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Chapter 1

INTRODUCTION

THE NOSE

Anatomy

The nose consists of the nostrils and the nasal cavities which are bisected from
front ta back by the nasal septum (Fig. 1 and 2). Thelenght of the internal nose
is 10-12 cm from the tip of the nose to the pharyngeal wall. Due to the
prominenceof the turbinates from the lateral wall, each of the two nasal cavities
is a narrow slit, only 2-4 mm wide. The nasal valve (internal ostium), which is
the narrowest part of the whole airway, separates the nostril region from the
nasal cavities. The complex anatomy, together with the fact that the nose
accounts for nearly 50% of the total airway resistence (Proctor 1976), indicates
that it is more than a simple conductive airway.

Fig. 1.

Lateral wall of the nasal cavity. NV is
the nasal vestibule. The openings of the
paranasal sinuses are under the middle
(MT) and superior (ST) turbinates. IT
is inferior turbinate.
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orbit

ethmoid cells
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Fig. 2.

Coronal section through the nasal cavities at the level of the anterior ethmoid.

Fig. 3.

The nasal mucosa and its different layers: 1,
mucuslayer; 2, ciliated pseudostratified
columnarepithelium; 3, basement
membrane; 4-7 lamina propria with
lymphoid and nonlymphoid cells, mucous
glands, cavernoussinusoids; 8, 9,
periosteum and bone/ cartilage.
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The nasal mucosa

The nasal mucosa consists of epithelium usually covered with mucus, the
basement membrane and the lamina propria. The basement membrane
separates the epithelium from the lamina propria (Fig. 3). The vestibulum of the
nose and the first millimeters of the nasal cavity are lined with stratified
squamous epithelium. The rest of the nasal cavity is covered mainly with
ciliated columnar epithelium and/ or partially stratified cuboidal epithelium
(Boysen 1982).

The nasal respiratory epithelium consists of ciliated- and non-ciliated
epithelial cells, basal cells and goblet cells. Moreover, migratory cells like
lymphocytes, eosinophils, neutrophils, mast cells and HLA-DR+ cells

(Langerhans cells and dendritic cells) can be detected between the epithelial
cells.

The lamina propria is part of the nasal mucosa situated between the
basement membrane and the underlying supportive tissue (cartilage or bone).
Normally the lamina propria is composed of a cell-rich, collagen- poor,
subepithelial layer in wich most of the mucus glands are found. The deeper
layer, which is resting on the skeleton, is cell poor and collagen rich. In the
lamina propria lymphocytes, plasmacells, eosinophils, mast cells, neutrophils,

Langerhanscells and dendritic cells are found.

Functional aspects

The anatomy of the nose is important for its functions: warming up,
humidification and filtration of inhaled air, in order to protect the delicate
structures of the lower respiratory tract. Another function of the nose is the
sense of smell which is vital in many animals and in humanssignificant for
enjoyment of eating and drinking. The inability to breath through the nose is
uncomfortable especially in subjects with asthma and hyperreactive airways
during exposure to environmental challenges. Maintenance of nasal breathing is
important, because it can partially prevent exercise-induced bronchoconstriction
(Griffen et al. 1982).

Relation between upper- and lower respiratory tract

Because the upper- and lowerrespiratory tract is a continuum,it is possible that
nasal pathology, or alterations in nasal physiology, could adversely influence
lower airway performance. In situations where coexisting pathogologies exist in
the nose and intrathoracic airways, deterioration in one organ mayresult in a
decrease of function in the other. These considerations gave rise to the
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hypothesis that nasal disease can be involved in the pathogenesis of lower airway
disease, like asthma. Indeed, an association of nasal and paranasal sinus diseases

with bronchial asthma has been described (Slavin 1982, Rachelefsky et al. 1984,

Mingset al. 1988). However, the mechanisms involved (parasympathetic reflex?,
blockade of  adrenoreceptors?) are still elusive.

Hosemannet al. (1990) found an improvement in the lungfunction and/ or
in the use of less lungmedication in 77% of the patients with asthma who
underwent endoscopic sinus surgery for chronic sinusitis. Slavin et al. (1983)
described a subjective improvement of the lungperformance in 66%of patients
with asthma after removal of nasal polyps, but this was not confirmed with
objective lungfunction tests. To obtain more precise data, concerning the
relationship between the upper and lower respiratoty tract, we compared clinical
data and lungfunction tests in patients with nasal polyps before and after
treatment with surgery andtopical steroids (budesonide, 400 pg daily).

NASAL POLYPS

General aspects

Nasal polypsare glinstening, pale gray, smooth, soft, semitranslucent and freely
movable tumors, attached by a pedicle. They arise from the nasal mucosa of the
middle turbinates and the ostia of the ethmoid and maxillary sinusus (Larssen
& Tos 1991). They seldom arise from the nasal septum or the inferior turbinates.
There is no explanation for this striking difference in localisation. The polyps

_ can extend to the nasal cavity filling up the nose, which causes nasal
obstruction, reduction of smell and chronicsinusitis.

Multiple nasal polyps are frequently found and they occur most often
bilaterally. In this thesis we only examined bilateral benign nasal polyps. When
occurring unilaterally, other tumors, like inverted papilloma, have to be
excluded by histological examination.

Incidence

The overall frequency of nasal polyps is 4.2% (Settipane & Chafee 1977). The
incidence of nasal polyposis increases with age. They are most frequently found
in patients in their third or fourth decade. The ratio man : woman = 3:1
(Friedman & Osborn 1982). The incidence of nasal polyps in children is
extremely low, about 0.1% (Lanoff et al. 1973, Settipane & Chafee 1977). In
children with cystic fibrosis the incidence is 6.7% (Settipane & Chafee 1977) to
29% (Schramm & Effron 1980), whereas in asthmatic children the incidenceis
1.8% (Settipane & Chafee 1977). The frequency of nasal polyps in adult
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asthmatics (10-50 year) is 7%. In patients with aspirin intolerance, Chafee &
Settipane (1974) found nasal polyps in 36%, whereas other authors reported a

frequency of 60-100% (Ogino & Harada 1986, Caplin et al. 1971, Spector etal.
1979).

Etiology

Historically the existence of nasal polyps dates as far as 1000 BC. (Vancil 1969).

Despite much research through the centuries the etiology of nasal polypsisstill
unknown.

