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Chapter 1
GENERAL INTRODUCTION

Epidemiology

L1 DEFINITION

In 1873, Blackley was the first to establish that pollen played a role in the causation of hay fever
or "summer catarth”(1). Von Pirquet introduced in 1906 the term allergy (2). He discovered that
under certain conditions, patients, instead of developing inmunity, demonstrated an increased
reaction to repeated exposure with foreign substances. Nowadays, allergy has been defined as
"untoward physiologic events mediated by a variety of different immunologic reactions" (3).
This definition implies the acceptance of three criteria necessary for the definite diagnosis of an
allergic state: (1) identification of the allergen, (2) establishment of a causal relationship between
exposure to the antigen and occurrence of the disease, and (3) demonstration of an immunologic
mechanism involved in the illness. Allergy is sometimes confused with atopy and the two are
sometimes used as synonyms. Atopy refers to a hereditary predisposition to produce the antibody
immunoglobulin E (IgE). The most important atopic discases are atopic dermatitis, allergic

rhinitis and allergic asthma,

i.1.2 TYPES OF RHINITIS
Allergic rhinitis is an IgE-mediated disease, in which symptoms are the result of aeroallergen
exposure. The patient may complain of seasonal or perennial symptoms, although the latter may

show seasonal exacerbations.

Seasonal allergic rhinitis Seasonal allergic rhinitis in The Netherlands is mostly due to grass
potlen with symptormns presenting in May, June and July, whilst earlier symptoms may be due to
tree pollen allergy. The main symptoms are itching; sneezing, watery rhinorrhea often associated
with nasal congestion. Alfergic rhinitis may be accompanied by itching in the throat, eyes and
ears, epiphora and oedema around the eyes. Allergic rhinitis is at best a nuisance and at worst can

be incapacitating. It may be complicated by headache, fatigue and lack of concentration(4).



Perennial allergic rhinitis

Perennial allergic rhinitis may be more difficult to diagnose, particulatly if the patient presents
with secondary symptoms as sinusitis and "a permanent cold”. The symptoms of perennial
allergic rhinitis differ from those of seasonal allergic rhinitis; nasal blockage often doninates and
eye itching is rarely a problem. Reasons for the difference in symptoms between seasonal and
perennial allergic rhinitis are unknown. On account of the obstructive nature of the disease,
arising from vascular engorgement and mucosal oedema, and the associated involvement of the
mucosa of the sinuses, headaches, facial pain and posterior nasal discharge, and loss of smell and
taste may dominate the clinical picture, In addition, the severity of the disease may be more
pronounced in individuals with an underlying structural nasal deformity. The most common
cause in Western Europe to account for perennial allergic symptoms is the house dust mite
(Dermatophagoides pteronyssinus). Mites feed of dried skin debris and accumulates in
mattresses, box springs, feather pillows, carpeting, stuffed animals and clothing. Mites represent
a significant indoor burden because of owr typical airtight homes with central heating that
continute to circulate the allergen through the indoor air. Mites have a rather specific growth
season requirements, which are dependent on an optimal temperature (16-27°C) and humidity
{55-85%)(5). The environment in which the patient sleeps is conducive to mite survival, as
increased bedy temperature and perspiration create an appropriate microenviromnent for their
survival within the matiress and pillow. Other common perennial causes are pets, particularly

cats, dogs and horses.

Non-allergic, non-infectious rhinitis

If patient experiences clinical symptoms as in allergic rhinitis, but no evidence of allergy can be
found and there is no infectious rhinitis, the diagnosis non-allergic, non-infectious rhinitis is
made. Perennial non-allergic, non-infectious rhinitis is often called "vasomotor rhinitis",
However, there is no evidence for the existence of a "vasomotor" pathogenesis (6).

The diagnosis of inhalant allergy can usually be agreed on when history, physical examination

and skin test/RAST results are combined.

1.1.3 PREVALENCE OF ALLERGIC RHINITIS

Relatively little is known about the prevalence or age distribution of allergic rhinitis. One of the
two measures of prevalence is normally quoted: either the lifetime (cumulative) prevalence, or
8



the period prevalence over a recent interval of 1 or more years, Various factors, e.g. selection of
the studied population, spontaneous resotution of symptoms, criteria for the diagnosis, are of
importance and can infleence the data. Our knowledge of the epidemiology of rhinitis is mostly
derived from patients specifically seeking consultation for that affliction. However, community-
based studies show that patient’s consultation pattemns for rhinitis vary considerably according to
the severity of the disease, accessibility of health care and the perceived benefits of medical
treatment. In a London-based study of adults with rhinitis, it was shown that only 62% had ever
consulted a physician for their nasal symptoms(7). Moreover, the literature is not always clear on
what form of rhinitis is investigated. Much of the available data relate to scasonal altergic rhinitis
(hay fever), and caution is warranted before extrapolating epidemiological data of hayfever to
other forms of rhinitis. Only one community-based study has reported on the epidemiology of
both seasonal and perennial rhinitis (8). In this London-based study of 5349 adults aged 16-65
years, the prevalence of all forms of rhinitis (allergic and non-allergic) was 24%: 3% seasonal of
whom 78% were atopic as indicated by skin-prick testing; 21% perennial of whom 60% were
atopic. Whether this balance applies elsewhere is uncertain. A positive skin test to aeroallergens
oceurs in 20-30% of the total population (9). However, not everyone with a positive allergy test
is likely to have clinical symptoms. This factor is also contributing fo the varying prevalence
rates encountered in the literature. Development of allergic rhinitis symptoms depends on
exposure to allergen, age of the patient and genetic factors. Hay fever usually develops in
childhood or adolescence, remains stationary for 2-3 decades, after which symptoms improve
considerably in middle age and disappear in old age(10). No comparable data have been reported
for the natural course of perennial allergic rhinitis,

There is much interest and controversy about whether allergic diseases, including rhinitis, are
on the increase. Several studies have been published finding an increase in prevalence of
allergic rhinitis in recent decades (11-15). Perhaps the best data supporting an increase in
prevalence relate to medical examinations of 18-year old Swedish army recruits performed in
1971 and 1981{i4). A current tendency to allergic rhinitis was diagnosed in 4.4% of 55,393
conscripts in 1971 and 8.4% of 57,150 conscripts in 1981, In contrast, the Australian National
Health Survey found no appreciable change in the prevalénce of self-reported hay fever from
1977-1978 to 1989-1990 (16).



12 Nasal airways

121 ANATOMY AND PHYSIOLOGY OF THE NOSE

The framework of the external nose is composed of the bony pyramid, the nasal bones and
frontal process of the maxillary bone, and the cartifaginous pyramid, the triangular and the alar
cartilage (upper resp. lower laterals). The lower laterals surround the nasal vestibule, which is
lined with skin containing sebaceous and sweat glands and hairs, The nasal vestibules are
trumpet-shaped orifices and each narrows from around 90mm? to a slit of 30 mm?, which is the
narrowest point of the nasal airway. This slit is formed by a ridge, which contains the caudal
margin of the upper lateral cartilage. This area is called the nasal valve or ostium internum and is
located between the vestibule and main nasal cavity(17). The nasal cavity extends from the
ostium internum anteriorly to the choanse posteriorly and is lined with nasal mucosa. The nasal
cavity is divided into two separate airways by the nasal septum. The [ateral wall of the nasal

cavity contains three turbinates or conchae, the inferior, middle and superior.
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Figure 1. Diagrammatic representation of the structure of the nasal cavity with a view of the lateral wall of the nasal

cavity and a cross-section through the middle of the nasal cavity.

Physiological functions of the nose are respiration and olfaction. Important respiratory functions
are nasal resistance, heat exchange, humidification, and filtration of the inhaled air. Nasal

resistance to airflow is primarily determined by two elements: the bony and cartilaginous
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pyramid, and the state of congesfion of the venous sinusoids in the mucosa of the inferior
turbinate and anterior nasal septum. The level of sympathetic vasoconstrictor tone to the nasal
blood vessels determines the state of congestion of the venous sinusoids. In rhinitis the state of
congestion of the venous sinusoids is increased, probably due to increased nasal blood flow,
leading to nasal obstruction. The changes in vascular activity are cyclical and occur between
every 4 and 12 hours; they are constant for each person. This has been called the nasal cycle. By
changing nasal resistance the airflow in each nasal cavity is modified.

The nose acts as an air-conditioning system, It is a very efficient organ to warm, humidify and
filter the inspired air. In temperate climates, the temperature in the nasopharynx varies by 2-3%
between inspiration and expiration, and the temperature of the expired air on expiration is the
core temperature. In order to act as an efficient air-conditioner, the nose must offer a
considerable resistance to airflow and, when nasal breathing, the nose contributes up to two
thirds of the total respiratory resistance(18) and, a turbulent airflow is needed(19), This
turbulence is accomplished by rapid changes in airflow direction and velocity as the air passes
the nasal valve, At the junction of the nasal valve and main nasal cavity, the airway abruptly
expands from 30 mm? to around 130 mm? and at this point the airstream bends through nearly
90°. The main airstream js directed around the inferior turbinate, with the major airflow
travelling close to the floor of the nasal cavity. With normal nasal breathing, relatively little
airflow is directed upwards towards the middle and superior turbinates (20). One of the functions
of the nose is to remove particles from the inspired air in order to protect the lower airway, The
nose is able to filter out particles as small as 30 micrometer. This includes most pollen particles,
which are among the smallest particles deposited, and it accounts for the fact that the nose is the
commonest site of hay fever. Turbulence encountered in the airflow will increase the deposition

of particles.

1.2.2 HISTOLOGY OF THE NASAL MUCOSA

The nasal cavity is lined with ciliated columnar epithelium with or without goblet cells and/or
pseudostratified cuboidal epithelium, and a specialised olfactory epithelium in the olfactory
region. The epithelial lining of the nose is directly exposed to the external environment and, as
well as acting as an air conditioner, the surface also forms the first line of defence against toxic
and infectious agents int the inspired air, The inspired air is a source of trauma fo the mucosa,
which may result in patches of squamous epithelium in the anterior areas of the nose, which are

directly exposed to unconditioned air.
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The epithelial cell types are basal cells, goblet cells, columnar cells (ciliated and non-ciliated),
and migratory celis: lymphocytes, dendritic cells, macrophages, neutrophils, mast cells and
eosinophils. The epithelium rests on a continuous basement membrane (21). Between the
basement membrane and the underlying supportive bone is the lamina propria. The lamina
propria is typically composed of a cell rich subepithelial layer with most of the mucous glands,
and a deeper, collagen rich, cell poor layer lying on the supportive bone. The nommal lamina
propria contains several cell populations, such as: lymphocytes, dendritic cells, monocytes and
macrophages, eosinophils, mast cells and neutrophils. The lamina propria further contains

several blood vessels, which can be divided in resistance and capacitance vessels.

1.3 Pathophysiclogy of allergic rhinitis

1.3.1 REACTIONS OF NASAL MUCOSA AFTER ALLERGEN EXPOSURE

Allergen exposure leads to a cascade of immunological events in IgE-mediated allergic rhinitis.
[gE-dependent activation of mast cells resulis in release of preformed, granule-derived mediators
(e.g. histamine and tryptase) and newly-formed, membrane-derived mediators {e.g.leukotrienes
Dy, Cj, and prostaglandin D;). These mediators cause vasodilatation and an increase in vascular
permeability, resulting in nasal blockage. Increased glandular secretion results in mucous
thinorrhea. Stimulation of afferent nerves may proveke itching and sneezing(4).

Most studies concerning the pathophysiology of allergic rhinitis have been performed in patients
with seasonal allergic rhinitis. In seasonal allergic rhinitis the effect of allergen exposure can be
investigated e.g. during natural pollen season or by artificial nasal allergen provocation
performed outside the pollen season. In most studies investigating the pathophysiology of
allergic rhinitis nasal allergen challenge was used, The advantages of artificial challenge are the
well-controlled conditions such as allergen dose, and the precise begin and end of the challenge
period. One should bear in mind, however, that in non-natural challenge studies high
concentrations of allergens are administered to elicit a clear nasal response. This, in contrast to
low and variable amounts of allergen inhaled by 15,000 breaths a day during natural allergen
exposure(9).

The IgE-mediated allergic response after artificial allergen challenge may be characterised by
two distinet phases; an early or immediate phase developing within 10 minutes after allergen
exposure and a late phase occurring 3-4 hours later with a maximum at 6-§ hours after
allergen exposure (22). The early phase response is characterised by immediate symptoms as

itching, sneezing and rhinorrhea occutring within minutes, These symptoms are the result of
12



activation of mast cells and basophils by bridging of two IgE molecules on the surface of these
mast cells and basophils by the allergen and subsequent mediator release.

Blackley first reported the late phase response (LPR) in 1873, who described the recurrence of
symptoms several hours after the introduction of grass pollen in his own nose (1). A century
later, Dolovich et al. demonstrated an early and late phase reaction occurring after skin
testing. Furthermore, he found that both the early and late phase reactions were IgE-dependent
{23). The LPR in the nose is less severe than the early response and more variable in time (9).
The LPR is mainly characterised by nasal obstruction. In the LPR several inflammatory cells
(Langerhans cells, CD4+ T cells, eosinophils, and neutrophils) are attracted to the site of
aliergen exposure as a result of mediator release(24-28). Increased levels of mast cell
mediators(29) and influx of inflammatory and antigen presenting cells(28, 30, 31) have been
found after repetitive allergen challenges. This inflammation contributes to the increased
hyperresponsiveness of the nose after repeated allergen exposure. Connell has described this

phenomenon as nasal priming(32}.

1.32 CELLULAR ASPECTS OF ALLERGIC RHINITIS

1.3.2.1 Mast cells

Mast cells form a heterogeneous group as assessed by morphological, cytochemical and
functional criteria. The pluripotent haemopoietic growth factors, GM-CSF and IL-3 influence
stem cell differentiation into mast cell progenitors, Human mast cells can be divided into three
sub-populations; one characterised by the presence of tryptase (MCy), the second by the
presence of tryptase and chymase (MCrc)(33), and the third by the presence of chymase only
(MCc(34)). More than 95% of the epithelial mast cells and 40% of the subepithelial mast cells
in altergic nasal mucosa are of the MCr-subtype(35). Mast cells have high affinity IgE-
receptors on their surface, which can bind IgE. After cross-linking of two IgE molecules with
allergen, degranulation follows. Mast cells secrete several mediators after degranulation:
histamine, proteoglycanes, tryptase and chymase, arachidonic acid mefabolites such as
prostaglandine D2, leukotrienes B4, C4, D4, Ed, platelet-activating factor PAF, and
cytokines, such as interleukin (IL)-3, TL-4, IL-5, IL-6, granulocyte macrophage-colony
stimulating factor (GM-CSF), tumour necrosis factor (TNF)-alfa{9, 36-38). Recent report
suggests that mast cells can also provide support for IgE isotype switching(39). Mast cells are

important in the pathogenesis of allergic rhinitis. The number of mast cells is increased in
13



allergic rhinitis, and levels of mast cell mediators in nasal lavage fluids are elevated after

allergen challenge(30, 40-46).

1322 Eosinophils

Tissue eosinophilia is characteristic of human atopic allergic inflammation, although the
mechanisms are still partly unknown. Eosinophils are bone marrow derived granulocytes. The
cosinophilopoiesis is unfenced by GM-CSF, IL-3 and IL-5(47-49),

Eosinphils have several surface receptors and proteins, and are sources of cytokines and
appear to store mumy, if not all, of these cytokines in cytoplasmatic specific granufes.
Eosinophil products are summarised in table 1, The human cosinophils are reviewed by
Weller(50).

The number of nasal mucosal eosinophils is increased in allergic rhinitis compared with
controls(26, 30, 31). An eosinophil infiitration has been identified in nasal secretions as early

as 30 min. after nasal allergen challenge and has been shown to persist as long as 48 hours

(25,31, 51).

Table 1. Human eosinophil lipid and protein products

Lipid products Granule Cationic Chemokines Cytokines
Proteins
LTC, MBP(core} RANTES TGF-u, TGF-B
Lipoxinen ECP{matrix) MIP-1u L-ta
PGE, EDN(matrix) IL-8 IL-3,IL-5
TxB, EPO(matrix) GM-CSF
PAF -2
1L-4
it-6
IL-10
IL-16
IFN-gamma
TNF-a
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1.3.2.3 Lymphocytes

Lymphocytes can be divided into three lineages on the basis of expression of cell surface
markers: T-lymphocytes, B-lymphocytes and natural killer (NK)-lymphocytes. B-cells can
differentiate into plasma cells afler interaction with antigen, and subsequently secrete large
amounts of immunoglobulin subclasses, including IgE. T-cells are further subdivided into T-
helper (CD4+) cells and cytotoxic T-cells (CD8+). After activation T-cells express 1L-2
receptors (CD25) on their surface. T-cells play a pivotal role in control of IgE synthesis(52).
After activation T-cells secrete several pro-inflammatory cytokines (Table 2). In murines two
functional subclasses of T-helper cells have been described on the basis of the cylokine
profile: T-helper 1 cells (Ty;) producing 1L-2 and IFN-gamuma, and support cell-mediated
immunity, and T-helper 2 cells (Tyz) producing IL-3, 1L-4, IL-5, IL-6, IL-8, IL-10, TNF-
alpha and provide support to B-cells, encouraging the production of IgGl and IgE(53). In
man, also T-helper cells with a type 2 cytokine secretion profile have been isolated from
atopic donors(34-56). In vitro, Typ-cells support isotype switching to IgE while their
production of IL-5, IL-3 and GM-CSF facilitates the recruitment and activation of
eosinophils{537). Recent reports suggest that the route of antigen presentation and the type of
antigen-presenting cell are the critical factors in determining the eventual phenotype of the
CD4+ T cell(58, 59). In aliergic rhinitis increased numbers of T-helper and activated T cells

have been found in nasal mucosa after allergen challenge(26, 60).

Table 2

Cytokines and their major function in allergic thinitis

Cytokine cell source in allergic inflammation Suspected cell target in allergic inflammation

IL-2 T-cell T-cells, B-cells (proliferation, activation, differentiation)

IL-3 T-cells, eosinophils mast cells, eosinophils {colony stimulating factor)

IL-4 T-cells, mast cells, eosinophils B-cells (lgE isotype switch), endothelium (adhesion
molecules up-regulation}

IL-5 T-cells nrast cells, eosinophils Eosinophils {chemotaxis)

iL-6 mast cells T-, B-, cells (proliferation, differentiation) and fibroblasts

IL-8 mast cells, epithelial cells, eosinophits Lymphocytes, neutrophils,  basophils,  cosinophils
{chemotaxis)
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IL-10 T-cells, monocyies, macrophages Macrophages, T-cells (inhibitor of IFN-1! functions)

IL-13 T-cells, mast cells, eosinophils B-cells (IgE isotype switch), endothelium {adhesion

meolecules up-regulation)

[FN-y T-cells NK cells Macrophages (activation), 1L-4 antagonist (IgE isotype

switch)

RANTES macrophages, eosinophils, T-cells and mast | Eosinophils and monocytes (chemotaxis)

celfs

TNF-q ntast cells Fibroblast, endothelium {production of other cytokines and

adhesion molecules (ELAM-1, ICAM-1))

1.3.24 Antigen presenting cells

A number of distinct cell types, including dendritic cells (DC), macrophages, Langerhans
celis, B-lymphocytes, and epithelial cells are potentially 'capable of presenting antigen to T-
lymphocytes, Their effectiveness as antigen presenting cell (APC) differs markedly.

DC progenitors are seeded through the blood into non-lymphoid tissues, where they develop
to a stage referred to as immature DCs. These immature DCs are characterised by a high
capability for antigen capture and processing, but low T cell stimulatory capability.
Inflammatory mediators promote DC maturation and migration out of non-lymphoid tissues
into the blood or afferent lymph, These mature DCs have lost the ability to capture antigen
and have acquired an increased capacily to stimulate T ceils. Recent animal experiments have
suggested that resident pulmonary alveolar macrophages actively suppress the APC function
of lung DC, and therefore may play an important role in local immunoregulation (61).
Langerhans cells (LC) are dendritic, bone marrow derived cells belonging to the
macrophage/monocyte cell range(62, 63). It is believed that a subpopulation of dendritic cells
acquires ultrastructural features as Birbeck granules and CDla expression, characteristic of
epidermal LC(64). In the nasal epithelium most cells with dendritic morphology contained
Birbeck granules and were identified as LC. In the lamina propria only part of the cells with
dendritic morphology contained Birbeck granules(65). Langerhans cells bear the antigen
CD1, CD4, and have Fe-receptors for IpG, IgE and C3b(66, 67).

