fluctuation in serum periostin. Methylprednisolone 

predominantly influences systemic eosinophilic markers and serum periostin, but these effects 

are short-term, as is the clinical effect. Doxycycline mainly suppresses local inflammation: a 

significant reduction of the periostin level was achieved, along with the inhibition of other nasal 

eosinophilic, but also neutrophilic markers, and the reduction of matrix degradation and 

edema. Mepolizumab significantly inhibited markers of both the eosinophilic and neutrophilic 

cascade, both locally and systemically. Omalizumab inhibits the systemic eosinophilic cascade 

and in the nasal mucosa this treatment acts directly on the end product of the cascade, namely 

IgE. Clinical features and molecular phenotyping, including measurement serum periostin, 

could help to identify the right patients for the latter two expensive treatments. However, it is 

likely that not one, but a combination of systemic markers is necessary to predict the local 

inflammation and thus response to TH2-targeted treatments. 
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TAKE HOME MESSAGES 

• Serum periostin correlates well with clinical parameters  

• Methylprednisolone suppresses serum periostin early and temporary  

• Serum periostin is reduced by omalizumab after a longer treatment period, but no 

rebound is observed.   

• Doxycycline reduces nasal periostin after 4 weeks, although not significantly. 

• Mepolizumab reduces both nasal and systemic periostin expression, although only 

the effect on nasal periostin reaches significance  

• Each treatment has an individual effect on inflammatory markers and has a different 

target site: the effect on either serum periostin (medrol and mepolizumab) or local 

periostin (doxycycline) or both (mepolizumab), is reflected in other effects anti-

inflammatory effects, either systemically or locally or both. 

 
CLINICAL RELEVANCE 

• A burst of oral steroids is justifiable perioperative, or when associated with another 

treatment.  

• Doxycycline is appropriate in exacerbations under the widespread treatment 

protocols.  

• Monoclonal antibodies can be an alternative when early recurrence after surgery 

occurs despite conventional treatment.  

PERSPECTIVES 

• To find out whether the best chance of a positive response to the innovative tailored 

treatments can be predicted, by the presence of co-morbid asthma or NERD, and 

systemic markers, including periostin. 

• To examine nasal and serum periostin after treatment with novel treatment options, 

for CRSwNP, including dupilumab, to determine the main site of action. These 

findings should be supplemented with the measurement of other local and systemic 

markers. 
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DOXYCYCLINE HAS A BENEFICIAL EFFECT ON WOUND HEALING AFTER 

FUNCTIONAL ENDOSCOPIC SINUS SURGERY FOR CRSwNP 

 

Functional endoscopic sinus surgery is an effective to remove nasal polyps, and is often 

necessary when maximal medical treatment is not sufficient. However, the chronicity of the 

disease and the high rate of recurrence leads to repetitive surgical interventions for many 

patients. Clear guidelines regarding peri- and post-operative medical treatment for CRSwNP 

are lacking. Perhaps optimizing post-operative tissue remodeling could improve the clinical 

outcome. Doxycycline is a tetracycline with a proven anti-inflammatory effect in eosinophilic 

diseases. As described in chapter 7, doxycycline reduces local biomarkers of inflammation, 

including periostin and markers of remodeling. In chapter 8 we have shown that the endoscopic 

appearance of the sinus mucosa during the first post-operative weeks (2–4) improves after 

FESS for CRSwNP.   
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TAKE HOME MESSAGES 

• Functional endoscopic sinus surgery is very effective in achieving symptom control 

and improving nasal patency.  

• Nasal inflammatory markers increase after surgery and this is tempered by 

doxycycline.  

• The initial endoscopic appearance of the sinonasal cavities in CRSwNP is optimized 

until the 4th post-operative week when doxycycline is administered immediately post-

operative. However, this effect wanes and the final outcome is similar between 

treatment groups. 

• Healing problems requiring rescue treatment can be prevented by post-operative 

treatment with doxycycline.  

• Nasal NO levels increase after removal of diseased mucosa during surgery.  

• Improvement of the final outcome by the post-operative administration of doxycycline 

is not proven 

CLINICAL RELEVANCE 

• It can be justified to prescribe doxycycline after functional endoscopic sinus surgery  

PERSPECTIVES 

• In this cohort there was no polyp recurrence one year after surgery. A longer follow-

up period is necessary to evaluate long-term clinical outcome.  

• Only Belgian patients were included, therefore subjects were characterized by an 

eosinophilic endotype. It would be interesting to evaluate the effect of doxycycline in 

different disease endotypes. For example studying the response to doxycycline in 

Asian CRSwNP would be valuable. 
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Innovative strategies to improve the outcome of medical and surgical treatment in  

chronic rhinosinusitis with nasal polyps 

Understanding the multifactorial etiology of CRSwNP and molecular pathomechanisms is 

important to develop appropriate treatment strategies. For instance the presence of auto-

immune antibodies in CRSwNP would demand an adjustment of the treatment strategy. We 

were not able to identify an auto-immune pathomechanism. Therefore, based on this work the 

detection of auto-antibodies is not suggested in the diagnostic workup of CRSwNP.  

The heterogeneous underlying inflammation in CRSwNP is a challenge to identify and to treat. 

Subgroups can be categorized by the co-existence of asthma or aspirin intolerance, but as 

shown in this work, also alcohol-induced respiratory symptoms are related to the severity of 

eosinophilic inflammation. The mechanism behind this phenomenon should be explored by 

further studies, as this could lead to novel treatment strategies.  