Association with systemic diseases

In the past mich attention has been payed to IgE-mediated allergy as a causal

factor for nasal polyps. Bunnaget al. (1983) suggested that allergy is a constant
feature in nasal polyposis, because of the occurrence of positive skin tests in
combination with elevated allergen-specific IgE in nasal polyp fluid. However,
Perkins et al. (1989) found no evidence for a cause-and-effect relationship

between nasal polyps and an IgE-mediated allergy by determination of allergen-
specific IgE in nasal secretions and nasal polyps, skin tests, serum RAST and
clinical history of allergy. Moreover, in patients with a proved allergy (skintests/
RAST)the incidence of nasal polyps is low (0,5% reported by Caplin et al. 1971,
3% by Sakaguchiet al. 1986) and nasal polyps occursignificantly more frequent
in patients with asthma and negative skin tests than in patients with asthma and
positive skin tests (12,5% versus 5,0%, Settipane & Chafee 1977). Furthermore,
nasal polyps are rare in children and adolescents with atopic dermatitis, hay
fever and allergic asthma. Finally, Delaney (1976) noted that the prevalence of

positive skin tests in patients with nasal polyps is similar to the prevalence in
patients with the same respiratory complaints without nasal polyps. Althoughit
can be concluded that an IgE mediated allergy is not a causal factor for nasal
polyps, patients with an IgE-mediaded allergy have a significantly higher
recurrence rate of nasal polyps after endoscopic surgical removal than patients
without an IgE-mediated allergy (50% versus 25% respectively, Vieming et al.
1991).

Asthma, aspirin intolerance and nasal polyps form the triad of aspirin
induced asthma (AIA). Aspirin or aspirin-like anti-inflammatory drugs inhibit
the conversion of arachidonic acid into prostaglandines and divert more
arachidonic acid into the lipoxygenase pathway, causing an increase of 15S-HETE
and leukotriene synthesis (Junget al. 1987, Fig. 4). In inflammatory reactions of
the respiratory tract these mediators modulate the vascular permeability,
chemotaxis of inflammatory cells and airway mucus secretion (Samuelsson
1983). These processes stimulate inflammatory reactions and may explain the
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Phospholipid

- Infection

- Allergy

{ Arachidonic Acid

J
{ 45-HETE } Prostaglandins Fig. 4.
{ Leukoirienes Possible role of the arachidonic acid metabolites

in the inflammatory process that may cause
| nasal polyps in patients with an aspirin

intolerance (15 HETE= hydroxyeicosatetraenoic
acid, Jung et al. 1987).{ Inflammatory Process

high incidence of nasal polyps amongpatients with an aspirin intolerance (36%,
Settipane 1987).

Patients with cystic fibrosis also have a high incidence of nasal polyps
(20%, Settipane 1987). This disease is characterized by generalized dysfunction
of all exocrine glands, including those which secrete mucus. The abnormal
mucus secretion results in a reduction of the mucociliary clearance and causes
chronic infections in the respiratory tract which may lead to the formation of
nasal polyps. Also primary ciliary dyskinesia is associated with the occurrence

of nasal polyps. In this disease the impaired movements of the cilia give a
reduction of mucociliary clearance in the respiratory tract (van der Baan 1985)
which evokes chronic infections.

Local factors

Although the aforementioned systemic diseases cause similar inflammatory
reactions in the mucosa of the upper and lowerrespiratory tract, this leads to the
formation of nasal polyps in the mucosa of the ethmoid region and the middle
turbinates only. Apparently there are local factors which contribute to the growth
of nasal polypsat specific sites in the nasal mucosa.It is not clear wich factors
are of importance: aerodynamic conditions, hemodynamic factors, frequent
contact of the mucosa with infected material or changes in local immunity.
Becauselittle is known about the formation of nasal polyps with respect to the
distribution of immunologically active cells in the nasal mucosa and nasal
polyps, we focussed on these aspects in this thesis.
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Pathogenesis

The formation of nasal polyps has been referred to as adenomatosis (Billroth
1855), as inflammatory hyperplasia of the mucosa (Zuckerkandl 1882), or a
myxomatous degeneration c.g. fibromatosis. According to Hajek (1896) the

formation of polyps starts with submucosal edema and with an increase of
glandular contents , while Yonge (1907) ascribed the formation of nasal polyps
to cystic degeneration of glandular ducts causing an obstruction of blood vessels
of the nasal mucosa followed by edema. Krajina (1963) believed that
inflammatory infiltrations of the nasal mucosa during chronic infections and
allergic episodes, combined with a localized increase of nasal glands, both
causing bulging of the mucosa, are main factors in the pathogenesis of nasal
polyps. According to the theory of Tos & Mogensen (1977) the reduced air flow
through the upper part of an allergic and chronically infected nose is the main
etiological factor of nasal polyps. Infiltration and edema of the nasal mucosa
result in the rupture of the epithelium followed by the appearence of granulation
tissue which gradually becomes lined with pseudostratified columnarepithelium
(Fig. 5).

 
Fig. 5,
Schematic presentation on polyp formation: A, infiltrate and oedema of the nasal mucosa,
rupture of the epithelium and formation of granulation; B and C, epithelisation of the
granulation tissue and formation of the vascular stalk (VS); D, formation of glands; B, passive
elongation of the long tubular glands (Tos & Mogensen 1977).
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HISTOLOGY OF NASAL POLYPS

General features

The stroma of nasal polyps is very edematous and is infiltrated with variable
numbers of inflammatory cells. Mucous glands in nasal polyps are few and
denervated (Tos & Mogensen 1977, Caunaet al. 1972). Bende & Flisberg (1985)
showed that the mean blood flow in polyps is only 38% of the normal mucosal
blood flow.

Kakoi & Hiraida (1987) classified nasal polyps histologically into three
types: (1) edematous type (60 %) in which the interstitium is composed mainly
of edematous tissue which contains some mucous glands without cyst
formation, (2) glandular and cystic type (27 %) in which mucousglands and/ or
cystic formations are the most prominent structures, (3) fibrous type (13 %) in
which proliferation of fibroblasts and collagen fibers are most prominent.

Epithelium

The surface epithelium of nasal polyps is usually of the respiratory type and
consists of ciliated columnar epithelium and goblet cells; occasionally squamous
metaplasia occurs (Drake-Leeet al. 1984). Epithelial damage is commonly seen
in nasal polyps (Wladislavosky-Wasserman et al. 1982). In larger nasal polyps
the epithelium consists of hypertrophic cylindrical cells with a marked
intercellular distention, and it is characterized by total loss of cilia. These
changes are considered to be a result of rupture of the original epithelium and
subsequent formation of a new, one layer thick epithelium to line the
granulation tissue (Tos & Mogensen 1977, Paludetti et al. 1983). Since
compressive forces can act on the epithelium, its cells may become flattened

and loose their specific features, such as the cilia. (Friedman & Osborn 1982,
Paludetti et al. 1983). The extent of the damage is variable, ranging from
relatively little damage (less than 20%) to almost complete loss of functional
epithelium damage more than 85%).