Other DC may be precursors of LC or LC migrated from the epithelium and matured into DC,

losing their Birbeck granules and CDla positivity (65, 68). Patients with allergic rhinitis have
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more LC in the nasal mucosa compared to non-ailergic controls(69). During the grass-pollen
season significantly more LC were seen in nasal epithelium’ than before and after the
season(70). After allergen provocation in winter an increase was seen in number of nasal
mucosal LC of patients with a seasonal allergic rhinitis (28).

The antigen-presenting capacity of L.C is much greater than that of blood-derived antigen-
presenting cells, like monocytes(71-73). The LC is able o present antigen to T cells in
allergic reactions(74-76). Antigen-induced activation of naive T helper cells requires antigen
presentation by physical contact with an antigen-presenting cell. Epidermal Langerhans cells
have been shown in vitro to selectively support Ty, cell production(77), After antigen binding
in the skin, L.C probably move to the dermis and leave it as veiled cells via the lymphaties,
finally becoming interdigitating cells which present antigen to T cells in the paracortical
region of the lymph node. In asthma it has been suggested that dendritic cells (DC) play a
prime role in inducing cytokine production by the local activation of T cells (78, 79). The site
of presentation to T cells in nasal inflammation is still unknown. In the lamina propria of
patients with allergic rhinitis sometimes large clusters of T lymphocytes and LC are seen,

suggesting local activation of T cells(28).

1.33 MECHANISM OF THE INFLAMMATORY RESPONSE

In the initial phase, allergen interacts with sensitised mast cells to release mediators, which
induce the symptoms of rhinitis. The release of TNFE-g from mast cells, as has been
demonstrated during the immediate allergic reaction in the nose(80), and IL-4 promote
upregulation of several adhesion molecules which will result eventually in firmer leukocyte-
endothelial adherence and allow leukocyie transendothelial migration under chemotactic
stimuli(36, 81). The role of adhesion molecules is reviewed by Canonica et al.(82). The co-
release of 1L.-5 will promote eosinophil differentiation, production and chemotaxis(50, 83),
Uptake of allergen by IgE positive Langerhans cells in nasal epithelium leads to allergen
presentation to T-lymphocytes with their consequent activation and elaboration of
cytokines(84, 85). Cytokine release from T cells thus contributes to the amplification and
maintenance of airway inflammation with mast cell mediator cytokine release initiating the
process. The identitication of mast cells, T cells and eosinophils as sources of cytokines may
suggest an autoregulatory function of these cells through the generation and release of pro-
inflammatory cytokines, resulting in the persistence of allergic inflammation. Apart from

cytokines, which tend to have highly specific receptors, we now know there are several
17



chemokines whose receptors show a considerable degree of cross-reactivity(86). Chemokines

also contribute to neutrophil, T cell, mast cell and eosinophil chemotaxis and activation(87-

91).

1.4 Treatment of allergic rhinitis with emphasis on corticosteroids

1.4.1 MANAGEMENT OF ALLERGIC RHINITIS

The management of allergic rhinitis can be divided in three therapy regimens: a) allergen
avoidance, b} pharmacotherapy, and c) immunotherapy. In most patients allergen
avoidance will not result in complete relief of symptoms. There is a residue of symptoms
requiring medical management. The use of various therapies is based on the understanding of
the mechanisms of symptom development. Treatinent can be directed towards antagonism of
the endorgan effects of the mediators, either through specific receptor antagonism, ie.
histamine receptor H-antihistamines, or through functional antagonism, i.e. an u-agonist
vasoconstrictor, or can be directed against differing aspects of cell infiltration and cell
activation, i.e. corticosteroids(92). Antihistamines are effective in reducing symptoms as nasal
itching, sneezing and watery rhinorrhea, but have little objective effect on nasal blockage.
Antihistamines are usually taken orally which has the advantage of reducing systemic
symptoms such as conjunctivitis and urticaria. Nowadays, topical intranasal
glucocorticosteroids have become the first-line therapy for the treatment of allergic rhinitis.
Steroids not only reduce nasal obstruction, but also nasal discharge and sneezing. In
comparative studies they have proved more effective in symptomatic control of allergic
rhinitis than sodium cromoglycate{(93) and antihistamines{94-96). In severe cases of allergic
rhinitis short courses of systemic corticosteroids can be of use, but should only be used with
caution and when there are no contraindications,

Many patients with perennial altergic rhinitis use intranasal steroids continuously during
several months and sometimes years to reduce their symptoms, Intranasal corticosteroids are
considered safe regarding their effect on nasal mucosa after long-terin use, Eatlier studies
investigating the safety of intranasal steroid sprays like Beclomethasone Dipropionate,
Budesonide, and Flunisolide showed ne evidence of mucosal damage and systemic side-
effects (97-100). No data of Fluticasone Propionate Aqueous Nasal Spray (FPANS)

concerning the adverse effects on nasal mucosa after long-term use are yet available. In
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previous studies in which either long-term or high-dose treatments of FPANS were used no

evidence of systemic side effects were found(101-103).

1.4.2 MOLECULAR MECHANISMS OF CORTICOSTEROID ACTION
Glucocorticosteroids exert their effects by binding to a single ghicocorticoid receptor (GR),
which is predominantly localised to the cytoplasm of target cells, and only on binding of the
glucocorticoid does it move into the nuclear compartment (104, 105). GR is expressed in high
density in airway epithelium and endothelium of bronchial vessels{(106). There is a single
class of GR with no evidence for subtypes of differing affinity in different tissues. The
inactivated GR is bound to a protein complex that includes two subunits of the heat shock
protein (hsp) 90(107). Once the steroid molecule binds to GR, hsp 90 dissociates, thus
allowing the nuclear localisation of the activated GR-steroid complex and its binding to DNA
(104, 103),

Steroids produce their effect on responsive cells by activating GR to regulate the transcription
of certain target genes(108). The number of genes directly regulated by GR in a given cell is
not certain. Activated GR binds to glucocorticoid response elements (GREs), and these
interaction results in either induction (+GREs) or repression {(nGREs) of steroid sensitive
genes, thus changing the rate of transcription. In this way several aspects of the inflammatory
process are inhibited (109). Steroids inhibit the transcription of several cytokines that are
relevant in the inflammatory process, including IL-1, granulocyte-macrophage colony
stimulating factor (GM-CSF), IL-3, 1L-4, IL-5, IL-6 and IL-8 (110). T-lymphocyte activation
is inhibited by steroids via inhibition of the activation of activator protein-t (AP-1).
Activation of AP-1 leads to the induction of a number of target genes such as IL-2, IL-2
receptor and T-cell proliferation(111), Steroids also increase the synthesis of lipocortin-1,
which has an inhibitory effect on phospholipase Aj, and therefore may inhibit the production
of lipid mediators such as levkotrienes, prostaglandin’s, and platelet-activating factor(112).
Steroids may also activate endonucleases that are involved in programmed cell death or
apoptosis, This may be relevant to the action of steroids on ecosinophil and mast cell

survival(113).
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Chapter 2,

Aims of the study

As mentioned in the introduction topical intranasal corticosteroids have become the first-line
therapy for the treatment of allergic rhinitis. However, there is no data on mucosal changes
after long-term treatment. The mode of action of topical corticosteroids, especially on nasal
inflammatory cells, is still not completely elucidated. In addition, as several inflammatory
cells produce cytokines, the effect of corticosteroid treatment on cytokine mRNA production
needs to be further investigated. This study focuses on the effects of Fluticasone Propicnate
Aqueous Nasal Spray (FPANS) which is nowadays widely used for the treatment of ail forms

of allergic rhinitis.
In this thesis we tried to find the answers to the following questions:

1. Islong-term intranasal Fluticasone Propionate treatment in patients with perennial allergic
thinitis safe. Does long-termn treatment lead to mucosal damage or atrophy?

2. Is long-term intranasal Fluticasone Propionate freatment in patients with perennial allergic
rhinitis effective in reducing nasat symptoms.

3. How does intranasal Fluticasone Propionale treatment affect nasal inflamumatory cells.
Two models were chosen: a) during natural allergen exposure in patients with perennial
allergic rhinitis, and b) a provocation model with patients with seasonal allergic rhinitis,

4. How does intranasal Fluticasone Propionate treatment affect the presence of cytokine
mRNA in nasal mucosa. We used a nasal provocation model with patients with seasonal

allergic rhinitis.
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Introduction

Topical intranasal glucocorticosteroids are very effective in the treatment of patients with
allergic and perennial rhinitis (1-3). Many patients use intranasal steroids continuously during
several months and sometimes years to relieve their symptoms. Earlier studies investigating
the safety of intranasal steroid sprays like beclomethasone dipropionate, budesonide and
flunisolide showed no evidence of mucosal damage and systemic side-effects (4-7).

Recently, a new and potent corticosteroid, Fluticasone Propionate Aquous Nasal Spray
{FPANS), has become available for the treatment of allergic rhinitis. Studies in human
volunteers have demonstrated a skin vasoconstrictor activity approximately fwice that of
beclomethasone dipropionate (8). Systemic bioavailability of FPANS is extremely fow because
of a combination of poor gasirointestinal absorption and extensive first-pass metabolism (9). A
dose-tolerance study involving more than 400 patients with seasonal rhinitis receiving up to 1600
meg/day indicated that no measure of hypothalamo-pitvitary-adrenocortical axis (HPA) function
was affected nor did routine laboratory tests reveal any treatment-related effects (10).

The present study was designed to investigate the long-term safety of FPANS, with regérd to
adverse events, tolerability and nasal mucosa, and efficacy in a one year randomised, placebo-

controlled, double-blind study in patients with a perennial allergic rhinitis.

Material 2and methods

STUDY DESIGN
The study was designed as a single centre, double-blind, randomised, placebo-controlled,

parallel-group study. Patient numbers were allocated sequentially to the patients. Patients were
allocated to receive one of the two treatments in randomly permuted blocks of four patients.
There was a run-in period on placebo of four weeks followed by FPANS (100 mcg b.id.) or
placebo for 12 months. Patients were supplied with terfenadine tablets (60 mg) as rescue
medication. Throughout the study, no concurrent medication for rhinitis, including sodium
cromoglycate, vasoconstrictor sprays or tablets and other antihistamines, was permitted. Patients

visited the clinic 12 times during the study period at 4-6 week intervals. The symptoms of nasal
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blockage, nasal discharge, sneezing, nasal itching, and eye irritation were assessed by the
investigator at each clinic visit and also by the patient in a diary card for a ten day period before
each visit to the clinic. Both assessments used a four-point scale. At visits 3-11 patients were
asked if they had used their nasal sprays regularly. Patients who had taken their medication
without fail or missed only a few doses were classed as compliant. Two patients in the FPANS
group between visit 3 and 4 and one patient in the FPANS group between visit 5 and 6 were
classed as non-compliant.

At each clinic visit the nasal mucosa was inspected with regard to the grade of mucosal
congestion, secretion, polyps, crusting, bleeding, and candidiasis. Furthermore nostril patency
was determined,

A venous blood sample was taken from all patients at the beginning and the end of the frial
period for determination of routine ¢linical chemistry and haematology parameters, Urine
samples were collected and tested for the presence of blood, proteine, and glucose by the dipstick
method. In addition, a 9 am plasma cortisol level was taken and in five patients a ACTH
stimulation test was performed at the beginning and the end of the trial period. The values for
each parameter were compared with the normal range of the laboratory where the analysis was
performed.

All patienis who entered the treatment phase and any patient who was withdrawn were
included in the safety evaluation. In this study major adverse events were defined as: 1.death,
2 life-threatening events, 3.events which were disabling or incapacitating, 4.events which
required hospitalisation, 5.clinical or laboratory events which led to withdrawal of the drug,
6.any congenital abnormality or cancer or drug overdose. All other events were considered to
be minor adverse events.

The study was approved by the local Medical-Ethical Commiittee.

PATIENTS
Forty-two patients entered the comparative treatment period. The patients (mean age 28 yr, 28 &,
14 Q) had had perennial allergic rhinitis for at least one year. Patients experienced symptoms
throughout the year. The diagnosis perenniat allergic rhinitis was confinmed by a skin prick test
of at least 3" and a radio-allergosorbent test (RAST) score of at least 3° - 5%) for house dust mite
allergen (HDM}. Patients were excluded if they had serious or unstable disease, infection of the
upper and lower respiratory tract, structural abnormalities or had undergone nasal surgery less
than six weeks prior to the study, or if patients were taking concurrent medication such as oral or
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inhaled steroids, intranasal sodium cromoglycate or intranasal sympaticomimetic therapy.
Female patients were excluded if they were pregnant or lactating. From all patients written

informed consent was obtained before entering the study.

NASAL BIOPSIES AND STAINING PROCEDURE

Biopsies of nasal mucosa were taken after the run-in period and after 12 months use of the trial
drug. Nasal biopsies were taken from the lower edge of the inferior turbinate using a Gerritsma
forceps and processed as described elsewhere (11). From each specimen serial 6 pun-thick
sections of nasal mucesa were cut on a Reichert-Tung 2800 Frigocut cryostat and transferred to
gelatine-coated microscope slides. All sections were stained with Haematoxylin and Eosin,
Giemsa, and von Gieson,

The features considered were: the appearance of the epithelial layer, the degree of cellular
inflitration, the extent to which the sinusoids were dilated and the degree of tissue edema, These
features were semi-guantitatively scored on a four-point scale. The specimens were classified
info those showing a distinct overall improvement when the post-treatment specimen was
compared to the pre-freatment specimen, those in which no change was detected, and those in
which a deterioration was observed. The histological specimens were examined blind by the first
author and confirmed by a second auther(T.M.V.) who also examined the specimens blind.

There was a good inter observer agreement.

STATISTICAL ANALYSIS

Symptom scores and rescue medication usage were analysed using the Van Elteren rank sum
method (i.e. a stratified Wilcoxon rank sum test) adjusting for baseline. Total symptoms scores
were analysed with a repeated measurement analysis of variance. Mucosal changes were
analysed using a Fisher exact test. A p-value lower than 0.05 was considered statistically

significant.

Resuits

Of the 42 patients entering the comparative freatment period 21 were randomly allocated to the

FPANS-treated group and 21 to the placebo-treated group, Four patients receiving FPANS and
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nine patients receiving placebo were withdrawn during the treatment period. Reasons for

withdrawal are listed in table 1. This resulted in 29 evaluable patients,

Table 1
Reasons for withdrawal after start of comparalive treatment period.
FPANS Placebo

Number of patients 21 21
Adverse event 1 0
Did not wish to continue 0 2
Failure to return 1 4
Ineffectiveness of medication 0 3
Moved from area 1 1]
Work commitments ] 1
Total number of patients 4 o

# A patient may have more than one reason for withdrawal

NASAL BIOPSIES

Nasal biopsies from the inferior turbinate from 28 patients (16 FPANS, 12 placebo) with
evaluable pre-treatment and post-freatment nasal mucosa specimens have been examined . The
sections of nasal mucosa had an average surface area of 3 mm? and usually showed a lining of
ciliated columnar epithelium with or without goblet cells and/or partially stratified cuboidal
epithelium. The lamina propria usually consisted of a sub-epithelial cell-rich layer with most of
the mucous glands and a deeper collagenous cell-poor layer onto the bone. All sections were
deep enough to assess both layers. One patient had a vasovagal collaps at the moment the local
anaesthesia was given, which prevented harvesting of the specimen.

Many specimens showed marked inflammatory changes, especially in the tissue immediately
below the basement membrane. In the FPANS group an improvement was observed in epithelial
quality, oedema and cellular infiltration, Table 2 shows the results of the evaluation of the nasal
mucosa. Basement membrane thickness was slightly increased. In the placebo group the changes
were less than in the FPANS group. However, basement membrane thickening occurred less

after placebo treatment. However, none of the differences were statistically significant.
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When comparing each individual patient before and after treatment, in eight out of 16 patients of
the FPANS group and in seven out of 12 patients of the placebo group evidence of improvement
was seen; less cellular infiltration, thinner basement membrane and intact epitheliom. In seven
patient specimens of the FPANS group no change was observed, versus one patient of the
placebo group. In one patient in the FPANS group versus four patients of the placebo group a
worsening as observed consisting of more cellular infiltration, more oedema and metaplasia of
the epithelium. None of these differences were statistically significant.

No deleterfous changes consequent on therapy were noted; no thinning of the epithelium was
apparent and no suggestion of any specific ctfect on collagen synthesis was seen, There were no

obvious effects on the connective tissue surrounding the blood vessels.

LABORATORY EVALUATIONS

Nine patients developed changes in laboratory data from baseline and they were equally
distributed between the two treatiment groups. There were no urine abnormalities. None of the
[aboratory abnormalities were considered to be related to the study drug. No unexpected changes
or notable differences between {reatment groups were seen for any of the parameters studied.

Plasma cortisol levels and the ACTH stimulation test did not show any evidence of suppression

of the HPA axis related to FPANS after 12 months of therapy(table 3).

Table 2. Mean nasal mucosal evaluation comparing biopsy specimens before and afier one-year treatment with
Fluficasone Propionate (FPANS) 100 mcg b.id. A four-point scale was used (0-3). No statistical differences

were found.

FPANS placebo
Before after before after
Epithelial damage 1 0.7 1.2 LI
Oedema 0.8 0.7 0.3 08
‘Fhickened basement 0.6 0.8 0.9 0.7
membrane
Cellular infiltration 1.7 L5 2.1 2

Table 3. Nine a.m. cortisol blood level (nmol/I} after 12 months of therapy, before and after ACTH stimulation test.

FPANS placebo
before ACTH stimutation 434 408
after ACTH stimulation 816 688
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SAFETY EVALUATIONS

No major adverse event was reported in this study. In total, 13 patients(62%) receiving
FPANS and 12 patients(57%) receiving placebo reported minor adverse events. The most
commonly reported adverse events in the FPANS group were headache(5), broenchitis(3),
epistaxis(3) and upper respiratory tract infection{3), All these adverse events, except epistaxis,
were reported by a simitar number of patients in the placebo group. Hoarseness was noted in
one patient who was treated with FPANS. One patient, using FPANS, withdrew due to an
adverse event. This patient was known to develop mental depression after systemic

corticosteroid usage, and again became depressed after using the study drug,

NASAL ASSESSMENT

Nasal assessments were carried out at each clinic visit. Table 4 shows the assessments at
baseline and after one vear of treatment for all patients who completed the study. After 12
months of treatment no changes in grade of mucosal congestion, nasal discharge, polyps,
crusting, nasal patency and bleeding was found, None of the patients had evidence of

candidiasis in the nose or throat

Table 4. Nasal assessment of percentage of patients at baseline and afler one year of treatment (FP=FPANS,

Plac.=placebo)

baseline after one year of freatment
FP  Plac. FP  Plac.
mucosal swelling
yes 23 62 I1 37
evidence of crusting
yes 8 4] 14 8
evidence of bleeding
yes 0 0 5 0
nasal polyps
yes 0 0 g 0
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SYymplom score

NASAL SYMPTOMS

During the min-in period nasal symptoms did not differ significantly between the two groups.
The total score of nasal symptoms is a sum score obtained from the diary card by double
summation: over seven consecutive days before a clinic visit and over the various symptoms.
This showed a reduction in total nasal symptom score in the FPANS treated group after six
weeks treatment, with a further reduction after eight months treatment (fig.1). The course of
total symptom score in the FPANS group showed a significantly stronger decline compared to
the course of the placebo group (p=0.009). The symptom scores for sneezing and nasal itching
were significantly better for the FPANS group than for the placebo-treated group after one
year of treatment (p<0.05). No significant changes for nasal obstruction and nasal discharge
were

observed, There was a trend for higher use of rescue medication in the placebo-treated group.

Figure 1. Total symptom score of FPANS- and placebo-treated groups. A significant stronger deciine in tofal

symptom score was seen in the FPANS group compared to the placebo group (p=0.009). SEM is indicated by the
vertical lines. ( B, placebo; &, FPANS)

1 2 3 4 5 L] 7 L] 9 10
clinic visits

Discussion

This primary aim of this study was to investigate the safety of FPANS (200mncg b.i.d.) when

used for periods up to one year it the treatment of perennial allergic rhinitis. An obvious problem
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to overcome was to keep the patient group, especially the placebo group, intact. This was
anticipated by selecting a group of patients with a limited average of nasal symptomology, and
by giving each patient terfenadine (60 mg) as rescue medication, with a maximum of two tablets
each day. Nevertheless nine out of 21 patients in the placebo group did not complete the study
versus four out of 21 patients in the FPANS group. Reasons for withdrawal in the placebo group
were mainly ineffectiveness of study medication and failure o return, which probably also
reflects ineffectiveness of study medication.