Current guidelines advise medical treatment consisting of saline irrigation, topical nasal 

steroids/oral steroids and antibiotics. Certain patients do not respond satisfactory to these 

treatments and necessitate surgery.  Recommendations regarding post-operative medical 

treatment are vague and alike for CRSsNP and CRSwNP, despite the different 

pathomechanisms. Our study shows that it is justified to prescribe doxycycline after FESS for 

CRSwNP. The initial endoscopic appearance of the sinonasal cavities is optimized and 

healing problems requiring rescue treatment can be prevented. Whether the final outcome 

improves and revision surgery is prevented by is not proven. Now a high number of patients 

necessitate repeated surgery.  New treatment options for difficult-to-treat patients comprise 

TH2-targeted treatments, including anti- IL-5 and anti-IgE. Although these specific treatments 

are only effective in a selected population. We found that different treatments distinctly 

influence inflammatory markers and have a different target site. Our work shows that periostin 

could represent a marker of the anti-inflammatory effects of current and novel treatments. 

Whether this marker could be used to predict responsiveness to tailored treatments needs to 

be further examined.  
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Illustrations 
 

 

Figure 34 Hypothesis for future research on the molecular mechanism of alcohol hyper-responsiveness.  
Are TRPV1 channels involved in alcohol hyper-responsiveness? 
 

 

Figure 35 Local and systemic effects on periostin and other markers of inflammation.
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SUMMARY 
 
Dysregulation of the local and systemic immune system is characteristic for nasal polyp 

development. The chronic relapsing course and the inappropriate immune response are features 

of both CRSwNP and autoimmune diseases. Considerations pointing to the possibility that 

autoreactivity contributes to the chronic inflammatory process are explained in the first part of this 

thesis, as is our quest for local and systemic autoreactive antibodies. Anti-dsDNA IgG was detected 

in nasal polyp tissue, however these are not necessarily pathogenic. These antibodies are probably 

an epiphenomenon rather than cause of chronic inflammation. Secondly, symptoms were related 

to the inflammatory status. We found it remarkable that an important portion of nasal polyp patients 

complain about alcohol intolerance. Literature is however scarce. By means of a questionnaire, we 

were not only able to prove that there is indeed a high prevalence of alcohol induced respiratory 

symptoms in CRSwNP; but we also showed that there is a relation to disease severity. Finally we 

evaluated the effect of treatments on the inflammation in CRSwNP. Treatment for CRSwNP is the 

topic of a lot of research, as up to date we are not able to guarantee permanent symptom relief by 

any treatment. Regarding the current guidelines maximal medical treatment consisting of saline 

irrigation, nasal steroids, oral steroids or doxycycline should precede surgery. However many 

patients require surgery. Targeted treatments, biologicals, have become of interest since these 

molecules appear to be very effective in reducing polyp scores and improving symptom scores in 

CRSwNP. However these are not yet integrated in the current guidelines and there still are a lot of 

unsolved questions. This thesis shows how oral steroids, doxycycline, omalizumab and 

mepolizumab interfere with markers in the nose and in the systemic circulation. Importantly, we 

evaluated a new biomarker of eosinophilic inflammation, periostin, and we found that this marker 

nicely reflects the evolution of other inflammatory markers.   Lastly, we evaluated whether the peri-

operative medical treatment can be improved. Post-operative administration of doxycycline 

optimizes the early endoscopic appearance of sinuses, and reduces healing problems in CRSwNP. 
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SAMENVATTING 

Chronische sinusitis met neuspoliepen (CRSwNP) wordt gekenmerkt door een dysregulatie van 

het immuunsysteem. Het chronische verloop en de ongepaste immuunrespons zijn kenmerken van 

zowel CRSwNP en auto-immuun pathologie.  In dit proefschrift wordt de rationale toegelicht achter 

de hypothese that autoreactiviteit bijdraagt aan de chronische inflammatie in neuspoliepen. Tevens 

wordt de zoektocht naar autoreactieve antilichamen in CRSwNP beschreven. Er werd anti-dsDNA 

IgG gedecteerd in neuspoliepen, hoewel dit antilichaam niet noodzakelijk pathogeen is. Anti-

dsDNA kan een gevolg zijn van de chronische inflammatie, eerder dan de oorzaak. In een tweede 

deel werd de inflammatoire status in CRSwNP in verband gebracht met bepaalde symptomen. Er 

is een opvallend aantal patiënten die klaagt van alcohol geïnduceerde symptomen, hoewel er 

slechts weinig literatuur is omtrent dit fenomeen. Onze studie toont de prevalentie van 

luchtwegklachten geïnduceerd door alcohol in CRSwNP, maar ook dat dit gerelateerd blijkt aan de 

ernst van de inflammatie. Er is veel onderzoek naar de behandeling van CRSwNP, gezien er op 

heden geen behandeling bestaat waarbij we permanente symptoomcontrole kunnen garanderen.  

De richtlijnen geven aan eerst maximaal medicamenteus te behandelen alvorens chirurgie te 

overwegen. Hierbij kunnen neusspoelingen, nasale en orale steroiden, of doxycycline 

voorgeschreven worden. In de toekomst zal er mogelijks ook plaats zijn voor op maat gemaakte 

geneeskunde dmv ‘biologicals’. Deze behandelingen blijken zeer effectief in het verminderen van 

symptoomscore en poliepscore in CRSwNP, maar tot op heden zijn er nog te veel 

onduidelijkheeden om deze te integreren in de richtlijnen. Dit proefwerk beschrijft de interferentie 

van orale steroiden, doxycycline, mepolizumab en omalizumab op verschillende markers van 

inflammatie, in het bijzonder periostin. Deze nieuwe marker geeft de evolutie van inflammatie mooi 

weer. Tenslotte geëvalueerd of het post-operatief toedienen van doxycycline voordelig is voor de 

wondgenezing na FESS. Het post-operatief behandelen met doxycycline optimaliseert de genezing 

van de mucosa, en helpt problemen van wondgenezing te voorkomen in CRSwNP.   