Cellular infiltration of nasal polyps

The edematous stroma of nasal polyps contains inflammatory cells like HLA-
DR+ cells, lymphocytes, eosinophilic granulocytes, mast cells and neutrophilic
granulocytes. The action and interaction of these cells and their mediators,
which may sustain the inflammatory process, is very complex and only
partially understood. The most importantcells in nasal polyps will be discussed.
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HLA-DR+ cells

HLA-DR molecules can be found on epithelial cells (Selby et al. 1983, Lindhahl
et al. 1985), dendritic and Langerhanscells (Fokkenset al. 1989), macrophages
(Hirschberg et al. 1976) and on activated T cells (Metzgaret al. 1979). HLA-DR+
dedritic cells, Langerhans cells and macrophages play a role in processing,
transport and presentation of antigens (Brandtzaeg 1984, Fokkenset al. 1989).
HLA-DR+ epithelial cells are also considered as antigen presenting cells
(Brandtzaeg 1984). Chronic inflammatory diseases in the mucosa of the upper
respiratory tract seem to be correlated with an increased expression of
HLA-DR, since HLA-DR expression on glandular epithelial cells in nasal
mucosa of patients with nasal complaints occurs almost twice as often as in the
nasal mucosa of healthy controls (Hameleersetal. 1990).

Lymphocytes

T lymphocytes

Most studies on lymphocytes in the upper respiratory tract concern thetonsils
(Brandtzaeg 1984). Only Winther et al. (1987) described the T lymphocyte
distribution in the inferior turbinates of normal human nasal mucosa. In the
maxillary mucosa of patients with chronic sinusitis infiltration of lymphocytes
is one of the characteristic findings (Nishimoto etal. 1988).

T lymphocytes and their subsets are regulatory and effector cells in the
inflammatory response (Ernst et al. 1987). T cell factors (interleukin 3,
interleukin 5 and GM-CSF)initiate and support the proliferation, differentiation
and activation of eosinophils (Miller & McGarry 1976, Vadas et al. 1983,
Enokihara et al. 1985, Sanderson et al. 1985, Metcalf et al. 1986, Campbell etal.
1987, Owenet al. 1987, Fujisawaet al. 1989). Moreover, interleukin 3, 4 and 5
are important growth and activation factors for mast cells and basophilic
granulocytes (Thle et al. 1983, Hamaguchi et al. 1987, Miyajima et al. 1988).
Finally, interleukin 4 and S enhance the synthesis of IgE by B lymphocytes
(Defrance et al. 1987), whereas this effect is inhibited by INF-y which is also
produced by T lymphocytes (Coffman & Carty 1986, Romagnaniet al 1989).

CD4+ (helper/ inducer) T cells and CD8+ (suppressor/ cytotoxic) T cells
are two lymphocyte subsets which are considered to have a helper and
suppressor function respectively, but the precise role of CD4+ and CD8+cells is
still a matter of controversy (Takada & Engleman 1987, Schrezenmeier &
Fleischer 1988). CD4+ T cells may exercise a cytotoxic function (Rotteveeletal.
1988) and CD8+ T cells with cytotoxic or contrasuppressor activity have been
described Greenetal. 1982, Lehner et al. 1985, Leeet al. 1988).
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Changes in ratios of CD4+:CD8+ cells are possibly related to
inflammatory processes in the respiratory mucosa. In the nasal mucosa of the
inferior turbinates of healthy controls Winther et al. (1987) found more

Anti-Leu-3a+ (helper/ inducer) cells than Anti-Leu-2a+ (suppressor/ cytotoxic)
cells, whereas in inflamed maxillary sinus mucosa more CD8+ (suppressor/

cytotoxic) than CD4+ (helper/ inducer) cells are found (Nishimoto et al. 1988).
Moreover, Gonzaleset al. (1987) demonstrated an increase of CD8+ cells and a
decrease of CD4+ cells in broncho-alveolar-lavages (BAL) of asthmatic patients
after allergen provocation. A selective mobilisation of CD8+ cells into the
respiratory mucosaof these patients is suggested.

Because nasal polyps are probably the result of chronic inflammation and
T lymphocytes play an important regulatory role in (local) inflammatory
processes we studied the local distribution of T cell subsets in the nasal mucosa
and polyps of patients with nasal polyposis.

B lymphocytes and plasmacells

T lymphocytes and macrophages, Langerhans cells and dendritic cells which
process and present antigens, may stimulate B lymphocytes. These activated B
cells proliferate and differentiate into antigen specific memory cells and
plasmablasts and further develop into mature plasma cells which produce

immunoglobulins.
Kakoi et al. (1987) found plasmacells in 91% of the edematous type polyps,

in 94% of the glandular and cystic type polyps and in 64%of the fibrous type
polyps. Especially in the edematous- and the glandular/ cystic type polyps,
IgG+ IgA+ and IgE+ plasmacells were frequently observed in the loose stroma
immediately beneath the mucosal epithelium and around the glands. ‘Takasaka et

al. (1986) found IgE+ plasmacells in polyps of patients with an IgE mediated

allergy and patients with an aspirin-intolerance, but very few in polyps of

chronically infected patients; IgA+ plasmacells were found in polypsof patients

with an IgE-mediated allergy, an aspirine-intolerance and in chronic infection;

IgG plasma cells in half of the polyps in IgE-mediated allergy and chronic
infections, but not in aspirine-intolerance. These authors suggest that IgA- and
IgG producing plasmacells in polyps play a role in mast cell degranulation,
probably mediated by an immune-complex mediated mechanism.

Small et al. (1985) demonstrated IgE+ plasmacells in 73%of all polyps,

whereas Whiteside et al. (1975) found IgE producing plasmacells only in nasal

polyps of patients with an IgE-mediated hypersensitivity. The latter authors
concluded that these polyps probably had a different etiology from polyps of

non-allergic persons.
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Eosinophilic granulocytes

In 65,2% (Ogawa et al. 1986) to more than 90% (Friedman & Osborn 1982) of
nasal polypsinfiltration of eosinophilic granulocytes is found. They are usually
localized around the vessels and/or glands and immediately beneath the
basement membrane. Kakoi et al. (1987) observed eosinophils in 73% of the
edematous type polyps, in 52% of the glandular and cystic type and in 13% of
the fibrous type. In patients with aspirin intolerance nasal polyps contain many
eosinophilic cells, together with a striking eosinophilia in the peripheral blood
(Ogino et al. 1986). In nasal polyps of patients with cystic fibrosis (CF)
eosinophils may be present, although fewer than in polyps of non-CFpatients
(Sorensen et al. 1977).