Intranasal corticosteroids are considered safe regarding their effect on nasal mucosa after long-
term use (4-7) , This is, to our knowledge, the first placebo-controlled, long-term study in which
nasal biopsies were taken to assess the safety of FPANS regarding nasal mucosa. Although
Fluticasone Propionate is a potent local corticosteroid, no deleterious effects of FPANS on nasal
mucosa was observed after a year of daily usage. In the present study the nasal mucosa, with
regard to cellular infiltration, oedema, basement membrane thickness and epithetial changes,
improved in either patient group after one year freatment in half of the patients. Only in the
number of unchanged and worsened nasal mucosa specitnens differences were noted between
the two treatment groups, favouring the FPANS group. On the whole, 15 out of 16 patients in the
FPANS group showed an improvement or, at least, no change of the mucosal specimens, versus
eight out of 12 in the placebo group. The fact that active treatment as well as placebo treatment
resulted in an improvement of the nasal mucosa in half of the patients may also be attributed to
natural fluctuations of the disease. 1t is also conceivable that the daily spraying results in a minor
nasal washing with beneficiary resuits on the quality of the nasal mucosa.

Treatment with FPANS at a dose of 100 meg b.i.d. was well tolerated. No differences in nasal
assessments and reported adverse events were found between the FPANS group and the placebo
group after one year treatment. The reported incidence of epistaxis was higher in the FPANS
group, but with nasal assessrnent after one year no difference in nasal bleeding was observed.
The cause of epistaxis is not clear. Local irritation associated with nasal sprays will not differ
between the FPANS and the placebo users. Therefore the occurrence of epistaxis must probably
be attributed to the steroid itself, although biopsy study of the nasal nmwcosa showed no
histological damage or atrophy:.

No changes were found in HPA axis measurements, analysis of routine biochemistry,
haematology and urine, probably due to the low bioavailability of FPANS. The safety
evaluations in this placebo-controlled study confirm the results from previous studies in which

either long-term or high-dose treatments were used (10, 12, 13).
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FPANS has been proven effective in other studies concerning either seasonal or perennial
altergic rhinitis, reducing nasal obstruction, sneezing and discharge (10, 12, 13). Our results
show that after one year treatment sneezing, itching and total symptom score was significantly
reduced in the FPANS group, with no significant change for nasal obstruction and discharge.
There are several explanations for the fact that we did not find significant improvement in all
nasal symptoms. The symptom score we used with a four point scale may not be sensitive
enough to detect subtle changes. Also, compared to other studies (10, 12, 13), the total
number of included patients was small. Moreover, the median symptom score in our patient
group was not high when they were selected, therefore the feasible improvement is small.
Surprisingly, after an initial decrease in total symptom score a further decrease was seen after
eight months' therapy in the FPANS treated group. These findings suggest that the maximum
efficacy of topical intranasal steroids is reached after long-term freatment, and thus suggests
longer usage before treatment is stopped because of presumed inefficacy.

In conclusion, FPANS is a well tolerafed, safe treatment for patients with a perennial allergic

rhinitis with no evidence of mucosal damage afler long-term use.
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Introduction

Topical corticosteroids are of proven efficacy in allergic rhinitis and have been shown to
inhibit both the immediate and fate response to allergen (1-5). Topical steroids prevent the
accumulation of mast cells in the nasal mucosa, as well as the degranuation of mast cells and
reduce the fevels of histamine, TAME-esterase activity, and kinins in the early, late and
rechailenge allergic reactions in nasal secretions (4-7). Corticosteroids have also been found
to inhibit the migration of neutrophils and eosinophils (8,9). Treatment with the corticosteroid
nasal spray Budesonide significantly reduces the number of eosinophils in nasal secretion of
patients with perennial rhinitis (10). The operation of these drugs, however, remains
uncertain.

In the skin, topically applied corticosteroids cause a decreased expression of MHC class 11
antigens (HLA-DR) on Langerhans cells {11). Also a subsequent reduction has been reported
of the number of Langerhans cells in the epidermis (12). Moreover, topical corticosteroid
therapy was claimed to decrease Langerhans cell-dependent T cell activation, which couid not
be restored by exogenous interleukin-1 {13). These findings in the skin suggest that topical
steroid therapy suppress antigen presentation by a direct effect on the antigen presenting
function of Langerhans cells.

In earlier studies, we identified Langerhans cells in the nasal mucosa {14). The incidence of
Langerhans cells was found to increase during allergen provocation (13,16). Recently,
activated T cells, expressing interleukin (IL) 2 receptors (CD25+) on the celt surface, were
identified in nasal mucosa of patients with allergic rhinitis, suggesting a role for these cells in
nasal allergy (17,18).

To investigate whether the number of Langerhans cells, total T cells (CD3+) and T cell
subsets (T-helper, CD4+ and T-suppresor, CD8+) in the nasal mucosa is influenced by
corticosteroids, the effect of Fluticasone propionate aqueous nasal spray (FPANS), a new
corticostercid spray, was studied in the nasal mucosa of 22 patients with perennial allergic

rhinitis.
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Material and methods

PATIENTS AND CONTROLS

Twenty-two patients participated in the study. The paticnts (mean age 26 yr,, 15 &, 7 @) had
had perennial allergic rhinitis for at least one year. The diagnosis perennial allergic rhinitis
was confirmed by a radio-allergosorbent test (RAST) score of at least 3° (3" - 5) for house

dust mite allergen (HDM) and sometimes other allergens like dander or pollen.

NASAL BIOPSIES

The study was conducted in a double blind manner with patients randomised into two groups.
There was a run-in period on placebo of four weeks followed by Fluticasone propionate or
placebo for 12 weeks. Biopsies of nasal mucosa were taken after the run-in period and after
three months use of the trial drug. Nasal biopts were taken from the lower edge of the inferior

turbinate using a Gerritsma forceps and processed as described elsewhere (19).

NASAL SYMPTOM SCORE
The symptoms of nasal blockage, nasal discharge, sneezing, and nasal itching were assessed
by the investigator at each clinic visit and also by the patient in a diary card for a ten day

period before each visit fo the clinic. Both assessments used a four-point scale.

STAINING PROCEDURE

From each specimen serial 6 pm-thick sections of nasal mucosa were cut on a Reichert-Jung
2800 Frigocut cryostat and transferred to gelatine-coated microscope slides. The sections
were stained according to a previously described immuno-alkaline phosphatase (AF) method
{Fokkens et al., 1989a) using the monoclonal antibodies 66IIC7 (anti-CDla on Langerhans
cells)( Sanbio Monosan), anti-HLA-DR for dendritic cells/Langerhans cells and lymphocytes
{Central Laboratory of the Red Cross Blood Transfusion Service, Amsterdam), anti-CD4 (T-
helper cell) (Central Laboratory of the Red Cross Blood Transfusion Service, Amsterdam),
anti-CD3 (total T cell number}(Becton Dickinson, Mountain View, Ca, USA), anti-CD25
(anti-IL2 receptor on activated T cells) (Becton Dickinson, Mountain View, Ca, USA), and
anti-CD8(T-suppressor cell) (Monosan, Sanbio, Uden, the Netherlands}).
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CELL QUANTIFICATION
The surface area of two sections in total and of the epithelium and lamina propria separately,

was estimated by means of the image analysis system Videoplan Kontron 2.1. Cells binding
the tmonoclonal antibody used, had bright red surface membranes, red stained cytoplasm or
both, depending on the cell type and/or monoclonal antibody evaluated. Cells were counted if
they stained red and contained a nucleus, When a group of positive cells lay very close
together or overlapped each other, only the definitely positive cells were counted.

The number of Langerhans cells and T cells were counted separately in the epithelium and the
tamina propria of two sections at a magnification of 250x. The number of cells/mm’ section
area was calculated in epithelium and lamina propria.

The number of HLA-DR" cells could not be determined reliably because many positive cells
were in close proximity and/or separate dendritic cells could not be readily distinguished. The
number of HLA-DR" cells was assessed semi-quantitatively on a score from 0 to 4 with steps
of 0.5, representing a range from practically no HLA-DR" cells to large numbers of HLA-DR"
cells, Moreover, based on morphology and localisation, semi-quantitative assessment was
made of the number of HLA-DR" Dendritic Cells (DC)/ macrophages, lymphocytes and
epithelial ceils, also on a 0 to 4 scale, Only cells clearly resembling lymphocytes (small,
round, practically no cytoplasm) were judged to be lymphocytes. The rest of the migratory
cells were judged to be DC/macrophages. HLA-DR epithelial cells were easily recognised by
morphology and location. Control sections treated with phosphate-buffered saline or an

irrelevant monoclonal antibody were negative,

STATISTICAL ANALYSIS
2

Since the frequency distribution of the number of CDla’ cells and T cells per mm® in
epithelivm and lamina propria was not symmeirical and the variances were unequal, the
two-tailed Mann-Whitney rank sum test of the differences was used. Differences in the score
of HLA-DR' cells were analysed with the sign test. A p-value < 0.05 was considered to

indicate a significant difference between groups.
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Results

The sections of nasal mucosa had an average surface area of 3 mm® and usually showed a
fining of cifiated columnar epitheliwm with or without goblet cells andfor partially stratified
cuboidal epithelium. The epitheliom could not be evaluated in 1 patient who was excluded
from the study. The lamina propria usually consisted of a sub-epithelial cell-rich layer with
most of the mucous glands and a deeper collagenous cell-poor layer onto the bone. All
sections were deep enough to assess both layers,

After three months of therapy no histological changes of nasal mucosa were observed in
either patient group.

CDla" cells were found in the epithelium and predominantly in the sub-epithelial layer, in and
around the glandular tissue of the lamina propria. All sections showed CD1a" dendritic cells
in the epithelium and in the lamina propria before the start of the trial. After three months of
therapy, the number of CDla" cells in epithelium and lamina propria (Fig.1) in the group
receiving FPANS was significantly lower than in the placebo group (epithelium p<0.01,
lamina propria p<0.G1).

HLA-DR" cells were found in the epithelium and predominantly in the subepithelial layer of
the lamina propria. The HLA-DR" migratory cells showed mostly dendritic and sometimes
lymphocytic morphology. Epithelial cells in the epithelium and/or epithelial cells in the
mucous glands were positive in 13 out of 44 sections evaluated. Occasionally clusters (100-
1000 cells) of HLA-DR' cells (dendritic and Iymphocytic morphology) were seen in the
lamina propria, mainly in the sub-epithelial layer,

Before the trial, no significant difference was found in the total score of HLA-DR” cells, or
the score of HLA-DR" cells with dendritic or lymphoid morphology between the placebo
group and the group about to receive FPANS. However, the score of [HILA-DR' cells differed
significantly between the patients. After three months of therapy, the group receiving FPANS
showed a significant decrease in the score of the HLA-DR" cells with a dendritic morphology
(epithelium p<0.01, lamina propria p<0.01), the score of the HLA-DR' cells with a
tymphoeytic morphology (epithelivm p<0.05, lamina propria p<0.005) and the total number
of HLA-DR" cells in epithelium (p<0.001) and lamina propria (p<0.001), whereas the placebo
group did not do so (Fig 1).
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Figure 1. Number of CD1 and HLA-Dr positive cells in nasal epithelium and lamina propria of patients with
perennial alfergic rhinitis after 3 months of either Fluticasone Propionate Aqueous Nasal Spray (FPANS) or
placebo therapy. Significant lower cell counts for CD1 and HLA-Dr positive cells were observed in the FPANS

group compated with placebo

T cells were mainly observed in the lower and middle layer of the epithelium. In the lamina
propria most T cells were seen in the subepithelial layer and between the glands. No
significant change in number of total T cells, T cell subsets and activated T cells was found
after corticosteroid therapy in nasal mucosa (Fig. 2,3). In nasal epithelium of patients treated
with FPANS a clear downward trend of both CD3+ and CD8+ T cells was observed, although

no significant difference with placebo-treated patients was found (p=0.06 resp. p=0.07).

Symptom score as assessed by the dairy card did net show a significant difference in total
symptoms score or separate symptom score between the FPANS-treated group and the

placebo-treated group during the treatment period (data not shown).
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Figure 2. Number of T cells and subsets in nasal epithelium of patients with perennial allergic rhinitis after 3
months of either Fluticasone Propionate Aqueous Nasal Spray (FPANS) or placebo therapy. No significant

difference in cell numbers were seen.

Discussion

In this study the influence of a new nasal corticosteroid, i.e. Fluticasone propionate aqueous
nasal spray, on nasal Langerhans cells, T cells and HLA-Dr+ cells was investigated.

Nasal corticosteroid therapy has become an established procedure in allergic rhinitis. The
exact working mode, however, is unclear, In studies on biopts of nasal mucosa, confrary to the
skin, so far no significant structural changes have been found following local corticosteroid
therapy (20,21).

In the skin topical corticosteroids reduce the number of Langerhans cells and the expression

of HLA-DR on these cells. Possibly due to the decreased HLA-DR expression, the antigen
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Figure 3. Number of T cells and subsets in famina propria of patients with perennial allergic rhinitis after 3
months of either Fluticasone Propionate Aqueous Nasal Spray (FPANS) or placebo iherapy. No significant

difference in cell numbers were seen

presenting capacity of Langerhans cells was reduced in mice, and possibly also in man
(13,22). These findings suggest that topical steroid therapy suppress antigen presentation by a

direct effect on the antigen presenting function of Langerhans cells,

In this study we evaluated the number of CD1a’ cells and HLA-DR™ cells in the nasal mucosa

of patients with perennial allergic rhinitis before and 3 months after FPANS therapy.

The score of HLA-DR' cells decreased significantly during therapy. In the skin of the guinea
pig, Belsite et al. described a loss of Ta (MHC class II) but no irreversible struciural changes
during glucocorticosteroid treatment (23). Also in the human skin selective reduction in the
expression of HLA-DR was found, but not of CD1a (11,12). These results suggest a change in
cell surface markers rather than loss of the whole cell. However, studies in the human skin
also show a decrease of CDla’ cells following more prolonged (a few days)
glucocorticosteroid treatment. In literature no EM studies of buman skin could be found to
definitely prove that not only the expression of CDla decreases, but the number of CDla"

cells as well.
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In this study we found a considerable decrease in numbers of CD1a" cells in the epithelium
during FPANS therapy (median numbers from 127 to 5). This decrease is much larger than
the decreases reported in the skin. Possible explanations are that the glucocorticosteroid
therapy is more effective in the nose, probably due to better penetration or that the new
FPANS is a stronger glucocorticosteroid, Tn the skin, the decrease in the number of CDla'
cells was dependent on the potency of the topical corticosteroid used (24).

In vitro, corticosteroids have been known to reduce T cell responses fto mitogen (25).
Interleukin-2 receptor expression does not seem to be affected after corticosteroid therapy
(22). During the late phase response a reduction of the influx of mononuclear cells in the nose
after pre-treatment with Flunisolide was seen (27). However, no data are avaitable concerning
the dynamics of T cells in nasal mucosa in the continuous allergic reaction. In our study no
significant change in number of T cells, T cell subsets and activated (IL-2R+) T cells in nasal
mucosa was found after three months of corticosteroid therapy, which apparently corresponds
with the in vitro findings.

The efficacy of FPANS has been proven in the treatment of allergic rhinitis (3). In our study
no signiftcant reduction in symptom score was found. The patients in this study were selected
on having a RAST score of at least 3", Some patients had serious, while others had only mild
nasal complaints, This, in combination with a relatively small patient group (22}, probably
explains why FPANS failed to reduce the symptoms significantly in this study.

In conclusion, the present study shows a decrease in CDla' cells and HLA-DR" cells, but no
significant change in T cell and activated T cell numbers, in nasal mucosa of patients with
perennial allergic rhinitis during FPANS therapy. This finding suggests a decrease in antigen
presentation. The subsequent decrease in T cells stimulation, without a corresponding
decrease in 1L-2 receptor expression, may result in a reduction of the reactions that are
dependent on T cell derived mediators. Further study is necessary in order to determine
whether Langerhans cells disappear from the nasal mucosa during FPANS therapy or that
these findings are a result of a change in cell surface markers. Also the effect of FPANS
therapy on antigen presentation of Langerhans cells and T cell function has yet to be

evaluated,
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Introduction

Allergic rhinitis is associated with the local accurudation of Langerhans cells, T cells and
activated T cells, eosinophils and nevtrophils in the nasal mucosa after allergen challenge (1-
4).

Topical intranasal glucocorticosteroids are very effective in the treatment of patients with
allergic and perennial rhinitis. Corticosteroids reduce the influx of ecosinophils, neutrophils
and mononuclear cells in nasal secretions in allergic rhinitis {5-7). Topical corlicosteroids are
usually effective after one or two weeks. Andersson et al. even found that short {one day) pre-
treatment with topical sferoids abolished the allergen-induced increase in nasal hyperresponsi-
veness (5).

It is, however, not clear whether topical coriicosteroids have the maximum effect on either
syiptoms or nasal mycosat inflammatory cells after this short period of one to two weeks, or
whether efficacy increases after prolonged treatment, with concomitant alterations in
inflammatory cetl numbers. Few studies have looked at the influence of prolonged treatment
with topical corticosteroids on inflammatory cells in the nasal mucosa (8-10). In a previous
study we reported a significant decrement in the number of Langerhans cells in the nasal
mucosa and a trend of decreasing numbers of T cells in the nasal epithelium after three
months of Fluticasone Propionate Aqueous Nasal Spray (FPANS) treatment (9). No data is
yet available concerning the long-term effect of topical intranasal steroids on the cellular
response in the nasal mucosa during natural allergen exposure,

The present study was designed to investigate the long-term effect of FPANS with reference
to the nasal mucosa and inflammatory ceils, efficacy, adverse events, and tolerability in a one-
year, randomised, placebo-controlled, double-blind study in patients with perennial allergic
thinitis. This paper presents the effects of FPANS on inflamunatory cells. Data about safety
(adverse events) and tolerability has been published separately. FPANS proved to be a well-
tolerated safe treatment for patients with perenmial allergic rhinitis. Furthermore, ne
deleterious changes were observed consequent to therapy in nasal mucosal biopsies after one

year of treatment (11).
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Material and methods

STUDY DESIGN

This study was designed as a single-centre, double-blind, randomised, placebo-controlled,
parallel-group study. There was a run-in period on placebo of four weeks followed by FPANS
(100 pg b.i.d) or placebo for 52 weeks. Patients were supplied with terfenadine tablets (60
mg) as rescue medication. Throughout the study, no concurrent medication was permitted for
rhinitis, including sodium cromoglycate, vasoconstrictor sprays or lablets and other
aniihistamines, Patients visited the clinic 11 times dwing the study period at 4-6 week
intervals. This made it possible to monitor the patients as well as possible without making the
burden of the visits to the clinic excessive. The symptoms of nasal blockage, nasal discharge,
sneezing, and nasal itching were assessed by the investigator at each clinic visit and also by
the patient in a diary card for a ten-day period prior to each visit to the clinic. Both
assessments used a four-point scale (0=no symptoms, 1=mild, 2=moderate, 3=severe}.

The local Medical Ethics Comumittee approved the stady.