Because the infiltration of eosinophils is a striking feature in many nasal
polypsit is likely that these cells play a role in the pathogenesis of nasal polyps.
This is stressed by the fact that patients with eosinophilic non-allergic rhinitis
(ENR) are characterized by their high prevalence of nasal polyps (Settipane &
Chafee 1977, Mullarky 1988). Furthermore, in patients with recurrent polyposis,
Krajina et al. (1987) found an eosinophilic infiltration in 74% of the polyps, in
contrast to non-recurrent nasal polyps in which eosinophils were found in only
44%,

In the past eosinophilia in tissues has been considered as an indication for
an IgE-mediated allergy (Baumgarten etal. 1980). However, in only 25-30% of
patients with cosinophil-infilirated nasal polyps an IgE-mediated rhinopathy
could be demonstrated by medical history, skin tests and/ or RAST (Mygind et
al. 1975, John & Merret 1979, Ogawaet al. 1986). Moreover, eosinophils possess,
apart from low-affinity receptors for IgE, also receptors for IgG, IgA , IgM,
complement C3 andplatelet activating factor (PAF} (Capron et al. 1984, 1985,
1989, Dent et al. 1989, Fukuda et al. 1987, Ukena et al. 1989). This is an
indication that eosinophils can be stimulated in the absence of IgE. The
aforementioned data argue against an IgE-mediated allergy as characteristic for
eosinophilic infiltration in nasal polyps.

Because eosinophils probably play an importantrole in the development of
nasal polyps we will discuss these cells in detail.

Eosinophil differentiation and migrating factors

The migration and infiltration of eosinophils is under control of chemotactic
substances such as platelet activating factor (PAF), eosinophilic chemotactic
factor (ECF), leukotriene B,(LTB,), histamine, hydroxyeicosatetraeonic-acid (15
HETE) and complement C5 secreted by mast cells, T lymphocytes,
macrophages and eosinophils (Ogawaet al. 1981, Kroegel et al. 1981, Arnoux et
al. 1982, Nagy et al. 1982. Sigal et al. 1987. Tamuraet al. 1987. Venge et al. 1987.



22

Wardlaw & Kay 1987, Rotenberg et al. 1988, Wayoff & Moneret 1988). These
factors contribute to the accumulation of eosinophils in nasal polyps. Moreover,
Ogawa et al. (1981) demonstrated that eosinophils can generate from
complement CSa a chemotactic product which selectively attracts eosinophils. In
vitro, PAF and CSa probably have the strongest chemotactic activity on
eosinophils (Tumaruetal. 1987, Nagy et al. 1982, Sigal et al. 1987, Wardlaw et al.
1986). Furthermore, at higher concentrations LTB, and PAF induce mediator
release of eosinophils (Lewis et al. 1981, Wardlaw et al. 1986, Bruijnzeel et al.

1986).

Inflammatory products of eosinophils

When stimulated, eosinophils produce inflammatory products, like platelet-
activating factor (PAF), leukotriene-C4 (LTC,) and oxygen-derived radicals
(Venge et al. 1987). LTC, possesses potent vasoconstricting and bronchospastic
activity (Weiss et al. 1982, Soter et al. 1983). PAF increases vascular permeability,
causes further influx of eosinophils (Denjean et al. 1984) and augments the
adherence of eosinophils on endothelial célls. Moreover, PAF stimulates the
migration of eosinophils through the respiratory epithelium (Capron et al. 1984,
1988, Little & Casale 1990, Wardlaw et al. 1988) and may transform eosinophils
into an activated stage by an increased release of LT'C,, superoxide and major
basic protein (MBP) from human eosinophils (Shaw et al. 1985, Henocg 1988,
Bruijnzeel et al. 1989). It is demonstrated that eosinophils from asthmatic
patients have increased ability to release LTC, (Taniguchi et al. 1985, Schauer et
al. 1989), indicating that eosinophils from these patients are probably activated.

The cytoplasmic granules in eosinophils contain toxic proteins like major

basic protein (MBP) (Gleich et al. 1976), eosinophil cationic protein (ECP)
(Olsson et al. 1977) and eosinophil peroxidase (EPO) (Egensten et al. 1986).
When released, these (preformed) products cause an inflammatory process in

the respiratory mucosa, with exfoliation of epithelial cells and impairment of
ciliary function of mammalian and humanrespiratory epithelium (Frigas et al.
1980, Hastie et al. 1987, Gleich et al. 1988, Harlin et al. 1988, Motojima et al.
1987, 1989, Hisamatsu et al. 1990).

MBPis quantitatively predominant (more than 50%) in the granules and is
revealed by electron microscopy as a crystalloid core (Weller 1984). Harlin et al.
(1988) found a striking association between the presence of extracellular
depositions of MBP and damageof the sinus mucosa. Furthermore, Hisamatsu
et al. (1990) demonstrated that the nasal mucosaofallergic patients is damaged
by concentrations of MBP that have no effect on mucosal specimens from
normal subjects.

Besides exfoliation of epithelial cells and impairment of ciliary function,
ECP might exert proliferatory effects on lymphocytes because an enhancement
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of suppressorcell activity was found after stimulation of lymphocytes with ECP
(Peterson et al. 1986).

Extracellular release of EPO following allergen provocation was described
by Watanabeet al. (1977). EPO (supplemented by H,O, and halide) induces mast
cell degranulation and histamine release (Henderson et al. 1980a). Moreover,
EPO binds to mast cell granules and the EPO-mast cell granule complex
catalyses iodination of proteins and killing of microorganisms (Hendersonet al.
1980b).

Normo- and hypodense eosinophils

Eosinophils exist in two forms: normodense and hypodense. Electron
microscopic studies on hypodense eosinophils are contradictory. Some authors
suggest that hypodensity is the result of degranulation and vacuolisation (Prin et
al. 1983, Masuyamaet al. 1988), whereas other authors explain the hypodensity
as an increase in number of the smaller granules, which suggest formation of
new granules (Hendersonet al. 1985, Tai et al. 1985, Kauffman et al. 1987, Peters
et al. 1988, Shult et al. 1988, Kloproggeet al. 1989).

Electron microscopic studies of eosinophils obtained from nasal secretions
of patients with allergic rhinitis showed that these eosinophils were hypodensein
contrast to blood eosinophils (Masuyamaetal. 1988). Hypodense eosinophils are
probably metabolically and functionally distinct from normodense eosinophils.
Ogasawara et al. (1988) demonstrated that hypodense eosinophils in nasal
secretions from patients have an increased oxidative metabolism which may
imply an active stage of these eosinophils. Compared to normodense
eosinophils, hypodense eosinophils express more receptors for IgE (FceeRII with
low affinity, IgG (FeyRII) and complement (Wingqvist et al. 1982, Capron etal.
1984, Walsh et al. 1989) and produce larger amounts of EPO, LTC, and PAF (Tai
& Spry 1981, Lee et al. 1982, Jouvin et al. 1984, Kajita et al. 1985, Khalife et al.
1986, Fitzharris et al. 1987, Kauffmanet al. 1987).

_ Because hypodensity and activation stage of eosinophils in nasal polyps and
nasal mucosa may provide information as to the development of nasal polyps,
we further studied these aspects.

Mast cells

The role of mast cells in the pathogenesis of nasal polyps is not entirely clear,
but degranulation suggesting an ongoing release of mediators has been
demonstrated (Drake-Lee et al. 1984, Takasaka et al. 1986). Mast cells produce
histamine, chemotactic factors such as mastcell derived eosinophilic chemotactic
factor of anaphylaxis (ECF-A), cell activating factors ie. arachidonic acid
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metabolites (Prostaglandine D,, Leukotriene B,, Leukotriene C,) and Platelet
Activating Factor (PAF) (Holgate et al. 1988, Galli & Lichtenstein 1988).
Prostaglandine D2 is a potent vasodilatator and increases vascular permeability
(Beasly et al. 1988).

In patients with an IgE-mediated rhinitis mast cells migrate into the surface
epithelium of the nasal mucosa where they degranulate (Enerback et al. 1986).
However, in patients with nasal polyps (egranulated) mast cells are
predominantly found in the pedicle and deeper stroma of the polyps and in the
submucosa (Samteret al. 1961, Cauna et al. 1972, Bumsted et al. 1977, Sasakiet

al. 1986). If inhaled allergens react with specific IgE antibodies on the mastcells
within nasal polyps, more degranulation can be expected of the mast cells in the
superficial tissue than in the deep stroma. Ruhnoetal. (1990) demonstrated that
the number of mast cells in the epithelium of nasal polyps and the adjacent
mucosa was elevated compared to normal nasal epithelium but the increased
number did not depend upon an IgE-mediated allergy. These data suggest that
there are other mechanismsof mastcell activation besides IgE-mediated allergy.

The consequence of mast cell degranulation is initiation of a mast cell-
granulocyte-cytokine-cascade, in which mast cell derived cytokines contribute
to an influx of eosinophils which in turn provide additional cytokineactivities in
the progression of the inflammatory process and, thereby, to the possible
development of nasal polyps.

Neutrophils

Neutrophilic leukocytes are found in small numbers in nasal polyps. Because
neutrophils are especially associated with acute inflammatory processes and
nasal polyps are more associated with chronic inflammation, we will not

further discuss these cells.
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NASAL SECRETIONS

General aspects

The nasal secretions form a viscous layer, overlying the respiratory mucosa, in
which antigens can be trapped.

The secretory layer lining the mucosal surfaces in the respiratory tract
contains proteins such as lactoferrin which inhibit bacterial growth and slgA
(secretory immunoglobulin A) which protects the respiratory mucosa against
invasion of microorganisms by aggregation of microorganisms (Arnold etal.
1976). Antigens which are trapped in the mucous blanket are cleared by the
mucociliary transport system. The aforementioned mechanisms form the first
line of defense” in the respiratory mucosa.

When the antigen load on the mucous membraneis heavy and persistent,
or when the “first line of defense” is weak €.g. cystic fibrosis, primary ciliary
dyskinesia, IgA-deficiency), an influx of foreign material may occur.
Underneath the epithelium IgA- but also IgG- producing cells are found
(Nakashima & Hamashima 1980, Brandtzaeg 1985, Brandtzaeg & Bjerke 1989).
The local production of IgA and IgG in combination with exudation of serum
IgG and complement factors form the ”second line of defense” (Korsrud &
Brandtzaeg 1983).

Immunoglobulins in nasal polyps and nasal secretions

Immune and inflammatory reactions in the upper respiratory tract are reflected
in the presence of inflammatory cells in the nasal mucosa as well as in protein

and immunoglobulin composition of polyp fluid and nasal secretions.

In polyp fluid the concentrations of IgE, IgA, IgG and IgM are higher than
expected from passive filtration only, suggesting local production of these
immunoglobulins (Chandra & Abrol 1974, Waller et al. 1976).

Local production of IgE in the nasal mucosa and nasal polyps has been
suggested by several authors. Pulido et al. (1983) demonstrated an increase of
IgE in nasal secretions from subjects with bilateral polyps as compared to
healthy subjects. In the fluid of nasal polyps and in nasal secretions of patients
with nasal polyps a positive RAST was found, whereas these patients had
negative skin tests and a negative IgE serum RAST (Small et al. 1985, Jones et al.
1987). Although these data suggest local production of IgE in the nasal mucosa
and in nasal polyps, other authors demonstrated that mast cells can carry IgE
into the nasal secretion by accumulation of IgE antibodies on their surfaces and
migration into the epithelium in grass pollen allergic patients within the pollen
season (Enerbacket al. 1986, Ganzer & Bachert 1988). They concluded that there
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was nolocal IgE production in the nasal mucosa of these patients.

In nasal secretions of healthy individuals slgA is the major
immunoglobulin. It accounts for 50% of the total protein content and is
synthetized locally by plasma cells around the seromucous glands Johansson &
Deuschl 1976, Brandtzaeg 1983). IgA is linked with the secretory component
(SC) on the membrane ofthe glandular epithelial cells and sIgA is then actively
transported through the epithelium into the nasal secretions. Nakashimaet al.
(1980) found that the slgA secretory activity of glands in nasal mucosais well
retained in severe inflammation, whereas it is impaired in dilated glandular
ductules within nasal polyps.

The extremely high IgG and IgM concentrations in nasal secretions of
patients with nasal polyps are probably due to leakage of plasma proteins from
nasal polyp tissue (Donovan & Johansson 1970, Mygindet al. 1975, Biewengaet
al. 1991). Significant correlations between the concentrations of albumin and
IgA, and of albumin and IgG in nasal secretions of patients with chronic
sinusitis were found by Hamaguchi et al. (1982). These correlations may reflect
an increased transudation of serum protein at the inflammatorysite.

Although in several studies high concentrations of immunoglobulins are

found in nasal secretions of patients with nasal polyps,it is difficult to compare

these studies because of differences in methods of collection and parameters

analyzed.

TREATMENT OF NASAL POLYPS

General aspects

Nasal polyps are principally treated by surgery. However, the recurrence rate

after this type of treatment is high. Corticosteroids are regarded to to postpone

c.q. prevent recurrences of nasal polyps after surgical treatment (Virolianen &

Puhakka 1980, Karlsson & Rundcrantz 1982, Drettner et al. 1982, Dingsoret al.