PATIENTS

Forty-two patients entered the comparative treatment period. The patients (mean age 28 years,
28 male, and 14 female) had had perennial allergic rhinitis for at least one year. Patients
experienced symptoms throughout the year. A skin prick test and a radio-allergosorbent test
{RAST) confirmed the diagnosis of perennial allergic rhinitis A minimum of a 3+ positive
reaction to house dust mite allergen (HDM) was required in the skin prick test. If there were
more posilive reactions, the reaction to HDM had to be the most positive reaction. Table |
shows which allergens patients were sensitised to. Patients were excluded if they had serious
or unstable disease, recurrent or chronic infection of the upper and lower respiratory tract or
structural abnormalities, They were also excluded if they had undergone nasal surgery less
than six weeks prior to the study or if they were taking concurrent medication such as oral or
inhaled steroids, intranasal sodium cromoglycate or intranasal sympaticomimetic therapy.
Female patients were excluded if they were pregnant or lactating. Written informed consent

was from all patients prior to entry to the study.
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Table 1. Resulls of the skin-prick test for the intent-to-treat placebo and FPANS groups (* minimum reaction 3+)

positive skin-prick test resulis Placebo FPANS
house dust mite” 21 21
grass pollen 7 9

tree pollen 2 I

cat 8 8

dog 5 7

horse 2 2

rabbit 4 |
parakeet 1 0
guinea pig 3

NASAL BIiOPSIES AND STAINING PROCEDURE

Biopsies of nasal mucosa were taken after the run-in period, after three months and after 12
months use of the trial drug. Patients were instructed not to take Terfenadine 48 hours before
their visit to the clinic in order to minimise the effect on nasal mucosa, Nasal biopsies were
taken from the lower edge of the inferior turbinate using a Gerritsma forceps and processed as
described elsewhere ([2). From each specimen, serial 6 pm-thick sections of nasal mucosa
were cut on a Reichert-Jung 2800 Frigocut cryostat and transferred to gelatine-coated micro-
scope slides, The sections were stained for cell surface and intracellular markers using a
previously-described alkaline phosphatase anti-atkaline phosphatase method (13). Langerhans
cells were stained with the monoclonal antibody 661IC7 (CD1a, Sanbio, Monosan, Uden, the
Netherlands), T cells and subsets with anti-CD4 {Central Laboratory of the Red Cross Blood
Transfusion Service (CLB), Amsterdam, the Netherlands), anti-CD3 and anti-CD25 (Becton
Dickinson, Mountain View, Ca, USA)} and anti-CD8 (Monosan, Sanbio, Uden, the
Netherlands). Macrophages were stained with anti-CD68, monocytes with anti-CD14,
(Mon.1, Central Laboratory of the Red Cross Blood Transtusion Service (CLB), Amsterdam,
the Nethertands), eosinophils with anti-BMK 13, and activated ECP-secreting eosinophils with
anti-EG2. Mast cells were stained with the mAb anti-tryptase {G3 4ig/ml) and with anti-

chymase biotin (B7 3.31g/ml, Chemicon, Brunschwig, Amsterdan, the Netherlands).
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CELL QUANTIFICATION

Estimates were made of the total surface area of two sections and of the epithelium and
lamina propria separately using the Videoplan Kontron 2.1 image analysis system. Cells
binding a monoclonal antibody had bright red surface membranes, red stained cytoplasim or
both, depending on the cell type and/or monoclonal antibody evaluated. Cells were counted if
they stained red and contained a nucleus. When groups of positive cells lay very close
together or overlapped each other, only the definitely positive cells were counted. The cell
numbers in epithelium and lamina propria were divided by the area and expressed as number
of cells per mm?. The number of CD 14 positive cells was assessed semi-quantitatively using a
four-point scate { 0-3: epitheliunm:0 = -5 cells per view, magnification 20X, 1 = 5-15 cells, 2
= 15-20 cells, 3 = more than 20 cells; lamina propria; 0 = 0-10 cells, 1 = 10-30 celis, 2 = 30-

60 cells, 3 = more than 60 celis).

STATISTICAL ANALYSIS
Since the frequency distribution of the number of CDl1a’ cells, T cells, CD68+ cells, mast

cells and eosinophils per mm? in the epithelium and lamina propria was not symmetrical and
the variances were unequal, the two-tailed Mann-Whitney rank s test of the differences
was used. Differences in the score of CD14 positive cells were analysed with the sign test.
The total score of nasal symptoms was obtained from the diary card. It covered seven
consecutive days before a clinic visit and the various symptoms. Total symptom scores were
summarised per patient as average change from baseline during weeks 4 to 52, A comparison
was then made between the two freatment groups using a t-test. A repeated measures analysis
of variance was conducted to test for a difference between the two treatment groups in the
trend over time for the total symptom scores, taking all ten repeated measuremenis into
account (weeks 0 to 52), The common intercept used for the two treatment groups was the
mean baseline level (week 0). Separate symptom scores were analysed using the Van Elteren
rank sum method (i.e. a stratified Wilcoxon rank sum test), adjusting for baseline. A p-value <

0.05 was considered to indicate a significant difference between the groups.
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Results

Of the 42 patients entering the comparative treatment period, 21 were randomly allocated to
the FPANS group and 21 to the placebo group. Four patients receiving FPANS and 9 patients
receiving the placebo were withdrawn during the treatment period (table 2). In four patients,
there was no evaluable mucosa. Of the patients included in the analysis, sixteen were treated

with FPANS and nine with the placebo,

Table 2

Reasons for withdrawal after start of comparative treatment period.
Reason FPANS placebo
adverse event 1 0
did not wish to continue 0 2
failure to retum 1 4
ineffectiveness of medication 0 3
moved from area I 0
work commitments 1 [
total 4 Of

# A patient may have more than one reason for withdrawal

NASAL SYMPTOMS

During the run-in period, nasal symptoms did not differ sigpificantly between the two groups.
The total symptom score showed a reduction in the FPANS group after four weeks of
treatment (first visit after commencing treatment), with a further reduction after 46 weeks of
treatment (fig.1). Between week 4 and week 52, the mean change from baseline in the average
total symptom score was significantly higher in the FPANS group than in the placebo group
{p=0.018). A repeated measures analysis of variance showed, in the FPANS group, a

downward linear trend over time in the total symptom score which was significantly greater
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than in the placebo group (p=0.009). The symptom scores for sneezing and nasal itching were
significantly better for the FPANS group than for the placebo group after one year of

treatment (p<0.05). No significant changes for nasal obstruction and nasal discharge were
observed. There was no statistical difference in the use of Terfenadine between the two
treatment groups during the whole treatment period. No correlation was found between

symptoms and cell parameters,

Figure [. Total symptom score of FPANS- and placebo-treated groups. A significant stronger decline in totaf
symptom score was seen in the FPANS group compared to the placebo group (p=0.009). SEM is indicated by the
vertical lines. { B, placebo; A, FPANS)

symptom score

clinic visils

LYMPHOCYTES

T cells were mainly observed in the lower and middle tayer of the epithelium. In the lamina
propria, most T cells were seen in the subepithelial layer. In the nasal epithelivm of patients
treated with FPANS, a clear downward trend was seen after three months in the numbers of
CD3 and CD8§ positive cells. After one year of treatment, significantly lower numbers of
CD3+, CD4+ and CDS8+ positive T cells were seen in the active treatment group compared to
placebo (p<0.05, p<.05, p<0.01, respectively)(figure 2). There was no difference between
the two treatment groups during therapy in the number of CD25+ cells. After three months
and one year of treatment, no differences were seen in the fotal number of T cells and T cell

subsets in the lamina propria between the FPANS and placebo groups (figure 3).
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Figure 2.
The number of T cells and T cell subsets (cells‘imm?) in the epithelium in the FPANS (B) and placebo {7}

groups during one year of treatment. The median, interquartile range and the 2.5 and 97.5 centifes are shown.
Significant differences are found for CD3, CD4 and CD8 positive cells between the two treatment groups
(p<0.05).

LANGERHANS CELLS, MACROPHAGES and MONOCYTES

CDla’ cells were found in the epithelium, predominantly in the sub-epithelial layer, In all
sections, there were CD1a" dendritic cells in the epithelium and in the lamina propria before
the start of the trial. After three months and one year of treatment, the number of epithelial
CD1a+ cells in the FPANS group was significantly lower (p<0.01) than in the placebo group.
After three months of FPANS treatment, significantly lower numbers of CDI+ cells (p<0.01)
were seen in the lamina propria, but not after one year of treatment. The number of

macrophages and monocytes did not change significantly during treatment (figure 4).
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Figure 3.
The number of T cells and T cell subsets (cells/mm?) in the lamina propria in the FPANS (B} and placebo (73) groups

during one year of treatment, No significant changes were found during one year of freatment.

EOSINOPHILS

After three months and twelve months, the total number of eosinophils was significantly
reduced in both the epithelium and lamina propria (p<0.05) in the FPANS group compared to
the placebo group. The number of EG2+ cells in the lamina propria in the FPANS group was
significantly reduced (p<0.05) after three and twelve months. In the epithelium, there was a
downward trend after three months and twelve months {p=0.06)(figure5). There was no
difference in the ratio of EG2/bmk13 positive celis between the treatment groups after three

and twelve months.

MAST CELLS
Most of the biopsy specimens showed no iryptase or chymase positive cells in the epithelium,
No significant differences in epithelial tryptase and chymase positive cells were observed

between the two treatment groups after three and twelve months, Tryptase and chymase
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Figure 4.
The number of CDI and CD68 positive cells in the nasal mucosa in the FPANS {B) and placebo {{J) groups during
one year of treatment, The median, interquartile range and the 2.5 and 97.5 centiles are shown. Differences are

indicated between the two treatment groups (* = p<0.05, ** = p<(.01).

positive cells were found throughout the lamina propria. Both tryptase and chymase positive
cells were significantly reduced in the FPANS group compared to the placebo group (p<0.05)

after three and twelve months ( figure 6).

Discussion

In the present study we confirmed our previous finding of a reduction in the number of

Langerhans cells in nasal mucosa after three months of steroid treatment in patients with
perennial allergic rhinitis (9). Moreover, we found a significant decrease in the number of T
cells and T cell subsets in the nasal epithelium after one year of steroid treatment. To our
knowledge, no data is available about the dynamics of T cells in the continuous allergic
reaction during corticosteroid treatment. A few studies have addressed the long-term use of
intranasal steroids, but they did not investigate nasal mucosal inflammatory cell changes (14-

16). These studies investigated the effect of topical steroids on nasal mucosa integrity. Others
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Figure 5.
The number of cosinophils in nasal mucosa in the FPANS (H) and placebo (01} groups during one year of
treatment. The median, interquartile range and the 2.5 and 97.5 centiles are shown. Differences are indicated

between the two treatment groups (* = p<0.05).

have presented data on the effect of topical intranasal steroid therapy on nasal mucosal
inflammatory cells, bui only afier a short treatment period and after artificial allergen
provocation {17-19). Rak et al. have investigated the effect of prolonged treatment (six weeks)
with a topical corticosteroid on cellular infiltration in the nasal mucosa after allergen chal-
lenge (20). Twenty-four hours after allergen challenge, they found a reduction in the

number of nasal mucosal T cells afier treatment with FPANS. This reduction was more
pronounced in the epithelium than in the lamina propria, This result is consistent with our
findings. Our study found no significant changes in T cells in the lamina propria after steroid
treatment. This difference with the finding of Rak et al. can probably be explained by the
higher allergen dose which was used in their study for local provocation, with a more marked
increase in both early and late phase response compared with natural allergen exposure in our
study. Unlike Rak et al,, we were unable fo find a reduction in the numbers of 1L.-2 receptor
(CD25) positive T cells,

In vitro, corticosteroids have been known to reduce T cell responses to mitogen (21).
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In vitro, also, interleukin-2 synthesis is reduced by glucocorticosteroids with an inhibition of
T lymphocyte proliferation as a result (22). In addition, glucocorticosteroids inhibited 1L-2
receptor expression by T cells (23, 24). Our findings that CD4 positive, CD8 positive and
CD3 positive lymphocyte numbers were reduced in the epithelium of the nasal mucosa
therefore correspond to the in vitro findings. However, our findings of unchanged numbers of
CD25 positive cells {activated T cells) in the nasal mucosa is in contrast to what we had
expected based on the in vitro results(23, 24) and the study of Rak et al.(20).

An interesting finding is the significant reduction in the number of T cells after one year of
freatment, something which was not seen after three months of steroid treatment, although a
frend was noticed (9). This finding may be explained by the fact that the three-month and
one-year biopsies were taken in different seasons. However, patients entered the study over a
period of six months. Seasonal influences are therefore not likely to affect to any major extent

mean nasal mucosal cell counts.

chiymase epthelum iryplase epithelum

e T =
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Figure 6. The number of mast cells in nasal mucosa in the FPANS (B) and placebo (O) groups during one year of
freatment. The median, interquartile range and the 2.5 and 97.5 centiles are shown. Differences are indicated between

the nwo treatment groups (* = p<0.05, ¥* = p<0.01).
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Langerhans cells are known to be potent antigen-presenting cells (APC) and their numbers
increase in nasal mucosa during allergen provocation (1, 25). The number of Langerhans cetls
in the epithelium and lamina propria after three months was significantly lower in the FPANS
group compared to the placebo group. After 12 months, however, a significant reduction in
the number of Langerhans cells was seen only in the epithelium in the FPANS group
compared to the placebo group. The reason for this finding is unclear. It does not seem to
reflect a transient effect of corticosieroids, since it is not seen with other celi types. In
addition, a transient effect of corticosteroids is nof reflected in symptomatology.

The effectiveness of FPANS in reducing the symptoms of seasonal and perennial rhinitis has
been well documented (6, 26, 27). Topical nasal steroids are potent drugs for the relief of
nasal symptoms in allergic rhinitis. Efficacy is also confirmed with this study as the total
nasal symptom score improves significantly afler twelve months of FPANS treatment
compared with placebo treatiment. Looking at separate nasal symptoms, however, we could
not find any significant decrease in nasal obstruction and rhinorrhea was seen throughout the
one-year treatment. There may be several explanations for this finding. The symptoimn score
we used with a four-point scale may not be sensitive enough to detect changes. Moreover, the
median symptom score in our patient group was not bhigh when they were selected. The
potential for improvement is therefore small. In addition, compared to other studies, the total
number of included patients was small.

The eosinophil is considered important in the pathophysiology of allergic rhinitis {17, 28).
Lozewicz et al. found that pre-treatment with steroids inhibits the activation of infiltrating
eosinophils in the nasal mucosa, with no change in the numbers of total numbers of
eosinophils (19). Others found a reduction of eosinophils in nasal washings and nasal
cytograms, but did not use monoclonal antibodies to stain eosinophils and activated
eosinophils (6, 17, 29). Bende at al. found, in patients treated for between three and 36 months
with Beclomethasone diproprionate and non-freated controls for non-allergic perennial
rhinitis, no differences in cosinophils, leukocytes and general inflammation in nasal mucosa
(30). In the present study we found a reduction in both total number of eosinophils, and in the
number of activated eosinophils in the nasat mucosa. This concurs with the findings of others
who used monoclonal antibodies for staining (10, 20), indicating not only an inhibition of
cosinophil activation, but also an inhibition of infiltration of eosinophils in the nasal mucosa.

We did not find a difference between the ratios of EG2/bmk13 pesitive cells in nasal mucosa
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in the two treatment groups. However, if the number of activated eosinophils and the number
of total eosinophils are equally reduced in the actively-ircated group, the ratio of these two
cells would not change. This may explain why we did not find a significant difference in the
ratio of EG2/bmk13 positive cells after three and twelve months.

In the present study, a significant reduction was observed in the number of MCr and MCc in

the FPANS group. This reduction in MCy was also found by Juliusson et al, after steroid

treatment (31).

Macrophages have been claimed to be involved in the inflammatory process of allergic
thinitis (32). However, with Juliusson, we found no ch-ange in the number of macrophages
and monocytes after steroid treatment.

In summary, long-term topical nasal steroid therapy results in a reduction of nasal
inflammatory cells compared to placebo treatment. From this study, it is clear that
corticosteroid treatment reduces several cells involved in the inflammatory cascade,
Furthermore, this study suggests that the maximum effect of topical steroid treatment is

reached after prolonged {reatment,
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Introduction

The mucosal inflammation in allergic rhinitis is characterized by the presence of tissue
infiltration of Langerhans cells, T cells and activated T cells, mast cells, eosinophils and
neutrophils in the nasal mucosa after allergen challenge (1-6). Topical steroids are effective in
the clinical management of allergic rhinitis and inhibit both early and late phase responses
after allergen chatlenge. Topical corlicosteroids reduce the influx of eosinophils, neutrophils,
Langerhans cells and mononuclear cells in nasal secretions and nasal biopsies in allergic
thinitis (7-10). Usually, in allergen provocation studies investigating the effect of
corticosteroids on nasal mucosal inflammatory cells, baseline nasal biopsies are taken before
the treatment period and a second biopsy at some moment (maximum 24 hours) after nasal
allergen provocation (11, 12), Lozewicz et al. investigated the effect of FPANS on
eosinophils in nasal mucosal biopsies taken at several time points between ¢ and § hours (13).
There, however, remains a shortage of knowledge concerning ireatment effects on
unchallenged nasal mucosa of allergic rhinitis patients, and how treatment interferes with
events occurring directly, and after an extended period after allergen provocation. With a
repeated biopsy method we tried fo  understand better the pathophysiological aspects
occurring before and after allergen provocation with corticosteroid protection. Topical
corticosteroids are usually effective in reducing nasal symptoms after one or two week’s
usage. Andersson et al. found that even a short {one day) pre-treatment with topical steroids
abolished the allergen-induced increase in nasal hyperresponsiveness (7). Allergic patients
usuaily start taking their medication at the presentation of the first symptoms, but there are
clues that it is advisable to start the steroid treaiment before the grass-pollen season
begins(14), In this study we have examined the influence of six week pretreatment with a
topical corticosteroid Fluticasone Propionate Aqueous Nasal Spray (FPANS) on nasal

mucosal inflanumatory cells during allergen provocation,
Material and methods

PATIENTS

Nineteen patients, 11 female, 8 male, between 18-51 years old participated in this study. They
all had a history of a seasonal allergic rhinitis for grass pollen for at least two years. None of
the patients had a history of an allergy to other common allergens like house dust mite, cat

and dog. This was confirmed by a positive skin prick test (3+) with Alutard Soluprick
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extract of 1 SQ/m! and no extensive skin prick reactions (£14) to other relevant allergens. The
patients were not taking medication at the time of the study and suffered no other nasal com-
plaints. They received no immunotherapy in the three years before this study. No
abnorinalities were seen at ENT-examination. There were no significant differences between
the FPANS and placebo groups concerning severity or duration of allergic rhinitis. There
were no significant differences in demographic characteristics.

All patients gave their written informed consent and the medical ethical committee of the

hospital approved the study.

STUDY DESIGN

This double blind, randomized, placebo-controlled, parallel-group study was conducted
during autumn of 1995, out of the hay fever season. After randomization 10 patients used
Fluticasone Propionate Aqueous Nasal Spray (FPANS) 200 pg twice daily and nine patienis
used placebo for six weeks, After this treatment period, provocation took place and the use of
FPANS or placebo was stopped. Nasal mucosa biopsies were taken from the inferior turbinate
using a Gerritsma forceps(15). Each patient underwent five nasal biopsies: l.at baseline,
2.after 4 weeks of treatment (two weeks before provocation), 3.one hour after provocation

with grass pollen, 4.twenty-four hours after provocation and 5.one week after provocation

(figure 1).

N 4 weeks 2 weeks Hr 23 hours 6 days |
Biopsy [ Biopsy 2 Biopsy 3 Diopsy 4 Biopsy §
Treatment 6 No treatment one week
Provocation
10,000 and
160,000 BU

Figure 1. Schematic chart of the study design. After 6 weeks of FPANS or placebo treatment an allergen
challenge was performed. Each patient underwent five nasal biopsies: 1.at baseline, 2.after 4 weeks of treatment
{two weeks before provocation), 3.one hour after pravocation with grass pellen, d.twenty-four hours after

provocation and 5.one week after provocation
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PROVOCATION
The patient acclimatized to the room for 15 minutes. After that, PBS (phosphate buffered

saline), an inert waterish solution was administered, to rule out aspecific hyperreactivity.
After ten minutes, patients were provoked in each nostril with 50 ul of an aqueous nasal spray
containing grass pollen 10,000 BU (ALK, Groningen, The Netherlands) and ten minutes later,
again, with 100,000 BU (ALK, Groningen, The Netherlands). After both provocations, nasal

symptoms ( nasal blockage, sneezing, itching and rhinorrhea) were recorded on a four point
(0-3) scale. Patients were asked to rate their symptoms 3, 6, 9, 12 and 24 hours afler

provocation .

NASAL BIOPSIES
Five nasal biopsies were obtained from each patient. Local anesthesia was achieved by

applying a cotton-wool carrier with 50-100 mg cocaine and 3 drops of adrenaline (1:1000)
under the inferior turbinate without touching the biopsy site for approximately ten minutes,
Biopsies of nasal mucosa were taken from the lower edge of the inferior turbinate, about 2-cm
posterior to the edge, using a Gerritsma forceps with a cup diameter of 2.5 mm. The biopsy
specimens were embedded in Tissue-Tek H O.C.T. compound in a gelatin capsule and
immediatety frozen,

From each specimen serial 6 pm-thick sections of nasal mucosa were cut on a Reichert-Jung
2800 Frigocut cryostat and transferred fo gelatin-coated microscope slides. The sections were
stained for cell surface and intracellular markers according to a previously described
supersensitive immunoalkaline method (16). Langerhans cells were stained with the mono-
clonal antibody 66IIC7 (CDla, Sanbio, Monosan, Uden, The Netherlands), T cells and
subsets with ani-CD4 (Central Laboratory of the Red Cross Blood Transfusion Service
(CLB), Amsterdam, The Netherlands), anti-CD3 (Becton Dickinson, Mountain View, Ca,
USA), anti CD8 (Monosan, Sanbio, Uden, the Netherlands). Macrophages were stained with
anti-CD68, eosinophils with anti-BMK13. Mast cells were stained with the mAb anti-tryptase
{G3 dig/ml) and with anti-chymase biotin (B7 3.31g/ml, Chemicon, Brunschwig, Amsterdam,

the Netherlands).

CELL QUANTIFICATION
The surface area of two sections in total and of the epithelium and lamina propria separately,

was estimated by means of the image analysis system Videoplan Kontron 2.1, Cells, binding
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the monoclonal antibody used, had bright red surface membranes, red stained cytoplasm or
both, depending on the cell type and/or monoclonal antibody evaluated. Cells were counted if
they stained red and contained a nucleus. When groups of positive cells lay very close
together or overlapped each other, only the definitely positive cells were counted. The cell
numbers in epithelivm and lamina propria were divided by the area and expressed as number

of cells per mm?.

STATISTICAL ANALYSIS
The ANOVA repeated measurement was used for statistical analysis of changes before

treatment (biopsy 1) and after allergen provocation (biopsies 3,4 and 5) between the groups. If
significant differences were found using this ANOVA, the Mann-Whitney U-test was used fo
analyze the differences in cell numbers at each biopsy moment, and in severity of symptoms
between groups. A p-value < 0.05 was considered fo indicate a significant difference.
Correlations were performed using Spearman’s rank method. Because of multiple testing a p-

value < 0.0]1 was considered to indicate a significant difference.

Resuits
CLINICAL RESPONSE TO GRASS POLLEN

Nasal challenge with grass pollen resulted in a significant increase in immediate and late nasal
symptoms in both groups with increases in sneezes, itching, nasal blockage and rhinorrhea. A
significant reduction in early phase obstruction {p=0.006), itching (p=0.015), and late phase
obstruction (p=0.024), rhinorrea (p=0.04) was found in the FPANS treated group compared

with the placebo group.

IMMUNOHISTOCHEMISTRY

Effect of treatment (before provocation)

At baseline there were no significant differences in number of cells between the two treatment

groups, therefore the randomization of the two groups was correct. After four weeks of

treatment but before allergen provocation in epithelium fewer Langerhans cells (p=0.0014),

CD68+ cells (p=0.04), BMKI13+ cells (p=0.007), CD3+ cells (p=0.006), CD4+ cells

(p=0.007), CD8+ cells (p=0.0006), chymase positive cells (p=0.01), and tryptase positive

cells (p=0.03) were counted in the FPANS group compared fo the placebo group. In the

lamina propria fewer Langerhans cells (p=0.03) and BMK 13+ cells {(p=0.003) were found in
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Figure 2, Cell counts per mm? in the nasal epithelium at five moments during the study period ( B FPANS; T

placebo) Results expressed as median, interquartile ranges and the 2.5 and 97.5 centiles.

the FPANS group. Results of nasal epithelium and lamina propria are depicted separately in

fig.2, resp. 3.

Changes after allergen provocation
Cell influx in nasal mucosa after allergen provocation was significantly inhijbited in the

FPANS group compared to the placebo group for epithelial Langerhans cells (p<0.001),
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chymase positive cells (p=0.036), macrophages (p=0.005), CD3+(p=0.0001) and CD§+ cells
{p=0.0001), and lamina propria eosinophils (p=0.012), chymase positive cells (p=0.04),
Langerhans cells (p=0.0001), macrophages (p=0.034), CD3+ cells (p=0.0001), CD8+
cells(p=0.042) and Ch4+ cells(p=0.04). Because of the effect of corticosteroid treatment on
cell numbers before allergen provocation (biopsy 2), medication related differences between
the two treatment groups were analyzed. This depicts only the effect of treatment on cell
numbers after allergen provocation and does not take info account changes that occur before
allergen provocation. Significant medication related differences between the two treatment
groups were found in eosinophils {p=0.007}, chymase positive cells (p=0.001), tryptase positive
cells (p=0.0001), Langerhans cells (p=0.0001), CD3+ cells (p=0.0001), CD4+ cells (p=0-
.0001), and CD8+ celis (p=0.0001), and chymase positive cells (p=0.001), tryptase positive
cells (p=<0.0001), Langerhans cells (p=0.04}, and CD8+ cells (p=0.0001).

Associations wera sought between the number of cells in nasal mucosa and the size of the
early and late phase responses. Because of the repeated biopsies it is possible to relate cell
numbers before allergen provocation with the severity of the nasal complaints after atlergen
provocation, and early and late phase responses with cell numbers after % and 24 hours.
Results are shown in table 1 for the placebo treated group and in table 2 for the FPANS

treated group,

Table 1. Correlation between nasal symptoms and cell numbers in the placebo treated group

early phase sneezing IgE lam.prop. hr r=-0.80, p=0.009
eosinophil epithelium'th r=-0.82, p=0.007
clymase lam.prop. Yzhe r=-0.80, p=0.009
1gE epithelium 24hr r=-0.87, p=0.005

sneezing 12hr after provocation tryptase lamina propria biopsy 2 r=0.96, p=0.003
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Figure 3. Cell counts per mm?® lamina propria at five moments during the study period { B FPANS; T placebo)
Results expressed as median, inferquartife ranges and the 2.5 and 97.5 centiles.

Table 2. Correlation between nasal symptoms and number of cells for the FPANS treated group.

eosinophil epithelium biopsy 3 Rhinormrea Shr r=-0.84, p=0.005
Rhinorrea 12hr . r=-0.87, p=0.003
chymase epithelium biopsy 4 duration symptoms r=0.88, p=0.002
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Discussion

In this study we were able to obtain five nasal mucosa biopsies in each patient within a period
of seven weeks, with tree biopsies in a period of approximately 24 hours. Although very
demanding for the patients, the procedure was well tolerated and not considered unethical by
the investigators and the local Medical-Ethical Committee. With this study design it was
possible not only to investigate the carly and late phase reaction, but also to study the events
which occur after that period. In addition, the effect of pretreatment with a topical
corticosteroid on unchallenged allergic nasal mucosa was investigated. Our results show that
four weeks corticosteroid treatment without allergen challenge resuls in a decrease in number
of epithelial CD3+ cells, CD4+ cells, CD8+ cells, tryptase+ cells, chymase+ cells, Langerhans
cells, macrophages and eosinophils, and a decrease of eosinophils and Langerhans cells in
tamina propria. It is interesting to note that even in unchallenged nasal mucosa of
asymptomatic patients inflammatory cells decrease in number in nasal epithelium after cor-
ticosteroid treatment. In nasal mucosa biopsies and nasal washings of unchallenged patients
with seasonal allergic rhinitis, no changes in mast cell and eosinophil numbers were found
afier one or two week topical or systemic corticosteroid pretreatment (13, 17, 18). Contrary,
Konno et al. found a significant reduction of eosinophils and basophils in nasal favages after
two weeks of FPANS pretreatment without allergen provocation(19). It is possible that the
duration of pretreatment with topical steroids is of importance for the effects on cell numbers
in epithelium. We treated the patients for four weeks with FPANS before taking nasal mucosa
biopsies, in contrast to Lozewicz et al.(13) who prefreated their patients for two weeks and
Bascom et al. {17) who pretreated their patients for one week with topical corticosteroids. An
alternative explanation may be a persistent immunological activation in the allergic nasal
mucosa, as a result of air pollution and exposure to bacterial and viral

antigens. Juliusson et al. found more intraepithelial mast cells in the pre-seasonal nasal
mucosa of asymptomatic atopic patients compared to normal non-allergic confrols, which also
may indicate immunological activation(11). This persistent immunological activation is
attenuated by local corticosteroid treatment. Interestingly, also in patients with nonallergic,
noninfectious perennial rhinitis a significant decrease in nasal mucosa inflammatory cells
after treatment with topical corticosteroids was found (16). This decrease was more
pronounced in nasal epithelium and after a longer treatment period (4 versus 8 weeks).

This pretreatment effect of FPANS with lowered numbers of several cells hampers interpret-

ation of the changes that occur after allergen challenge. Mast cells disappear from the
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epithelium after active treatment and remain absent despite allergen provocation, indicating
good sensitivity of mast cells to steroid treatment irrespective of mucosal cendition. In the
placebo treated group the numbers of epithelial chymase positive cells and famina propria
tryptase positive cells increased significantly. Eosinophils already increase in the placebo pre-
treated group in unchallenged nasal mucosa, with a further increase after ailergen
provocation, With only two biopsy moments, one baseline before treatment and one after
provocation, it is not possible to distinguish between changes in cell counts due to allergen
provocation, freatiment or other stimuli as e.g. placebo spray.

Epithelial T cells and Langerhans cells showed a clear response to corticosteroid treatment
with significant decreases after the beginning of the active treatment, even without allergen
challenge. In a previous study we have demonstrated in perennial allergic rhinitis that treat-
nient with topical corticosteroids reduces the nasal mucosal Langerhans cells (10),

In this study we were able to monitor the allergic response in nasal mucosa up to one week
after single allergen provocation. Inn the placebo group eosinophils in lamina propria, and
epithelial macrophages rose significantly during the whole observation period (p=0.015,
resp.p=0.003). Furthermere an increasing trend was noted in the number of epithelial
CD3+(p=0.1) and tryptase positive cells (p=0.07) in the placebo group. This suggests that one
single provocation can trigger the allergic response for several days. Mechanisms responsible
for this sustained reaction are probably the released T-helper-2-cytokines (20, 21, 22).

In this study, cell numbers at three biopsy moments (2,3,4) with nasal symptoms at several
time points were compared, giving us a better insight in the pathophysiological events
occurring in the nasal mucosa. Between early phase sneezing and IgE+ cells in epithelinm and
lamina propria, lamina propria chymase+ cells, epithelial eosinophils after ¥ hour a strong,
but inverse correlation was observed in the placebo group. A possible explanation may be that
with patients experiencing more symptoms, effector cells move faster from the lamina propria
to epithelium and then into secrefion, compared to patients whe have only mild symptoms,
This seems to be corroborated by the findings of Pipkorn et al. who found in nasal lavages a
significant correlation between eosinophil numbers and the degree of symptoms(23), Without
a similar cell influx into the mucosa from the blood vessels, this results in decreasing numbers
of resident mucosal cells. Other investigators, however, could not detect a correlation between
the symptoms during the acute respense to allergen challenge and the subsequent influx of
total cells or individual cell types during the late response to antigen challenge(18, 24). A very
strong correlation was found between the mumber of lamina propria tryptase positive before
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atlergen provocation (biopsy 2) and sneezing 12 hours after allergen provocation (+=0.96,
p=0.003), suggesting that the number of mast cells present in nasal mucosa before allergen
provocation dictates part of the late phase response. This is in contrast with the findings of
Naclerio et al. (25) who found that basophils, and not mast cells are partly responsible for the
late phase response,

The susceptibility of the several inflammatory cells to corticosteroids and the duration of the
response to corticosteroids after allergen provocation differ. Mast cell, IgE positive cell and T
cell numbers decrease and remain low after allergen provocation for one week even after
having stopped the active treatment, Langerhans cells decrease with corticosteroid treatment
and remain low despite allergen provocation buf return to baseline levels after one week.
Eosinophils are very sensitive to corticosteroid treatment, and are found to be reduced in the
nasal mucosa after local corlicosteroid treatment during both artificial and natural allergen
challenge (12, 26-28). However, in the present study with a large allergen stimulus  a
significant increase in nasal mucosal eosinophils in the following 24 hours was found despite
treatment with FPANS 400 pg, This finding suggests a decreased sensitivity of eosinophils to
corticosteroids, On the other hand, perhaps the stimulus given with the allergen provocation
over-ride the effect of corticosteroids on cells.

After 24 hours after allergen provocation patients in either treatment group experienced
symptoms with no difference in clinical symptoms between the two treatment groups, apart
from sneezing which was lower in the FPANS group. Sneezing is a result of mast cell
degranulation. In the FPANS group no mast cells were seen in the nasal epithelium 24 hours
after provocation, suggesting a low to zero mast cell mediator release in this group. Despite a
six-week active corticosteroid treatment, symptomatology 24 hours after a single allergen p-
rovocation is the same as in the placebo group. These findings suggest that the duration of the
effects of the local corticosteroid is shorter than the duration of the allergic response. To
corroborate this hypothesis, a second allergen provocation after 24 hours would have resulted
in the comparable response in either treatiment group. This, however, was not undertaken,

A clinical consequence can be the importance of daily use of topical corticosteroids. If the
medication is not properly used, symptoms may not be well controlled. This has also been
found by Juniper et al. during the grass-pollen season with patients with seasonal allergic
thinitis {29). In her study Juniper et al. describe that a subgroup of patients using
Beclomethasone Dipropionate on a “as needed” base experienced significantly more

symptoms than the patient group using the medication on a daily base. Furthermore, from this
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study we can not substantiate the need to cominence with topical corticosteroid treatment six

weeks prior fo the start of the pollen season.
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Introduction

Topical corticosteroids relieve allergic symptoms by reducing the numbers of inflammatory
cells and chemical mediators (1,2). Allergic patients usually start taking their medication at
the presentation of the first symptoms, but there are indications that it is advisable to start
taking corticosteroids before the grass pollen season begins (3-5). Allergen challenge results
in mast cell degranulation, migration of mast cells to the surface of the upper airway mucosa
(6), and an influx of inflammatory cells (5,7-9). This allergic mucosal inflammation is
regutated by the local production and release of a number of cytokines (10-13). A major role
was originally assigned to the cytokines produced by Th2 lymphocytes, such as IL-3, IL-4,
IL-5, IL-10 and TL-13 (10,12,14-19), In addition to the well-known Th2 cytokines,
chemokines ([1-8 and RANTES) were found fo play a role in allergic inflammation (table I)
(11,13,20,21). Accumulating data now poinis to a large network of interacting cytokines
produced by a number of cells that regulate mucosal allergic inflammation (22).

A number of studies have been performed which assess the effect of local corticosteroid
therapy on cytokines at the mRNA and protein levels in the airway mucosa and in lavages.
Allergen challenge studies have found reductions in mRNA and protein for 1L-4 and IL-13
after steroid treatment (12,18,19,23-25), No steroid therapy effect was observed for IL-5 and
IFN-v in the nasal mucosa after allergen provocation (12,18,19,23-25). However, studies in
the fung and in in vitro experiments showed that corticosteroids inhibit IL-5 and [FN-y
mRNA expression and protein production (26-30). There were no differences in IL-6 on the
protein level (protein positive cells) in the upper airways between preseason and in season for
allergic patients with or without corticosteroid treatment (12). However, Weido et al
observed, in nasal lavage fluids, IL-6 protein levels during the late-phase reaction which was
inhibited by pretreatment with FPANS (31). Local corticosteroid treatment was found to
inhibit allergen challenge-dependent secretion of IL-8§ and RANTES protein in the nasal
lavage (11,31),

To our knowledge, no data is available in vivo about the dynamics of cells expressing IL-6,
IL-8, IL-10, RANTES and ‘FNF-w in the upper airway mucosa after allergen provocation. For
other cytokines, details of time-related changes after allergen provocation and corticosteroid
pretreatment are incomplete.

On the basis of earlier studies performed by our group, we hypothesised that local

corticosteroid treatment reduces the number of inflammatory cells irrespective of the presence
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of symptomatology (32). In this out-of-season biopsy study, we investigated the effect of
pretreatment with a local corticosteroid, Fluticasone Propionate Aqueous Nasal Spray
(FPANS), on a single provocation with grass polten in in-patients with an isolated grass-
polten allergy. Biopsies were taken before and during treatinent, before provocation and at
several points after the provocation. Eosinophils and mRNA positive cells (in sitn
hybridisation) for I[.-2, TL.-3, [L-4, IL-5, TL-6, 1L-8, [L.-10, IT.-13, TFN-y, RANTES and TNF-
o were determined i mucosal biopsies. Furthermore, correlations will be evaluated between
the cells and nasal symptoms and also between cosinophils {as a marker of allergic

inflammation} and cytokines.

Methods

PATIENTS

Nineteen patients with a median age of 22 (range 18-51) participated in this study (11 female
and 8 male). They all had a history of seasonal allergic rhinitis for grass pollen of at least two
years, Allergy to grass pollen was confirmed by a positive skin prick test (3+) with Alutard
Soluprick extract (1 SQ/ml), with no skin prick reactions to other relevant allergens. All
patients were symptom-free at the start of the study. None of the patients used any medication
during the study or had undergone immunotherapy in the three years before this study. No
relevant abnormalities were found in BENT examination at the start of the study. All patients

gave their written informed consent and the medical ethics committee approved the study.

STUDY DESIGN
This double-blind, randomised, placebo-controfled, parallel-group study was conducted

between October and December 1995, well outside the hay fever season. After randomisation,
10 patients (6 female and 4 male) aged 21 (i8-51) used 200pg Fluticasone Propionate
Aqueous Nasal Spray (FPANS) twice daily and 9 patients (5 female and 4 male) aged 23 (19-
31) used a placebo for six weeks. After this treatment period, provocation took place and the
use of FPANS or placebo was stopped. Biopsies were taken from the inferior turbinate using a
Gerritsma forceps (33). Each patient underwent five nasal biopsies: the first at baseline, the
second after 4 weeks of treatment (before provocation), the third one hour after provecation
with grass pollen, the fourth 24 hours after provocation and the fifth one week after

provocation (Table I).
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i 4 weeks 2 weeks Ihr 23 hours 6 days |

Biopsy | Biopsy 2 U Biopsy 3 Biopsy 4 Biopsy 5
Treatment 6 No treatment one week
Provocation

10,000 and
100,000 BU

Table 1

Study design - time schedule

PROVOCATION

The patients acclimatised to the room for at least 15 minutes. After that, PBS (phosphate
buffered saline), an inert water-rich solution, was administered to rule out non-specific hyper-
reactivity. After ten minutes, patients were provoked with 50 pl of an aqueous nasal spray
containing grass polien (10,000 BU/ml, ALK, Groningen, Netherlands) and another ten
minutes later with 100,000 BU/ml (ALK, Groningen, Netherlands). After both provocations,
symptoms like sneezing, rhinorrhea, itching and nasal blockage were recorded on a four-point
{0-3) scale. Patients were also asked to rate their symptoms during the day following

provocation after 3, 6, 9, 12 and 24 hours,

IMMUNOHISTOCHEMICAL STAINING OF EOSINCOPHILS

Eosinophil staining was performed in an Alkaline Phosphatase procedure using meonoclonal
antibody against Major Basic Protein (BMK 13) (Sanbio, Uden, Netherlands) as previously
described by Godthelp et al (34).

DIGOXIGENIN PROBE MANUFACTURED BY PCR

The digoxigenin probe was manufactured by PCR using a modification of the method
described by Klein et al (35,36). Total RNA was isolated from stimulated {Con A or LPS)
blood mononuclear cells or in vivo allergen-stimulated nasal mucosa by the phenot extraction
method, a modification of the protocol described by Chomezynski and Sacchi (37). 1 pg RNA
was then reverse-transcribed (Rt) to ¢DNA ( Rev. Trans. AMV Bochringer Mannheim

Biochemica 109 118) The Rt mix, a total volume of 20 pl, contains 50mM Tris-HCL pH8.3,
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10 mM MgCI2, 50 mM KCl, 1mM DTT (dithiotreitol), ImM EDTA, 10pg/ml BSA
(Boehringer Mannheim 711 454}, dNTP mix of ImM (Pharmacia 27-2094-01), oligo (dT)12-
18 10ug/mi (Pharmacia 27-7858-01), hexanucleotides pd (N)6 2.5 OD/mi (Pharmacia 27-
2166) and spermidine-HC! ImM, This mixture was incubated at 42°C for 60 min. Afier this
reaction the final volume was topped up to a total voluine of 200 ul with milliQ.