1985, Hartwig et al. 1988, Lildholdt et al. 1991). Corticosteroids have anti-

inflammatory properties. They reduce vasopermeability, edema and the influx

of inflammatory cells in the respiratory mucosa (Lungren etal. 1988, Siegel

1988) and they inhibit the release of inflammatory mediators in the upper

respiratory tract (Pipkornet al. 1987).

Systemic corticosteroids can be usedas (initial) therapy for nasal polyps,

but the burst should be short because corticosteroids may cause a clinically

significant suppression of the pituitary-adrenal axis (Settipane 1987). Topical

corticosteroids can be used for years without any side-effects (Holopainen ey al.

1982, Lindqvist et al. 1986, Pipkorn etal. 1987). Injection of steroids in the nasal

turbinates and polyps is not advocated because it can result in visual loss,

ad

probably due to emboli in the retinal vessels (Mabry 1981).

Influence of corticosteroids on humoral and cellular immunity

In nasal secretions of patients with nasal polyps the concentrations of albumin,
IgG and IgE decrease during treatment with corticosteroids (Sorensen etal.
1976). Furthermore, corticosteroids inhibit the production and release of

interleukin 2 and interferon-gamma (IFN-y) from T lymphocytes (Schleimer et
al. 1988) and are capable of causing a redistribution of lymphocytes from the
circulation into other body compartiments (Fauci & Dale 1975). This effect is
greater on T than on B lymphocytes (Parrillo & Fauci 1979). Although the
aforementioned studies suggest a T cell dependent immune modulating effect of
corticosteroids, so far little attention has been payed to the influence of these
drugs on the local distribution of lymphocytes and their subsets in the upper
respiratory tract.

Patients with eosinophilic non-allergic rhinitis (ENR) and nasal polyps
respond well to topical steroid therapy (Mullarky 1988). Human eosinophils have
glucocorticoid receptors (Peterson et al. 1981), but in hypodense eosinophils the
expression of the corticosteroid receptors seems to be diminished (Prin 1989).
Corticosteroids diminish the chemotaxis and adherence of eosinophils (Winqvist
et al. 1984) and they may decrease the prolongation of survival of eosinophils,
possibly resulting in a shorter exposure of tissues to eosinophils. This could be
important in the control of eosinophilia associated diseases (Lamaset al. 1990,
Wallen et al. 1990). Topical corticosteroids may inhibit ECP release from
eosinophils because in patients with allergic rhinitis Bisgaard et al. (1990) found
a late occurring increase in the ECP concentration in nasal lavage fluid after
allergen provocation which could be completely inhibited by pretreatment with
budesonide. On the other hand, Andersson et al. (1989) did not found a
significant change in the levels of ECP in nasal lavages after treatment with
topical corticosteroids in patients with allergen-induced hyperresponsiveness.

Corticosteroids seem to inhibit proliferation of mucosal mast cells
(Schleimer et al. 1989). Although it is not sure if corticosteroids inhibit the
release of mediators from human mast cells, Bachelet et al. (1990) demonstrated

that in mast cells from guinea pigs lungs corticosteroids prevent mast cell
degranulation. Furthermore, corticosteroids inhibit the release of arachidonic
acid from membrane phospholipids (Vanderhoek et al. 1984). This may partly
explain the harmful effect of corticosteroids in the treatment of nasal
polyps. Finally, in vitro studies have demonstrated that corticosteroids inhibit
release of PAF from macrophages (Tonnel et al. 1986). This can be of
importance to reduce the infiltration and activation of eosinophils.

The aforementioned data demonstrate that corticosteroids can influence
inflammatory processes by inhibition of the production and release of
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mediators which induce local recruitment, proliferation and activation of
leukocytes. Moreover, corticosteroids probably inhibit activation of
inflammatory cells which are present locally. However, the precise mechanisms
whereby corticosteroids modulate the immune and inflammatory response
require further elucidation (Siegel 1988).

AIM OF THE STUDY

Inflammatory processes within the mucosa of the upper respiratory tract
probably play a role in the development of nasal polyps. Untill now little
attention has been paid to the distribution of inflammatory cells like
lymphocytes and their subsets, eosinophilic granulocytes and antigen presenting
cells in nasal polyps and in the (inflamed) nasal mucosa. Using monoclonal
antibodies, morphologically similar cells with different cell surface proteins can
be distinguished. By analysis of surface antigens, cells may also be characterized
according to the state of maturation and activation. With these techniques the
cell populations in the nasal mucosa and in nasal polyps were investigated. To
get a better insight into inflammatory processes in the upper respiratory tract
we investigated the distribution of immunologically active cells in biopsy
specimens of nasal polyps and the macroscopically unaffected nasal mucosa of

the middle and inferior turbinates from patients with nasal polyps and healthy
subjects. The histological findings were correlated with the clinical parameters
of the upper and lowerrespiratory tract Chapter 2 and 3).

Although corticosteroids may postpone c.g. prevent recurrences of nasal
polyps the precise mechanismsinvolved are incompletely understood. Therefore
we investigated cellular aspects of nasal polyps at the time of surgery andafter
follow-up periods of 6 months and 1 year, during which time the patients were
treated with topical steroids. Moreover, clinical parameters of the upper- and
lower respiratory tract were evaluated (Chapter 4). Further characterization of
eosinophilic granulocytesin nasal polyps and nasal mucosa was performed with
special emphasis on eosinophil activation (chapter 5).

Inflammatory reactions in the upper respiratory tract can be reflected in
protein and immunoglobulin composition of nasal secretions. However, studies
on the composition of nasal secretions in patients with nasal polyps are difficult
to compare because of differences in collecting methods of immunoglobulins.
Therefore, we developed a direct aspiration system which enabled us to measure
absolute concentrations of nasal secretion immunoglobulin levels. With this
system we collected secretions from healthy subjects and patients with nasal
polyps before and after surgery and treatment with topical steroids and analysed
them for total protein, albumin and immunoglobulins levels Chapter 6A and
6B).
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SUMMARY

Immunohistochemical stainings were performed on biopsy specimens of the
middle and inferior turbinates of the nasal mucosa of 14 patients with nasal
polyps and 16 healthy subjects. Significantly more CD8+ (T
suppressor/cytotoxic) cells than CD4+ (T helper/inducer) cells were found in
the lamina propria of the middle and inferior turbinates of patients with nasal

polyps and in the inferior turbinates of healthy persons. The middle and inferior
turbinates of healthy persons contained significantly more CD4+ cells than the
middle and inferior turbinates of patients with nasal polyps. CD19+ B cells were
hardly detected in the patients and healthy subjects. More HLA-DR+cells were
found in the middle than in the inferior turbinates, especially in the patients.
Varying but small numbers of eosinophils, neutrophils, mastcells and plasma
cells were found in patients and healthy subjects. The possible role of CD4+
CD8+ and HLA-DR+cells in the nasal mucosa is discussed with regard to the
pathogenesis of nasal polyps.
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INTRODUCTION

The etiology and pathogenesis of nasal polyps are poorly understood.
Inflammation probably plays an important role. In the inflamed nasal mucosa
infiltration of lymphocytes is one of the characteristic findings (Nishimoto etal.
1988). Lymphocytes and their subsets are regulatory and effector cells in the
complex process of the inflammatory response (Ernst et al. 1987). The study of
these cells in the nasal mucosa may, therefore, provide information as to the
development of nasal polyps.