10 pl of the ¢cDNA was subjected directly to PCR in the presence of a master mix containing
PCR buffer, MgCL2 (1.5mM), KCI (50 mM) TRIS-HC1 {10 mM pHR.3) gelatine (0.1%)
AmpliTagpolymerase (Ampli Taq, Perkin Elmer Cetus, Norwalk CT) 1 Unit, 0.025 mM
ANTP and 1pl from each cytokine primer with a total volume of 50 ul (Table III).

The reaction tubes were placed for 3 minutes in the PCR block (MJ Research), which was
preheated at 94°C (to avoid cold oligodeoxyribonuclear fusion). After preparing the PCR
mixture on ice, PCR was carried out for 35 cycles under the following conditions:
denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds and extension at 72°C
for | min. Final-cycle

extension was at 72°C for 10 min.

The specificity of amplification was checked by assessing whether a fragment of the expected
size had been obtained by gel (1.5 %) electrophoresis or by southern biot hybridization with
an internal 32P-gamma ATP (Amersham) labelled probe. The membranes were exposed to
Kodak XAR films.

PCR reaction products were run on gel, isolated from gel and cleaned up with the Wizard
DNA Clean-Up System (Promega). The isolated DNA was used in a repeated PCR with the
sante cytokine specific primers under the following conditions: 5 pl of isolated PCR product,
10 pl 10x Tag polymerase buffer, 3 il 10 OD/inl sense primer and 3 pl 10 OD/ml antisense
primer {Table III}, 5 U Tag polymerase {(Ampli Taq, Perkin Elmer Cetus, Norwalk CT) and 5
pt ANTP (dATP, dCTP, dGTP 2mM each, 1.3mM dTTP and 0.7mM DIG-11-dUTP
Boechringer Mannheim) in a total volume of 100 pl. The PCR protocol started with an
adaptation of the hot start to avoid cold oligodeoxyribonuclear fusion. Subsequenily, 30 sec at
94°C, 45 sec at 55°C, 1.5 min, at 72°C during 200 cycles. The resulting dig labelled DNA

(probe) was controlled on 1,5% agarose gel.
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Table I

Cytokines and their major function in allergic rhinitis

Cytokine | celf source in allergic inflammation(>8) Suspected cell target in allergic inflammation{58)

iL-2 T-cell T-cells, B-cells (proliferation, activation, differentiation}

1L-3 T-cells, eosinophils mast cells, eosinophils (colony stimulating factor)

IL-4 T-cells, mast cells, cosmophils B-cells (IgE isotype switch), endothelium (adhesion
molecules up-regulation)

IL-5 T-cells mast cells, eosinophils Eosinophils {chemotaxis)

iL-6 mast cells T-, B-, cells (proliferation, differentiation) and fibroblasts

IL-8§ mast cells, epithelial cells, eosinophils Lymphocytes,  neutrephils,  basophils, ecosinephils
(chemotaxis)

IL-10 T-cells, monocytes, macrophages Macrophages, T-cells (inhibitor of IFN-11 functions})

1.-13 T-cells, mast cells, cosinophils B-cells (IgE isotype swilch), endothelium (adhesion
molecules up-regulation)

IFN-y T-cells NK cells Macrophages (activation), IL-4 antagonist (IgE isotype
switch)

RANTES macrophages, cosinophils, T-cells and mast | Eosinophils and monocytes (chemotaxis)

cells
TNF-u mast cells Fibroblast, endothelium (preduction of other cytokines and

adhesion molecules (ELAM-1, [CAM-1))

The specificity of amplification was checked by assessing whether a fragment of the expected

size (approximately 25% larger in bp than normal PCR product) had been obtained.

IN SITU HYBRIDIZATION

All reactions were carried out with RNase free materials and solutions except for the RNase

treatment of the negative controls. Each tissue specimen was cut into serial 6 pm-thick

sections on a Reichert-Jung 2800e frigocut eryostat and transferred to poly-L-lysine (Sigma)-
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coated microscope slides, dried and stored at -80°C. The slides were used within 3 months of
storage, heated to room temperature, dried and fixed in buffered 4% formalin for 15 min. The
slides were rinsed twice with PBS for 5 min. Proteinase K [ pg/ml (Boehringer Mannheim)
treatment was applied for 5 min at 37°C, followed by washing with PBS and fixing in
buffered 4% formalin for 5 min in order to stop the proteinase K reaction. There then
followed two more rinses in PBS for 5 min., permeabilisation with 0.01% triton-X 100 and a
repeat washing with PBS. This was followed by dehydration by incubation with increasing
amounts of ethanol (70% (2 min.), 96% (2 min.}, and 100 % {5 min.)) air drying. The mixture
for hybridization was pipetted onto ice and contained 30 u 100% deionized forimamide, 20 pl
" 20x §8C, 40 pl denatured salmon sperm DNA (10 pg/ml TE; Boehringer Mannheim), 1 pl t-
RNA (100 mg/ml) and 9 ul diluted probe. The hybridization mix was incubated at 100°C for |
min. to make the DNA single stranded and cooled immediately
on ice for 5 min. The sections were incubated with the hybridization mix at 42°C for | hr and
then (67) for 16 hr {overnight) at 37°C in a humidity room. After hybridization, the cells
were washed with 30% formamide/2x S8C at room temperature, 30% formamide/0.2x SSC at
42°C for 15 min,

and washed with PBS for 5 min. The slides were then placed in a semi-automatic stainer
(Sequenza, Shandon). Foliowing this, the sections were incubated for 10 min with BSA 0.5-
1% in

PBS, incubated with normal sheep serum (CLB, Netherlands) for 16 min. and subsequently
incubated with 1:500 Alkaline Phosphate-conjugated-sheep-digoxigenin F (ab)2 fragments,
diluted in PBS BSA 0.5-1% and Normal Human Serum (10% NHS). They were rinsed again
with PBS for 5 min, rinsed with TRIS buffer (0.1 M pH 9.5} for 5 min and incubated with
NBT BCIP substrate (Sigma). The incubation time is probe-dependent. Substrate
development was checked with the microscope. Finally, the sections were rinsed in distilled
water and mounted in glycerin-gelatine. Optimal probe concentration was obtained by

dilution titration.

CONTROLLING THE METHOD

The controls used were those previously described by Bloch et al. (38)

To control the mRNA in situ hybridization, cryostat sections were incubated with RNase A

{Boehringer Mannheim). This resulted in a significant signal reduction. Hybridization without
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a probe or unrefated probes gave no signal. Different cytokine probes resulted in different

staining patterns (35,36).

Table ITl

Primer sequence for each cytokine used for making dig dUTP DNA probes.

Spec Sequence (5'- 3") primers fragment (Bp)
iL-2 sense AAGAATCCCAAACTCACCAGGATGC (exon 2} 200 Bp

1L-2 asense CCCTTTAGTTCCAGAACTATTACGT (exon 3-4) (59)

IL-3 sense GCCTTTGCTGGACTTCAACA {exon 1-2}) 194 Bp

IL-3 usense TTGGATGTCGCGTGGGTGCG {exon 4-5) (60)

1L-4 sense ACTCTGTGCACCGAGTFGACCGTAA {exon 2} 300 Bp

IL-4 asense TCTCATGATCGTCTTTAGCCTTTCC  (exon 4) (57)

IL-5 sense AGCCAATGAGACTCTGAGGA {exon 1-2} 319 Bp
IL-3 asense GGGAATAGGCACACTGGAGAGTCAA (exon 4)(61)

1L-6 sense ATGAACTCCTTCTCCACAAGC {exon I) 610 Bp

IL-6 usense TGGACTGCAGGAACTCCTT (exon 53 (62)

1L.-8 sense CTGTGTGAAGGTGCAGTTTTGCC {exon 1-2) 237 Bp

IL.-8 asense CTCAGCCCTCTTCAAAAACTTCTCC (exon 3-4) (63)

[L-10 sense ATGCCCCAAGCTGAGAACCAAGACCCA  (exon?) 352 Bp
1L.-10 asense TCTCAAGGGGCTGGGTCAGCTATCCCA (exon 7} (64)

IL-13 sense CCCAGAACCAGAAGGCTCCGC (exon [-2) 185Bp
iL-13 asense GCTGGAAAACTGCCCAGCTGAG (exon 3-4) (65)
IFN-y sense TTTAATGCAGGTCATTCAGATG {exon 1-2) 388 Bp
IFN-y usense CAGGGATGCTTCTTCGACCTCGAAAC {exon 4} (57)

Rantes sense CGCTGTCATCCTCATTGCTA (exon 7} 197 Bp
Rantes usense CACACACTTGGCGGTTCTT (exon 7} (66)
TNF-« sense AGAGGGAAGAGTTCCCCAGGGAC {exon 1-2} 443 Bp
TNF-u asense  TGAGTCGGTCACCCTTCTCCAG {exon 4)
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QUANTIFICATION

The biopsies were coded and two sections of each biopsy were counted in a blinded fashion at
a magnification of 400 x. The surface area of the epithelium and the lamina propria of two
sections were determined by computer image analysis (Kontrons Image Analysis System
Videoplan). The cell numbers for eosinophils in the epithelium and lamina propria and the
number for mRNA positive cells only in the lamina .prepria were calculated per square

millimetre of the section area.

STATISTICAL ANALYSIS {SPSS 7.5 FOR WINDOWS 95 AND BMDP5V FOR DOS)

The ANOVA repeat measurement was used for statistical analysis of treatment effects
between the groups. 1f significant differences were found using ANOVA, further comparisons
were made using the Mann-Whitney U-test per time-point. A p-value < 0.05 was considered
to indicate a significant difference befween groups. The Wilcoxon signed rank test was used
for a comparison between baseline and one week after provocation.

Correlation coefficients were obtained using Spearman’s rank method for cells from each
biopsy, for symptoms (baseline, after four weeks treatment, carly phase G2 (10,000 BU
provocation} and late phase 3 - 24 hours after provocation) correlated with cells (biopsies
baseline, after four weeks treatment, one hour and 24 hours after provocation). Correlation
coefficients were obtained for each biopsy. Because of multiple testing a p-value of < 0.0]

was considered to indicate a significant correlation,

RESULTS

No symptoms were observed before provocation or provocation with saline. Nasal
provocation with allergen resulted in a significant increase in immediate (placebo (9 out of 9),
FPANS (10 out of 103} and late nasal symptoms (placebo (9 out of 9), FPANS (7 out of 1())
in both groups with increases in sneezes, itching, nasal blockage and rhinorrhea. A significant
reduction in total symptomatology (in the ecarly phase (p=0.01) and in the late phase

(p=0.009)) was found in the FPANS group compared with the placebo group (see figure 1).
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Figure [. Total symptom score after allergen provocation. In the first hour and during the following day total
symptoms were significantly reduced in the FPANS treated group compared to placebofin the early phase

(p=0.01} and in the late phase (p=0.009},

M placzbo
OFPANS

" i

total symproms
3

C-1 hr 124 hr

Significantly less symptoms were observed in the FPANS group than in the placebo group
after provocation with 1,000 BU (G1) for itching (p=0.0035), nasal biockage (p=0.004), after
provecation with 10,000 BU (G2), itching (p=0.02), nasal blockage (p=0.004) during 1-3
hours for rhinorrhea (p=0.04), during 3-6 hours for nasal blockage (p=0.05), during 6-% hours
for nasal blockage (p=0.02) and during 12-24 hours for sneezing (p=0.04).

MICROSCOPIC EVALUATION

The cryostat sections of the nasal mucosa had an average surface area of 2 mm” and an intact
epithelium. Staining with mAb for eosinophil Major Basic Protein (BMK-13) resulted in easy
identification with the red cytoplasmic granules and dark violet nucieus. Eosinophil numbers
were determined in the lamina propria. The mRNA in situ hybridization staining pattern for
cytokines varied from a dark purple eircle to a large dark purple dot. Messenger RNA positive
cells were located in the inflammatory cell infiltrate in the lamina propria. The majority of
ceils showing hybridization signals for cytokines were present in the sub-epithelial layer. The
number of positive celts was only determined in the lamina propria because the number of
positive cells in the epithelium was too small for statistical analysis. Figure 2 shows
representative sections from nasal mucosal biopsies expressing mRNA for IL-3¢a), IL-5(b),

IL-8,(c) and IFN-y(d).
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EFFECT OF PRETREATMENT (BEFORE PROVOCATION FIG.3)

The number of cosinophils showed no significant difference between the groups at baseline.
After 4 weeks of pretreatment, before allergen provocation, a significant lower number of
eosinophils was observed in the epithelium (p= 0.002) and in the lamina propria (p=0.004) of
the FPANS group compared to the placebo group.

At baseline, no significant differences were found in the number of cytokine mRNA positive
cells between the two groups. After 4 weeks of pretreaiment, a significantly lower number of

IL.-5 and IL-6 mRNA positive cells were found in the FPANS group compared with the
placebo group (p=0.03 and p=0.05).

Figure 2 a-d

Photomicrographs showing representative examples of in situ hybridization of nasal biopsies of allergic rhinitis
patients following allergen cliallenge, using digoxigenin-labeled DNA probes coding for 1L-3 (a), IL-5 (b), IL-8
(¢) and IFN-y (d). Messenger RNA positive cells exhibited a dark purple staining and give optimal cetiular and

sub-cellular resolution, nuclear staining with gill's heamatoxilin{overteaf).
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TREATMENT EFFECTS AFTER ALLERGEN PROVOCATION (FiG. 3)

During the whole study period, fewer eosinophils were present in the epithelium (p<0.0001)
of the FPANS group compared to the placebo group. The same trend was found in the lamina
propria (p=0.07).

The numbers of IL-3 mRNA positive cells showed a significant {(p=0.02) treatment effect
during provocation. The rise in IL-3 positive cells was lower in numbers and shorter in time in
the FPANS group than in the placebo group after allergen provocation. This result lasted until
a week after provocation (p=0.0006).

For the whole study period, significantly (p<0.0001) fewer IL-5 mRNA positive cells in the
FPANS group were found compared to the placebo group. Lower IL-5 mRNA positive cell
numbers were observed in the FPANS group compared to the placebe group 24 hours and one
week (p=0.01and p=0.04) after allergen provocation.

IL-6 mRNA positive celis were significantly lower in numbers in the FPANS group compared
to the placebo group (p=0.03) for the whole study period.

Fewer TFN-y mRNA positive cells (p=0.0001) were observed in the FPANS group than in the
placebo group during the whole study period. Numbers of IFN-y mRNA positive cells were
lower in the FPANS group than in the placebo group at one hour (p=0.02), 24 hours (p=0.01)
and one week (p=0.009) after provocation. Less RANTES mRNA positive cells were present
in the FPANS group than in the placebo group during the whole study period (p=0.01). Atone
hour after provocation, significantly fewer RANTES mRNA positive cells were observed in
the FPANS group compared to the placebo group (p=0.05). Numbers of TNF-u mRNA
positive cells were found te be lower in the FPANS group than in placebo group (p=0.001})
for the whole study period,

Cell mumbers for IL-2, IL-4, IL-8, IL-10 mRNA positive cells showed no significant

treatment-dependent differences between the groups.

Figure 3 a-m

Box plots showing the number of mRNA positive cells in nasal mucosa biopsies. Nasal mucosa biopsies were
taken before and 4 weeks after slarting treatment {dur. tr.), 1 hour after provocation, 24 hours after
provocation and I week after provecation. Allergen challenge (ch) with 1,000 and 10,000 Bu grass pollen.
Treatment with placebo n=9 (grey bar) and FPANS n=10 (white bar) * p<0.05 ** p<0.01 {Mann Whitney U
test).(Overleaf)
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COMPARING BASELINE AND ONE WEEK AFTER PROVOCATION,
in the placebo group, higher mRNA positive cell numbers were observed for IL-10

(comparing baseline with one week after provocation: p=0.04} and IL-13 (0.04) one week
after allergen provocation, By contrast, the mRNA positive cell numbers for all measured
cytokines in the FPANS group dropped back to baseline level within one week after allergen

provocation.

CELLULAR RELATIONSHIP TO NASAL SYMPTOMS

Significant, but weak, correlations were found between numbers of eosinophils in biopsy
sections and nasal symptom score for blockage, itching, discharge, sneezing and total
symptom score (see Table TV), Also correlations were observed between 1L-3 mRNA and 11-8
mRNA expressing cells in biopsy sections and nasal symptom score for blockage, discharge,
sneezing and fotal symptom score. Moreover, correlations were observed between IL-6

mRNA expressing cells and itching, discharge and total symptom score.

Table IV
Correlations between numbers of eosinophils, 1L-3, IL-6 and 1-8 mRNA in biopsy sections and nasal symptom
score for blockage, itching, discharge, sneezing and total symptom score (for r- (regression) and p-values (ns.=

not sigifiacant)).

cell type symptom correlations (regression value and (p-value)}
Blockage discharge itching Sneezing total
Eosinophit 0.323 (0.005) 0.382 (0.001) 0.405 (0.601) 0.475 (0.001) 6.435 (0.001)
1.-3 ns. [i%:3 n.s. .S, n.s.
-6 n.s. 0.317 (0.006) 1.5 n.s, 0.301 (0.609)
TL-§ 0.320 (0.006) 0.354 (0.002) ILS. n.s. 0.366 (0.001)

CYTOKINE mRNA RELATIONSHIP TO TISSUE EOSINOPHILIA
Before allergen provocation, no significant correlations were observed between cells

expressing mRNA for cytokines and eosinophils. In the early and late phase, significant
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correlations were observed between the number of eosinophils and the number of cells
expressing mRNA, for I1.-3, IL.-4, 1L.-5, IL-10, and IL-13. Moreover, this was also the case in
early phase for IL-2, IL-8, RANTES, TNF-a and IFN-y mRNA positive cell numbers. As late
as one week after the allergen provocation, correlations were found between eosinophils and
[1.-5, IL-10, RANTES, TNFa and [FN-y mRNA positive cell numbers (for r- (regression) and

p-values, see table V).

Table V
Correlations between the number of cosinophils compared with the number of cells expressing positive

hybridization signals at each biopsy moment (for r- {regression) and p-values).(n.s.= not significant)

Eosinophils at | Eosinophils before | Eosinophils I | Eosinophils 24 | Eosinophils
baseline provocation after | after chi. br after ch. week after ch.
pretreatment

iL-2 LER n.s, n.s. ‘ n.s. .5,

1L-3 ns. n.s. 0.74 (0.0001) 0.59 (0.609) ns.

1L-4 n.s. s, 0.61 (0.006) n.s, .s.

IL-5 n.s. n.s. n.s. 0.63 (0.004) 0.59 (0.008)

IL-6 1.5. 1.8, n.s. n.s. n.s.

fL-8 ns, s. (.75 (0.0601) n.s. 1n.s.

iL-10 1.5, n.s. ns. 0.70 {0.001) n.s.

iL-13 ns, ILs. 0.66 (0.002) 0.62 (0.005) ns.

IFN-y n.s, n.s. LS. n.s. 0.68 (0.001)

RANTES s, n.s. 0.63 (0.004) n.s. n.s.

TNF-¢ n.s. n.s. (.69 (0.001) n.s. 0.68 (0.001})
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Discussion

In this study, we investigated the effect on cytokine mRNA expressing cells in nasal mucosal
biopsies of corticosteroid pretreatment at baseline (before treatment) and after 4 weeks of
treatment before provocation and one hour, 24 hours and one week after a single provocation
with grass pollen and compared these sets of data to tissue eosinophilia and symptomatology.
FPANS treatment was effective in reducing spontaneous expression of the Th2 cytokines 1L.-5
and IL-6 before allergen provocation. After allergen provocation, lower cell numbers for 1L-3,
IL-5, IL-6, IL-13, IFN-y, RANTES and TNF-u mRNA were found in the FPANS
pretreatment group compared with the placebo group. In the placebo group, as late as one
week after allergen provocation, higher mRNA positive cell numbers for IL-10 and IL-13
mRNA were observed compared to baseline cell numbers. By contrast, in the FPANS group,
all cells investigated dropped back to baseline level within one week after allergen
provocation. The effect of pretreatment with FPANS on mRNA cytokine expression can still
be found one week after a single allergen provocation. These findings further stress the
usefulness of pretreatinent of allergic patients before the season.