Most studies on the occurrence of lymphocytes in the upper respiratory
tract concern the tonsils (Brandtzaeg, 1984). Recently, Winther et al. (1987)
described the lymphocyte distribution in the inferior turbinate of the normal
human nasal mucosa, as studied by immunohistochemistry. Likewise,
Nishimoto et al. (1988) reported on the distribution of lymphocytes and their
subsets in the maxillary mucosa of patients with chronic sinusitis.

To our knowledge there is no study on the distribution of lymphocytes and
their subsets in both the middle and inferior turbinates of patients with nasal
polyps and of healthy subjects. With the availability of monoclonal antibodies
against a variety of leukocyte determinants,it is possible to recognize lymphoid
and non-lymphoid cell types (Shaw 1987, Zola 1987).

The aim of this study was to compare lymphoid and nonlymphoid cell
populations in the middle and inferior turbinates of patients with nasal polyps
and of healthy subjects by immunohistochemistry.

MATERIALS and METHODS

Patients and healthy persons

In this study 14 patients @ged 15-77 years, mean age: 39 years) who were
operated upon for nasal polyps and 16 healthy subjects (aged 17-50 years, mean
age: 28 years) who underwent an osteotomy for cosmetic reasons or
malocclusion (Department of Maxillo-Facial Surgery) were studied. Four of the
patients had an IgE-mediated allergy, i.e. positive skintests 6 2 mm, Phazet,
Farmacia) and serum IgE >100 IU/L (Table 1). None of the patients had an
aspirin intolerance or had used locally applied corticosteroids during at least 6
weeks before entering the study. The healthy subjects had no IgE-mediated
allergic rhinitis or other nasal complaints. They were nonsmokers, had a normal
preoperative ear, nose and throat examination and none of them had suffered
from a commoncold at least 6 weeks previous to the momentof biopsy taking.
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Table 1. Clinical data of the patients included in this study.

 

Patient Sex Age in IgE mediated Massive

 

years allergy polyposis

1 M 25 - * +

2 M Ay ws “

3 M 48 + +

4 Mi 59 + -

5 M77 <2 +
6 F 46 - i

7 F ho + +

8 M 38 + +

9 F 15 - +

10 F 2y - -

11 M 4O - s

12 F 18 - -

13 F 4g = -

14 M 25 = t

M=8
F=6 4/14 7/14=+
 

(* infiltration of eosinophils in the middle turbinate})

Tissues

The biopsy specimens were taken from the lateral part of the middle turbinate,
not from polypous tissue, and from the inferior turbinate, about 1.5 cm behind
the anterior part. They were immediately embedded in ornithine
carbamyltransferase tissue compound (Miles, Elkhart, Ind) and frozen in liquid
niterancan Lraven cammnilac ware otarod at -7NM wHtil nead
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Immune reagents

The mouse monoclonal antibodies against human leukocytes used in this study
are listed in table 2. The antibodies were appropriately diluted in 0.01 mol/L
phosphate buffered saline (PBS, pH 7.4), containing 0.5% bovine serum albumin
(BSA), and used in an indirect immunoperoxidase staining. The conjugate used
was horseradish peroxidase-labelled rabbit antimouse-Ig (Dakopatts, Glostrup,
Denmark). This was diluted 1:300 in PBS, containing 0.5% BSA and 1% normal
human serum.

Table 2. Mouse monoclonal antibodies against human leukocytes used in
this study.

 

 

antibody aunUrNeTueeE subtype specificity

anti-CD2 CLE IgGl all peripheral T cells, 90% of the

thymocytes

anti-CD4 Sanbio IgG2 helper/inducer T cells and

subpopulations of macrophages

anti-CD8 Sanbio IgG2 suppressor/cytotoxic T cells

anti-CD19 Dakopatts IgGl precursor and mature B cells {no

plasma cells)

anti-HLA-DR CLB IgGl cells of the monocyte lineage,

myeloblasts, promyelocytes and cells

of the B-lymphocyte lineage

 

1
CLB: Central Laboratory of the Netherlands Red Cross Blood Transfusion
Service, Amsterdam, The Netherlands.
Sanbio BV-biological products, Uden, The Netherlands.
Dakopatts, Glostrup, Denmark.

Staining procedures

Six to 8 pm thick cryostat sections were picked up on gelatin coated microscope
slides and allowed to dry overnight above silica gel. Sections were fixed in pure
acetone for 10 minutes and, if necessary treated with 0.228% HIO, for 45

seconds to inactivate endogenous peroxidase, and incubated with the appropriate
antibodies for lh at room temperature. After washing in PBS, the sections were
covered with the conjugate for 1 hpur at room temperature, washed again in
PRS. and stained for neroxidase activitv with %3.3-di-aminohenzidine-
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tetrahydrochloride (Sigma, St.Louis, Mo.) at a concentration of 0.5 mg/ml in
Tris-HCI buffer, pH 7.6, containing 0.03% H,O,. To enhance the staining of the
brown reaction product, slides were rinsed with, subsequently, distilled water and

0.9% NaCl, and incubated in 0.5% CuSO, in 0.9% NaCl for 10-15 min. at room

temperture. After rinsing in distilled water the sections were counterstained
with haematoxilin (3-10 seconds), dehydrated, and mounted in Entellan (Merck,
Darmstadt, Germany). Tonsil sections were used as positive controls. Controls
for nonspecific staining were incubated with 0.5% BSA in PBS or with the
second stage conjugate only. For routine histological examination standard
methylgreen-pyronin and haematoxilin-eosin stainings were performed.

Evaluation

All sections were examined with conventional light microscopy. The numberof
positively stained cells detected in the sections was expressed as 0, no positive
cells; 1, few positive cells; 2, moderate number of positive cells; 3, moderate

number of single and someclusters of positive cells; 4, many positive cells. To
avoid overestimation, each section was evaluated in lower and higher
magnifications (x100, x200, x400 oil immersion). Tissue sections damaged by
the procedure of biopsy taking or preparation and specimensof one patient with
too much endogenous peroxidase, other than from granulocytes, were excluded
from the study. The sections were coded and evaluated independently by two
investigators.