Local corticosteroid treatment is effective in reducing cytokines which have a Glucocorticoid
Response Element (GRE), irrespective of their importance in the allergic inflammation. The
presence or absence of GRE in the promoter region of cytokines could explain why
corticosteroid treatment has a direct effect e.g. on IL-3 expression or why it cannat have any
direct effect but only an indirect effect e.g. on L.-2 expression (39).

Allergen provocation induces nasal symptoms and tissue eosinophilia, which can be used as a
marker for allergic inflammation (34,40,41). In this study, the number of eosinophils
correlated with nasal symptomatology, as found by Pipkorn et al. (42) but in contrast with the
finding of Durham using disk provocation {10). It is probable that the provocation of the
whole nasal mucosa by spray results in a more general mucosal response and symptomatology
than the filter provocation method. Corticosteroid treatment reduces the number of
eosinophils, as shown in this provocation study and other studies (2,43).

11-2, a Thi cytokine, has proliferating, activating and differentiating functions on T-cells and
B-cells. No IL-2 mRNA effects were observed, this Thl eytokine proved not to be involved in
allergic inflammation during allergen provocation and no effect of corticosteroid treatment

was observed. These findings confirm other reports that did not find changes in IL-2 (on the
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protein and mRNA levels) in the nasal mucosa (18,44), in lung (45,46) and in skin (47) afer

allergen challenge. The lack of corticosteroid effect is consistent with the reports of Barnes,
which showed that IL-2 has no GRE in its promoter region (39),

IL-4 and IL-13 have similar functions in B-cell isotype switching to IgE and also have a
pivotal role in the up-regulation of adhesion molecules on endothelial cells (48). Data on TL.-4
and IL.-13 are conflicting. In this steroid pretreatment study, no changes were observed in TL-
4 mRNA positive cells. In a previous repeated allergen provocation study, however, we did
find a significant reduction in [L-4 mRNA in the FPANS group using Rt PCR (1). Masuyama
et al found a significant difference in IL-4 expressing mRNA 24 houss after allergen
challenge in the FPANS group compared to the placebo group {18). Bradding also showed
FPANS to be effective in suppressing IL-4 protein. However, he found no up-regutation in the
hay fever season compared {o pre-season (12).

One important explanation for the different results obtained from these studies is the method
of allergen provocation. Filter disk provocation (18} and repeated allergen provocation (1)
result in an increase in cytokine expression for IL-4 mRNA, These two methods result in a
stronger stimulus compared o a single allergen challenge by spray as performed in the
present study and natural provocation in a grass pollen season (12) in which no IL-4 protein
increase could be observed.

A significant increase in the number of 1L-13 mRNA positive cells was found in the placebo
group during aliergen provocation, but the treatment effects did not reach significance.
Ghaffer was able, in his study with filter disk provocation, to show a significant reduction in
the rise in IL-13 mRNA and TL-13 protein positive cells 24 hours after allergen challenge in
the FPANS group (19).

1L-3 and IL-5, Th2 cytokines that are produced by T-cells and cosinophils, stimulate, for
example, the chemotaxis of eosinophils. The number of IL-3 mRNA positive cells was found
to be increased after allergen provocation. Corticosteroid pretreatment reduces this increase.
Steroid therapy in asthmatic patients was also found to be associated with a reduction in the
percentages of T-cells expressing IL-3 mRNA and releasing I1.-3 protein (49). In this study, a
significant reduction of spontaneously transcription levels of IL-5 was found in the FPANS
group compared to the placebo group during pretreatment. After allergen provocation, a
significantly lower number of IL-5 mRNA was found in the FPANS pretreatment group than
the control group. This confirms previous studies performed in our group showing a reduction

of IL-5 mRNA transcripts using RtPCR during repeated allergen provocation (1). In addition,
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Garrelds described a reduction in IL-5 protein in nasal lavage after local steroid treatment
during the late phase allergic reaction (50). Moreover, Corrigan and colleagues found
glucocorticoid therapy in asthmatics to be associated with a reduction IL-5 mRNA and protein
(49). In vitro data also confirms the suppression of IL-5 by steroids (28,51). These findings
are in contrast with studies which failed to find a significant reduction after FPANS treatment
in IL-5 mRNA positive cells in a filter disk allergen provocation stud y (18) or 1I-5 protein
positive cells in a seasonal study {12). However, in the [ast study, the dosage used was only
200 ug FPANS.

The chemokines, RANTES and IL-8, are pro-inflammatory cytokines which are important in,
for example, eosinophil chemotaxis. The correlation between IL-8 and nasal symptoms found
in this study confirms data from Douglass et al. who observed an increase in rhinitis
symptomatology after [L-8 challenge in the nasal mucosa (52). Pretreatment followed by
allergen provocation (in the present study) failed to show a reduction in IL-8 mRNA
expressing cells. However, Sim’s group found an inhibition of secretion of 11.-8 and RANTES
protein in nasal lavage after allergen chatlenge (11,31). In this study also, FPANS treatment
significanily reduced the rise in RANTES mRNA expressing cells during allergen
provocation. The presence of GRE in the promoter region of RANTES and the absence in the
promoter region of IL-§ explains why corticosteroid treatment has a significant effect on
RANTES but cannot have a direct effect on IL-8 (39). It is probable that these differences are
more pronounced on the mRNA level than on the protein level.

The reduction in number of TNF-¢ mRNA expressing cells after provocation implies that
TNF-a was down-regulated in allergic inflammation, irrespective of the treatment. In the
FPANS group, we found a reduction in the nuntber of cells expressing TNF-o compared to
the placebo group. Studies in nasal polyps showing that TNF-u was significantly reduced in
an allergic group compared to a non-allergic group also indicate that TNF-a does not play a
specific role in allergic inflammation (53). However, several sets of data indicate that TNF-u
has a pivotal role in bacterial infections (54,55),

Pretreatment with FPANS resulted in a reduction in ¥L-6 mRNA positive cells compared to
placebo. IL-6 showed no significant increase afier allergen provocation in both groups,
although a significant correlation was found between the symptomatology and the number of
IL-6 mRNA positive celis. On the protein level {protein positive cells), no differences were

observed in the upper airways afer natural allergen provocation in the season (12). However,
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Weido et al observed an increase in IL-6 protein levels in nasal lavage fluids during the late-
phase reaction which could be inhibited by pretreatment with FPANS (31),

Numbers of IL-10 mRNA positive cells increased after provocation and were not reduced by
steroid treatment. i{L-10, considered to be a Th2 cytokine with anti-inflammatory and
immunoregulatory properties, inhibits the release of IFN-y (56) and generally inhibits
cytokine synthesis by human monocytes (57). IFN-y, which is considered to be a Thi
cytokine, did not increase significantly after allergen provocation. However, although the
increase in IFN-y was not significant, a significant reduction in mRNA positive cells was
found during allergen provocation in the FPANS group compared fo the placebo group. Other
studies found no significant reduction in IFN-y after FPANS treatment of allergic rhinitis

patients (18). The decrease found in this study can be explained as an overall decrease in

inflammatory cytokine production after locat corticosteroid treatment without specific anti-
allergic effects and may be also as a co-effect of the anti-inflammatory IL-10, numbers of
which increase after local allergen provocation.

In the early phase cytokine mRNA for IL-3, IL-4, 1L.-8, IL-13, RANTES and TNF-u was
significantly correlated with eosinophil numbers (see table V). The early phase is identified
by nasal symptoms and the release of histamine and other inflammatory mediators by mast
cells (58). The ecarly phase mediators have effects on the endothelium and on the
inflammatory cells present in the nasal mucosa, inflammatory cells will be generally activated
(mRNA expressing) and an influx of activated cells (mRNA expressing cells) will occur.
However, in the late phase 24 hours after provocation, significant correlations were only
found between eosinophils and cytokine mRNA of the Th2 cytokines IL-3, IL.-5, IL-10 and
IL-13,

This study shows, for the first time, that pretreatment with FPANS, even in the absence of
allergic inflammation and symptomatology, results in a decrease of inflammatory cells
{eosinophils) and cells expressing cytokine mRNA (IL-5 and IL-6). Almost all cytokine
mRNA expressing cells increase in the early phase symptomatology, but only the cytokines
known to be relevant for allergic disease are correlated to cosinophils in the late phase
symptomatology, again emphasising the role of these cytokines in allergic disease. Local
corticosteroid treatment resulis in a significant decrease of a number of cytokines in the early
and late phase. The effect of FPANS on eosinophils and cytokines is still visible a week after

one single allergen provocation.
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General discussion
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GENERAL DISCUSSION

Allergen provocation in susceptible atopic individuals leads to allergic symptoms, The
symptomatology of allergic rhinitis is currently considered to be mainly caused by
accunulation and activation of infiltrating cells with concomitant release of inflammatory
mediators, resulting in allergic inflammation. This allergic inflammation causes priming to
allergen and  hyperreactivity, resulting in an increase in symptomatology. Allergic
inflammation and the effects of treatment can be studied in many ways, ranging from single
provocation with a large dose of allergens (punch on the nose) usually performed in patients
with a pollen altlergy, to repeated daily allergen provocations with small doses of allergen to
simulate a more naturally proceeding disease, to naturally occurring seasonal allergic disease,
and finally to naturally occurring perennial allergic disease (1-4). Of course, studying
differences and therapeutic effects in the single provocation mode! is considerably easier than
in naturally occurring disease. However, although exaggerated provocation is a useful study
tool, the findings need to be confirmed in naturally occurring disease in order to be
completely reliable.

To investigate inflammatory cells in the nasal mucesa a biopsy method was chosen(5). This
method has proven to be safe, tolerable and repeatable over a short period of time (one day)
for a limited number of biopsies. Drawback of the nasal biopsy method is that information is
gained only from a small part of nasal mucosa, and that studying functional aspects of cells is
not possible. Nasal mucosal biopsy specimens can not only be used for immunochistochemical
staining, but also for polymerase chain reaction (PCR) and in situ hybridisation techniques.
With these techniques inflammatory cells, but also cytokine and chemokine mRINA presence
can be investigated.

The nasal favage method according to Naclerio ef al. (6) is less uncomfortable for the patients
and can be used more often compared to the biopsy method, but only small amounts of
inflammatory cells shed in the nasal lumen can be detected in the retrieved fluids. Alternative
ways to investigate nasal mucosa are nasal scrapings and brushes. Drawback of both methods
is that information is gained only from nasal epithelium and not from the lamina propria.

Moreover, nasal brushes are more unpleasant for the patient than nasal biopsies.

Since more than two decades topical corticosteroids are used for the treatment of allergic

rhinitis. This study was confined to the effects of Fluticasone Propionate Aqueous Nasal
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Spray {(FPANS). As summarised in chapter 2 the aim of this study was to investigate the
safety, efficacy and effects on nasal mucosal inflammatory cells of FPANS in perennial
altergic rhinitis in a one-year placebo controlled study, and to investigate the effects of
FPANS on nasal mucosal ceils and cytokine mRNA in a nasal provocation study with patients

with seasonal allergic rhinitis.

SAFETY OF TOPICAL FPANS THERAPY

Local side effects

There is still some concern about the risk of mucosal atrophy after long-term corticosteroid
treatment, although long-term clinical experience and a number of biopsy studies did not
produce any indication for such a risk in the nose (7-12).‘

This is the first placebo-controlfed study examining in nasal mucosal biopsies the long-term
effect of an intranasal corticosteroid. No evidence of mucosal damage and systemic side-
effects after one-year use were observed(chapter 3). Long-term FPANS use was found to be
associated with few adverse events as headache, upper and lower respiratory tract infections,
The patients using placebo (chapter 3) also reported these adverse events. Few patients in
both the FPANS and placebo group developed crusts on the nasal mucosa. Epistaxis was only
reported by three out of 21 patients in the FPANS group, and must be considered due to the
corticosteroid, although biopsy study of the nasal mucosa showed no signs of histological
damage or atrophy. However, these biopsies were taken form the inferior turbinate and
therefore may not be representative for the mucosa of the nasal septum. Epistaxis was never a
reason to stop FPANS treatment. No signs of mucosal candidiasis in the nose or throat were

found after long-term FPANS treatment,

Systemic side effects
Long-term intranasal treatment of adults with 200-400 ug/d of Beclomethasone Dipropionate,
Budesonide and Flunisolide has shown that the risk of systemic adverse events is very small
(13). In our study no changes were found in hypothalamo-pituitary-adrenocortical axis (HPA)
measurements, analysis of routine biochemistry, haematology and urine, probably due to the
low bioavailability of FPANS (chapter 3). The safety evaluations in this placebo-controlled
study confirm the results from previous studies in which either long-term or high-dose
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treatments were used {14-17). FPANS appeared to be a well-tolerated and safe treatment for
adult patients with perennial allergic rhinitis.

Recent data indicate that children receiving an adult dese of intranasal Budesonide (200 pg
twice daily during six weeks) show short term growth inhibition as measured with lower leg
length (knemometry)(18), where as this did not occur when 200 or even 400 ug were given
once daily (19). We are not aware of data on nasal Fluticasone Propionate and growth
inhibition in children, but in asthmatic children no short-term growth inhibition was seen
using inhaled Fluticasone in 200 and 400 pg daily (20). In the treatment of perennial allergic
rhinitis in children of 4-11years, 100 and 200 pug FPANS once daily for a period of 12 weeks
has been proven safe, with no evidence of systemic corticosteroid effect (21), It is too early to
judge the clinical significance of these short terms results, but according to Mygind it seems
advisable in children to use the lowest dose which can control symptoms until data on fong-

term effects is available (22).

EFFICACY OF FPANS THERAPY

It is generally appreciated that the freatment of perennial allergic rhinitis is more difficult
compared to seasonal rhinitis (22). Reasons for this difference in efficacy may be the chronic
low-grade exposure to allergens in perennial allergic rhinitis compared with the high exposure
to allergens in patients with seasonal rhinitis. In addition, the more pronounced nasal
obstruction in perennial allergic rhinilis results in a diminished access of the topical
corticosteroid therapy to the site of inflammation(23). Not all nasal symptoms experienced by
patients with perennial allergic rhinitis can be atiributed to allergy. In perennial allergic
rhinitis with continuous exposition to allergens, sensitivity, not only to allergens, but also to
non-specific irritants as perfumes and tobacco smoke is increased. Consequently, part of the
symptoms may be due to non-specific hyperreactivity (24). Even if the aliergic part is
diminished by corficosteroid therapy, this non-specific hyperreactivity may continue to give
complaints and should be addressed by the physician as part of the treatment.

FPANS has been proven effective in previous studies concerning seasonal and perennial
allergic rhinitis (14-16). In chapter 3 we found FPANS fo be effective in controlling

sneezing, nasal itching and total symptom score in perennial atlergic rhinitis. However, in
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conttrast to what was expected, nasal obstruction and discharge were not significantly reduced
after one-year treatment.

Reasons why we were not able to demonstrate statistically significant improvements of all
nasal symptoms in our perennial patient group may be the relatively small patient group. In
addition, patients experienced mild symptoms. Therefore, the potential for improvement is
small. A patient selection bias may also be a contributing factor. Patients were recruited from
a ENT-practice after referral by a general practitioner (GP). Most GP’s initially treat allergic
patients themselves, often with topical corticosteroids and refer only patients not responding
to treatment. Therefore, the patient population recruited by us may be a subgroup, existing of
corticosteroid non-responders. After nasal allergen provocation in scasonat allergic patients
(chapter 6) FPANS was found to be effective in reducing early and late phase nasal
obstruction and late phase discharge.

In perennial altergic rhinitis it is usually thought that it takes 2-4 weeks topical corticosteroid
treatment to obtain maximal symptom relief (23). As reported in chapter 3, symptoms were
certainly reduced after 4 week FPANS treatment, but maximal relief was obtained after 10
months of treatment. In the placebo group no change in total symptom score was observed. This
finding suggests an improvement of efficacy with increasing duration of the treatment. This
phenomenon was also observed in childhood asthma with Budesonide treatment, where
symptoms improved during 8 months treatment and PD20 response to histamine stabilised after
22 months treatment (25). We could find no explanation for this long-termn effect of
corticosteroids on symptomatology.

There are different opinions conceriting the moment to start with corticosteroid treatment in
seasonal rhinitis. Bousquet et al. advise to start therapy before the onset of the season {26).
Andersson et al. showed that already one-day pre-treatment with corticosteroids abolished the
allergen-induced increase in nasal hyperresponsiveness (27). Others found in nasal allergen
provocation studies that a pretreatment period of one or two weeks with a topical
corticosteroid reduced nasal symptoms significantly compared with placebo (28-30). In
chapter 6 we investigated whether a 6-week pre-treatment period would give complete relief
of nasal symptoms afier allergen challenge in patients with seasonal rhinitis. Symptoms were
well controlled after allergen provocation in patients having used aclive pre-treatment, but
were not abolished. Comparing our results with a pre-treatment period of six weeks with the

results of other authors using a shorter pre-treatment period, no beneficial effect of a six week
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period can be observed. In order to find the optimal pre-treatment period, further studies are

necessary.

LOCAL CORTICOSTEROID TREATMENT EFFECT ON INFLAMMATORY CELLS IN NASAL
MUCOSA

The effect of local corticosteroids on nasal syniptoms and nasal mucosal inflammatory cells in
allergic rhinitis seems dose-dependent. Tn chapters 3-5 a dose of 200 pg FPANS daily was
used, which is considered a low dose. Effect of local corticosteroid freatment on nasal

inflammatory cells will be discussed in the following paragraphs.

Must cells

Data on the effects of allergen provocation on mast cell numbers in the nasal mucosa is
coniradictory and comparison with resulis from different authors is restricted by different
immunohistochemical techniques. The same holds true for data on the effects of corticosteroid
treatment on mast cells, There are few studies using monoclonal antibodies against IgE,
tryptase and chymase. The data available seems to point to different reactions related to the
strength of the allergen stimulus and the intensity of the therapy applied. Bradding found a
reduced influx of tryptase positive cells in the epithelium, and no change in the lamina propria
using Fluticasone Propionate aqueous nasal spray (FPANS) 200 ug once daily in seasonal
allergic rhinitis compared to placebo (31), Juliusson described the same using Budesonide
400 pg (29). In our depariment, (FPANS) 200 pg daily was compared with placebo in a two-
week daily threshold aliergen provocation study in patients with an isolated grass-pollen
allergy. A reduction in tryptase-positive cells was found in the epithelinm, but not in the
lamina propria (32). As described in chapter 6, using FPANS 400 pg, both in epithelium and
lamina propria a significant inhibition in mast cell influx compared to placebo was seen after
allergen provocation. Rak et al. did find a reduction in mast cells in the lamina propria using
FPANS 200 pg, but this was found in an allergen provocation study with a large single-
allergen dose (4). In chapter 5 we found in perennial allergic rhinitis, using FPANS 200ug, a
significant reduction in epithelial mast cells, but not in the lamina propria. Godthelp et al.
described, in a perennial allergic rhinitis study comparing FPANS 400 pg, FPANS 200 pg and
placebo, a significant reduction in tryptase and chymase-positive cells in the epithelium for
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both therapies compared to placebo. In the lamina propria a significant reduction was found
after treatment with FPANS 400 g, but not after treatment with FPANS 200 ug (33). From
this data it is concluded that epithelial mast cells are reduced by local corticosteroid treatment.
Reduction of the numbers of mast cells in the lamina propria can only be demonstrated under

extreme conditions, either by using a large allergen stimulus, or high dose treatment,

Antigen- presenting cells and macrophages

Studies performed in our group in perennial allergic rhinitis and in provocation studies
showed that even low dosages of local steroids result in total disappearance of CDI1+ cells
during disease and a virtually complete inhibition of the influx of LC during allergen
provocation in the epithelium (chapter 4-6)(32, 33). Also, a significant reduction in the
number of CD1+ cells and HLA-DR+ cells during disease and a significant inhibition of the
influx were seen in the lamina propria of the nasal mucosa (chapter 4). As described in
chapter 6, we found a significant effect inhibition of influx of macrophages in the nasal
mucosa after allergen provocation in the FPANS treated group. No change in monocyte and
macrophage cell numbers were seen after corticosteroid treatment in patients with perennial
allergic rhinitis (chapter 5). This is in accordance with the above mentioned study by

Juliusson (34).

T cells

The effect of local corticosteroid therapy on T cell numbers depends on the intensity of the
allergen stimulus and the dose and duration of the therapy.

Rak et al. performed a provocation study in grass pollen allergic patients. Nasal biopsies were
performed before treatment and 24 h afler an allergen provocation and subsequently
processed for immunchistelogy. Local corticosteroid treatment (high-dose) resulted in a
marked recduction in T lymphocytes and CDD25+ (interleukin-2 receptor bearing) cells in both
the epithelium and submucosa (4). In a similar study (chapter 6), we also found T cell
reduction in epithelium and lamina propria after single allergen provocation in the high-dose
FPANS group. However, we did not find any differences in number of CD25+ ceils.

Using low-dose FPANS treatment in perennial allergic rhinitis, we found no significant
differences in the number of CD3, CD4, CD8 and CD25 positive cells in epithelivm and
lamina propria after three months of therapy (chapter 4); However, after one year a significant

decrease was found in CD3, CD4 and CD8 positive cells in the epithelium. No significant
17



changes were found in the CD25+ cells and no significant changes were found in the lamina
propria (chapter 5). In a double blind comparison of two different doses of FPANS in the
treatment of patients with perennial allergic rhinitis a significant reduction was found in
CD3+ and CD4+ cells in the epithelium and the lamina propria when FPANS 400 pg was

compared with a placebo (33},

Eosinophils

Studies performed in our group and by Orgel, Rak and Bradding , showed that a considerable
reduction of eosinophils, activated eosinophils and eosinophilic products occurs after local
corticosteroid treatment (chapter 6)(4, 11, 31, 35-37) Even when the allergen stimulus is
large, as in allergen provocation studies, or when the local corticosteroid dose is relatively
low, the decrease in cells is substantial. However, despite prolonged treatment with FPANS
400 pg, eosinophils increased significantly in nasal mucosa in the following 24 hours when a
large allergen stimulus is used {chapter 6). With the repeated biopsy method we were able to
find an increase of eosinophils in the placebo pre-treated group in unchallenged nasal mucosa.
Tissue eosinophilia after nasal allergen challenge is normally thought to occur as a result of
the allergen stimulus, and inhibited by topical corticosteroids. We suggest it might also oceur
partly due to placebo treatment itself.

These results show that the accumulation of activated eosinophils after allergen provocation is
decreased by nasal steroid. This reduction in eosinophil numbers tends to be more
pronounced in the epithelium than in the lamina propria. The magnitude of this difference

seems to be related 1o the intensity of the allergen chatlenge.

Cytokines

Bradding et al. showed a suppression of the number of IL-4 protein positive cells in the
lamina propria in a study in patienis with seasonal allergic rhinitis receiving topical
Fluticasone nasal spray (200 micrograms daily) or matching placebo during the pollen season.
Fluticasone treatment, however, failed to influence the number of IL-5 and IL-6 protein
positive cells (31). In addition, Godthelp also found a significant reduction of 11.-4 profein
positive cells in the epithelium and lamina propria after treatment with 400 pg FPANS in the
doubte blind comparison of two different doses of FPANS in patients with perennial allergic
rhinitis mentioned above (33). Using in sifi hybridisation, Masuyama et al. showed a decrease
in the celis expressing RNA for IL-4, but not for IL-5, after treatment with Fluticasone
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aqueous nasal spray (37). In our group, inhibition of mRNA for -4 and 1L.-5 was found in a
threshold provocation model using polymerase chain reaction techniques (36), Using i situ
hybridisation, we found that FPANS treatment implemented out of season in patients with
seasonal rhinitis reduced the numbers of IL-3 and IL-6 mRNA positive cells in nasal mucosa.
After allergen provocation FPANS treatment inhibited the increase of IL-3, IL-5, [L.-13, IFN-
y, and RANTES mRNA positive cells. We failed to find any IL-4 effects in this study

(chapter 7).

Inflammatory cells, FPANS and nasal symptoms

In patients with seasonal and perennial allergic rhinitis the number of nasal mucosal
inflamnmatory cells is increased compared to controls. Intranasal corticosteroid treatment was
demonstrated to reduce these numbers(l, 28, 33, 38, 39). What is the significance of the
reduction in numbers of inflanunatory cells for the understanding of the efficacy of
corticosteroids. In symptomatic allergic patients changés in nasal complaints are associated
with corresponding changes in numbers of inflammatory cells (chapters 5 and 6). However,
we, nor others, could demonstrate a statistical significant correlation between changes in cell
numbers and nasal symptoms. We found that in non-symptomatic hayfever patients out of the
season FPANS pre-treatment reduced the non-elevated number of mucosal Langerhans cells,
T cells, eosinophils, mast cells and macrophages without any change in symptoms (chapter 6).
Blom et al. showed in patients with non-allergic, non-infectious perennial rhinitis (NANIPER)
a significant reduction in numbers of immunocompetent cells after treatment with FPANS,
also without a change in nasal complaints (40). it seems that nasal corticosteroids reduce
inflammatory cells in nasal mucosa irrespective of the underlying nasal disease or condition
(allergic or non-allergic rhinitis, chatlenged or non-challenged). From the above it is clear that
it is very difficult to relate the changes in nasal mucosa cell numbers occurring after treatment
to the clinical efficacy of the corticosteroid freatment, Other factors as cell activation and cell
derived mediators also should be considered (3, 35, 41). On the other hand, the corticosteroid
induced decrease of cell numbers probably contributes to the efficacy of the freatment as less
cells produce less mediators.

From the studies deseribed in this thesis a difference in effect on nasal mucosal lymphocytes
between perennial and seasonal allergic rhinitis of FPANS can be observed, In perennial
allergic rhinitis no change in number of T cells is seen in lamina propria after FPANS

tfreatment (chapter 4 and 5). However, after a strong allergen provocation outside the scason
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in patients with seasonal allergic rhinitis, FPANS significantly reduced the number of T cells
in epithelium and lamina propria (chapter 6). It can be hypothesised that the antigen challenge
in a perennial population is ongoing but less vigorous, therefore leading to a less prominent
inflammatory infiltrate more susceptible to intranasal steroids. Nevertheless, the number of
lymphocytes in the Jamina propria was not inhibited f)y steroid treatment in the perennial
patient group, Perhaps, the number of lymphocytes involved in the allergic mechanism
constitutes only a small portion of total fymphocytes, hence, the lack of inhibition by
corticosteroids, Further studies are necessary to explain these differences between perennial

and seasonal atlergic rhinitis after corticosteroid treatment.

FINAL REMARKS

Despite the current available therapeutic strategies, some patients still experience symptoms,
Several pathophysiological mechanisms in allergic rhinitis are eligible for new treatment
approaches, e.g. adhesion molecules, cytokines and chemokines and inflammatory mediators
such as leukotrienes. Localisation and migration of immunocompetent cells into the tissues
require, first, adhesion to the vascular endothelivm, and next, locomotion to the target organ.
In perennial allergic rhinitis increased expression of adhesion molecules (JCAM -1 and
VCAM-1) on endothelial cells has been found, associated with increased numbers of
Iymphocytes and cosinophils{42). After allergen challenge in seasonal rhinitis, VCAM-1, but
not ICAM-1, expression is increased in nasal mucosa (43, 44), Prevention of migration of
inflammatory cells into the nasal mucosa may be accomplished by reducing the expression of
adhesion molecules. Currently available drugs as corticosteroids and cyclosporin are known
to diminish the expression of ICAM-1 (45}, Monoclonal antibodies directed against adhesion
molecules may eventually prove to be effective in the treatment of inflammatory discases.

Also interesting is the possibility of regulating the T-helper cells responsible in mediating
many of the effects associated with allergic reactions. If activation of these TH2 cells can be
prevented the downstream effects, such as the inflanymation and hypersensitivity, may be
abrogated. One way of achieving this is via antigen presenting cells (APCs). For instance,
interleukin (IL)-10 has been shown to inhibit T cell proliferation in response to exogenous

antigens indirectly by acting on APC function. Furthermore, 1L-10 treated dendritic cells
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(DC) induce a state of alloantigen-specific anergy in CD4+ T cells and might thus be useful to
down-regulate unwanted imumune responses such as allergy (46).

Recently, leukotriene synthesis inhibitors and leukotriene receptor antagonists have become
available for the treatment of allergic diseases. Leukotriene synthesis is reduced by inhibition
of 5-lipoxygenase or S-lipoxygenase activating protein (FLAP), preventing arachidonic acid
to convert into leukotriene Bd, C4, D4 and E4. There are so far few studies that have
addressed the effects of these new drigs on allergic rhinitis. (47, 48). It seems that nasal
obstruction is the symptom that is reduced most by these new drugs. Perhaps, combination
therapy of leukotriene synthesis inhibitors and leukotriene receptor antagonists with other

therapeutic regimens may provide patients with optimal relief of allergic symptoms.

Conclusions

1. This thesis reports the first placebo-controlled study on the effects of long-term FPANS
treatment in perennial allergic rhinitis patients, on nasal symptomatology and
immunohistology of the nasal mucosa

2. Tt was demonstrated that in a period of 12 months no mucosal damage occurred and no
systemic effects were found,

3. We found that the maximal efficacy of intranasal FPANS is not reached after a treatment
period of 4 weeks (as previously thought), but after a treatment period of 10 months.

4. Intranasal corticosteroid treatment results in the reduction of the number of nasal mucosal
inflammatory cells of non-symptomatic and symptomatic hay fever patients. Changes in

cell numbers are not accompanied by changes in nasal symptomatology.
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Summary

Topical nasal corticosteroids are frequently used in the treatment of allergic rhinitis. Nasal
corticosteroids reduce most of the nasal sympioms caused by aeroallergens. Patients with
perennial (allergic) rhinitis sometimes use this medication for a long period of time. The aim
of this study was to investigate the effect of nasal corticosteroids on nasal mucosa and on
nasal mucosat inflammatory cells of patients with perennial allergic rhinitis during long-term
use, but also after artificial ailergen provoeation with grass-pollen in patients with seasonal
allergic rhinitis,

in chapter 1 allergy is defined, the different forms of rhinitis are described, and
epidemiological aspects are discussed, An update of the pathophysiology and cellular aspects
of allergic rhinitis is given. In addition, the therapy of allergic rhinitis is discussed, focussing
on corticosteroids.

In chapter 2 the aims of the study are described.

In chapfer 3 the safety and efficacy of Fluticasone Propionate (FPANS) is investigated in a
double blind, placebo-controlled, randomised study during a one-year treatment period of
patients with perennial allergic rhinitis. FPANS was a well-tolerated, safe treatment for
patients with perennial allergic rhinitis with no evidence of deleterious effects on nasat
mucosa, The efficacy of FPANS improves after long-term treatment.

In chapter 4 the effect of 3 months’ nasal steroid therapy (FPANS) on nasal T cells and
Langerhans cells is investigated in nasal mucosa of patients with perennial allergic rhinitis,
FPANS significantly reduced the number of Langerhans cells and HLA-Dr positive cells in
nasal epithelium and lamina propria, but not of nasal T cells. These findings suggest that
steroid treatment decrease antigen presentation in nasal allergy |

In chapter S the effect of Fluticasone Propionate (FPANS) on nasal mucosal inflammatory
cells is investigated in a double blind, placebo-controlled, randomised study during a one-year
treatment period of patients with perennial allergic rhinitis. After one year of treatment, a
significant decrease was seen in the epithelium in numbers of Langerhans cells, CD3+, CD4+,
CD8+ cells, mast cells and eosinophils, In the lamina propria, there was a significant decrease
in eosinophils, These findinpgs show that FPANS treatment results in a decrease of nasal
inflammatory cells,

In chapter 6 the effect of six weeks pre-treatment with Fluticasone Propionate on nasal
symptems and inflammatory cell numbers after nasal allergen provocation in patients with

seasonal atlergic rhinitis was investigated in a double blind, placebo-controlled study.
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Nasal mucosa biopsies were taken five times in every patient, A significant reduction in early
and late phase symptoms was found in the FPANS treated group compared with the placebo
group, After four weeks of treatnent but before allergen provocation significantly fewer
epithelial Langerhans cells, CD68+ cells, BMK13+ cells, CD3+ cells, CD4+ cells, CD8+ cell,
chymase positive cells, and tryptase positive cells were found in the FPANS group compared to
the placebo group. In the lamina propria significantly fewer Langerhans cells and BMK13+ cells
were found in the FPANS group. Cell influx in nasal mucosa after allergen provocation was
significantly inhibited in the FPANS group compared to the placebo group for epithelial
Langerhans cells, chymase positive cells, macrophages, CD3+ and CD8+ cells, and lamina
propria eosinophils, chymase positive cells, Langerhans celis, macrophages, CD3+ cells, CD8+
cells and CD4-+ cells. The efficacy of even a prolonged period with corticosteroid treatment is
diminished 24 hours after allergen provocation.

In chapter 7 the effect of six weeks pre-treatment with Fluticasone Propionate on eosinophils
and mRNA positive cells (in situ hybridisation for 1L-2, IL-3, IL-4, IL-5, IL-6, iL-8, 1L-10,
Ii-13, TFN-y, RANTES and TNF-o) after nasal allergen provocation in patients with
seasonat allergic rhinitis was investigated in a double blind, placebo-controlled study. Treatment
with FPANS out of season resulted in a decrease in eosinophils and mRNA positive cells for
iL-5 and TL-6. After allergen provocation, levels of most of the measured cytokines (IL-3,
IL-5, IL-6, IL-13, IFN-y, RANTES and TNF-a) and eosinophils were reduced using
corticosteroids. The numbers of cetls (eosinophils, 1L-3, 1L-6 and 1L-8) correlated with
nasal symptoms, Significant correfations in the early and late allergic phase were found
between eosinophils and cytokines (IL-3, IL-4, IL-5, IL8, IL.-10 and IL-13). These results
indicate that pretreatment with FPANS prior to contact with grass pollen is effective in

reducing the increase of cytokine mRNA positive cells in reaction to grass pollen contact.
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Samenvatting

Lokale corticosferoiden worden veelyuldig gebruikt voor de behandeling van allergische
rhinitis, Nasale steroiden verminderen vrijwel alle neuskiachten veroorzaakt door de allergie,
Bij patiénten met kiachten het hele jaar door worden deze medicamenten soms langdurig
gebruikt, Het doel van deze studie was het onderzoeken van het effect van lokale
corticosteroiden op neusslijmvlies en op ontstekingscellen in het neusslijmvlies van patiénten
met een allergische rhinitis tijdens fangdurig gebruik, maar ook tijdens artificiéle allergeen

provocatie buiten het seizoen bij patiénten met een graspollen allergie.

In hoofdstuk 1 wordt allergie gedefinieerd, cen overzicht gegeven van de verschillende
vormen van rhinitis, en de epidemiologie van allergische rhinitis besproken. De huidige
kennis betreffende de pathofysiologie en cellulaire aspecten van aflergische rhinitis wordt
beschreven. Ten slotte wordt ingegaan op de behandeling van allergische rhinitis met nadruk
op het werkingsmechanisme van corticosteroiden.

In hoofdstuk 2 wordt het doel het onderzoek omschreven.

In hoofdstuk 3 zijn de veiligheidsaspecten en werkzaamheid van een 1 jaar durende
behandeling met Fluticasone propionate (FPANS) bij patiénten met een perenniale
allergische rhinitis onderzocht in een gerandomiseerde, placebo gecontroleerde studie. Er
werden geen systemische bijwerkingen gevonden na 1 jaar behandeling, Ook werden in het
neusslijmvlies van deze patiénten geen nadelige invioeden van de behandeling gezien. Er
waren geen aanwijzingen voor slijmviiesatrofie of bindweefsel veranderingen. De
werkzaamheid van Fluticasone propionate lijkt te verbeteren na langdurige behandeling.

In hoofdstuk 4 wordt het effect van 3 maanden behandeling met Fluticasone propionate op
Langerhans en T cellen in het neusslijmvlies van patiénten met een perenniale allergische
rhinitis onderzocht. Het aantal Langerhans cellen en HLA-Dr positieve cellen is na 3 maanden
behandeling verminderd in de actief behandelde groep, vergeleken met de placebo behandelde
groep. Er is geen significant verschil in T cellen tussen de twee behandelingsgroepen. Deze
bevindingen suggercren een verminderde antigeen presentatie als gevolg van steroid
behandeling.

In hoofdstuk 5 wordt het effect van 1 jaar, placebo gecontroleerde, behandeling met
Fluticasone propionate onderzocht op diverse ontstekingscellen in het neusslijmvlies van

patignten met een perenniale atlergische rhinitis, et aantal epitheliale Langerhans cellen,
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CD3+, CD4+ en CD8+ cellen, mestcellen en eosinofielen in de actief behandelde groep is
significant lager na | jaar behandeling. In de famina propria was na 1 jaar actieve behandeling
alleen het aantal eosinofielen significant lager.

In hoofdstuk 6 wordt het effect van 6 weken voorbehandeling met FPANS op klachien en
celluiaire aspecten van hetl neusslijmvlies geanalyseerd. In deze studie werden patiénten met
een graspoilen allergische rhinitis na 6 weken, placebo gecontroleerde, behandeling
geprovoceerd met graspollen. Gedurende de onderzoeksfase werden 5 neusslijmvlies biopten
genomen. Na actieve behandeling, maar voor allergeen provocatie, was het aantal epitheliale
Langerhans cellen, mestcellen, eosinofielen, macrofagen, en T cellen significant lager dan in
de placebo behandelde groep. In de lamina propria was het aantal Langerhans cellen en
eosinofielen significant lager. Na allergeen provocatie was er een significante vermindering
van influx in het neusslijmvlies van Langerhans cellen, mestcellen, T cellen en macrofagen in
de FPANS behandelde groep in vergelijking met de placebo groep. Door de herhaalde
neusslijmvlies biopten wordt ecen beter inzicht verkregen in de cellulaire aspecten. Deze
worden besproken,

In hoofdstuk 7 wordt het effect van 6 weken voorbehandeling met FPANS op mRNA van
verschiltende cytokines en chemokines in het neusslijmvlies onderzocht met behulp van in
sifu hybridisatie fechnieken. In deze studie werden pati#nten met een graspollen allergische
rhinitis na 6 weken, placebo gecontroleerde, behandeling geprovoceerd met graspollen.
Gedurende de onderzoeksfase werden 5 neusslijmvlies biopten genomen. Behandeling met
FPANS, voorafgaande aan allergeen provocatie, resulieerde in cen verlaging van mRNA van
interleukine(IL)-5 en IL-6. Na allergeen provocatie was het aantal mRNA positieve cellen
voor [L-3, IL-5, IL-13, interferon{IEN)-y, en RANTES in de FPANS groep significant lager
dan in de placebo groep. Br werden significante correlaties gevonden tussen eosinofielen in

het neusslijmviies en mRNA van bijna alle geteste cytokines en chemokines.
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Abbreviations

AP
APAAP
APC
BU

CD

DC
ECP
EDN
EM
EPO
FLAP
FPANS
GM-CSF
GP

GR
GRE
HDM
HLA
HPA

ICAM
IFN-y
Ig

IL
LC
LPR
LTC4
MBP
MC
MHC
MIP

Alkalisch phosphatase

Alkalisch phosphatase anti-Alkalisch phosphatase
Antigen Presenting Cell

Biological Units

Cluster of Differentiation

Dendritic Cell

Eosinophilic Cationic Protein

Eosinophil Derived Neurotoxin

Electron Microscope

Eosinophil PerOxidase

5-lipoxygenase activating protein
Fluticasone Propionate Aqueous Nasal Spray
Granulocyte Macrophage-Colony Stimulating Factor
General Practitioner

Glucocorticoid Receptor

Glucocorticoid Response Element

House Dust Mite

Human Leukocyte Antigen
Hypothalamo-pituitary-adrenocorticoal axis
hour

InterCellular Adhesion Molecule
Interferon-gamma

Immuneglobuline

Interteukine

Langerhans Celi

Late Phase Response

Leukotriene C4

Major Basic Protein

Mast Cell

Major Histocompatibility Complex

Macrophage Inflammatory Protein
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NANIPER
NHS

PAF

PBS

PCR
PD20

PGE2
RAST
TNE-a
TxB2
VCAM
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Non-allergic, non-infectious perennial rhinitis
Normal Human Serum

Platelet-Activating Factor

Phosphate Buffered Saline

Polymerase Chain Reaction .
Provocative Dose causing a 20% fall in forced expiratory
volume in one second

Prostaglandine E2
Radio-Allergo-Sorbent-Test

Tumor Necrosis Factor —alpha

Tromboxane B2

Vascutlar Cellular Adhesion Melecule
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