The data werestatistically analysed by meansof the twosided exact signed-
rank test or by the two sided exact Wilcoxon rank-sum test.

RESULTS

In the lamina propria most CD2+ T lymphocytes (pan-T) were located in the
subepithelium and around the glands. Evaluation of serial sections revealed that
the number of CD2+ cells was less than the combined numbers of CD4+ and
CD8-+cells. More CD8+ (T suppressor/cytotoxic) cells than CD4+ (T helper/
inducer) cells were found in the middle and inferior turbinates of patients and of
healthy subjects (Figs. 1 through 3). This predominance wassignificant (p <
0.05) in the middle and inferior turbinates of the patients and in the inferior
turbinate of healthy subjects. More CD8+ (p < 0.05) and CD4+ cells (not
significant) were found in the middle turbinates than in the inferior turbinates of
the patients. In the middle turbinates of the healthy subjects significantly more
CD4+ cells (p < 0.05) were found than in the middle turbinates of patients with

nasal polyps. The same wastrue for the inferior turbinates (Fig. 3). In healthy
subjects more CD4+ cells were found in the middle than in the inferior
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Fig. 1.

Quantification of CD24; CD44, CD8+ lymphocytes and HLA-Drt+ cells in the lamina propria
of the middle and inferior turbinates in 14 patients with nasal polyps. The bars represent the
mean values which are given above the bars.
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Fig. 2.

Quantification of CD24 CD44, CD8+ lymphocytes and HLA-Dr+ cells in the lamina propria
of the middle and inferior turbinates in 16 healthy persons. The bars represent the mean values
which are given above the bars.
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turbinates (p = 0.056).

In the epithelium of the middle and inferior turbinates more CD8+ than
CD4-+cells were detected in both groups, but their density in the epithelium
was muchlowerthan in the lamina propria. If the number of CD8+ and CD4+
cells in a specimen was high in the lamina propria, this was also observed in the
epithelium.

More HLA-DR+ cells were found in the lamina propria and epithelium
(also on epithelial cells) of the middle turbinates (Fig. 4) than in the inferior
turbinates in patients (p < 0.05) and in healthy subjects (not significant).

CD19+ B cells were hardly found in the middle and inferior turbinates in
both groups.

Fig. 3.

Cryostat sections of the
nasal mucosa (middle
turbinate) of patients
with nasal polyps,
stained for CD4 (T
helper/inducer) and CD8
(T suppressor/cytotoxic)
expression (x 200). More
CD8+ cells (@), scored as
2 than CD4+ cells (b),
scored as 1, were found.
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In healthy persons varying but small numbers of eosinophils were detected in
the lamina propria of the middle and inferior turbinates (scored as 0-1). Two of
the lamina propria specimens of the middle turbinate of the patients were
infiltrated with eosinophils (scored as 4), which were especially localized in the
subepithelium and around the glands. These two patients had no IgE-mediated
allergy. In the other patients eosinophils were scored as 0-1. Small numbers of
neutrophils, mastcells and plasmacells (scored as 0-1) were found in the middle
and inferior turbinates of patients and healthy subjects.

Fig. 4.

Cryostat sections of the
nasal mucosa of patients
with nasal polyps stained
for HLA-Dr (x200).
More HLA-Dr* cells,
scored as 4, were found
in the middle turbinate
(a) than in the inferior
turbinate (b), scored as 2.
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DISCUSSION

T lymphocytes and T cell factors play an important role in the regulation of the
immune response and may be involved in the development of nasal polyps.
Therefore, the nasal mucosa of patients with nasal polyps and of healthy
subjects was investigated for its cellular composition. In the biopsies specimens,
CD2+ (pan-T) cells occured in lower numbers than CD8+ and CD4+ T cells

together. This could be in accordance with the findings of Ernst et al. (1987)
who showed that intra-epithelial lymphocytes may lack the pan T cell marker,
whereas these cells carry the CD8 marker (Hameleersetal. 1989). In the lamina
propria of the middle and inferior turbinates of the patients and of the healthy
subjects, CD8+ (T suppressor/cytotoxic) cells predominated over CD4+ (T
helper/inducer) cells. However, Winther et al. (1987) found Leu-3+ (T helper/
inducer) cells to predominate over Leu-2+ (T suppressor/ cytotoxic) cells in the
lamina propria of the inferior turbinate in healthy subjects. Their relatively high
number of Leu-3+ cells may be due to the inclusion of CD4+ (Leu-3a)
macrophages (Humeet al. 1987) or to technical differences. In the present study
CD4+ cells with a macrophage-like morphology were excluded from the scores.
Ourresults are in accordance with those of Nishimoto et al. (1988) who found a
predominance of CD8+ cells over CD4+ cells in inflamed maxillary sinus
mucosa. Also in the previous study by Hameleerset al. (1989) on intra-epithelial
lymphocytes in the human nasal mucosa, a predominance of CD8+ cells over
CD4+ cells was found in patients with nasal complaints, including some with an
IgE-mediated hypersensitivity, and in healthy subjects.

The nasal mucosa is continuously exposed to antigenic and irritating
agents. It is possible that CD8+ (T suppressor/cytotoxic) cells in the nasal
mucosa are beneficial because of their suppressive effect on the induction of
local inflammatory responses. The predominance of CD8+ over CD4+ cells in
the middle and inferior turbinates, in patients and in healthy subjects, could be
an expression of this suppressive benefit.

In patients and healthy subjects more CD4+ cells were detected in the
middle turbinates than in the inferior turbinates. Furthermore, in healthy
subjects, more CD4+ cells were detected in the middle and inferior turbinates
compared with the numbers foundin patients (Fig. 1 and 2). As a consequence
of the relatively low number of CD4+ cells in the nasal mucosa of the patients
an insufficiant humoral, resulting in chronic inflammation and the formation of
nasal polyps immuneresponse could occur.

Although CD4+ and CD8+ cells were considered to have a helper and
suppressor function, respectively, recent studies by Takada & Engleman (1987)
and Schrezenmeier & Fleischer (1988) showed that CD4 and CD8 molecules
have more complex regulatory functions. CD4+ T cells may exercise a
evtotoxic function (Rotteveel et al. 1988) and CD8+ T cells with evtotoxic or
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contrasuppressor activity have been described. The latter cells appear to play an
important role in the mucosal immuneresponse (Greenet al. 1982, Lehneretal.
1985, Lee et al. 1988). Further investigation of the functions of T cell subsets in
normal and inflamed nasal mucosais needed.

CD19+ B cells were hardly found in the middle and inferior turbinates in
patients and in healthy subjects. Few to moderate numbers of plasmacells were
detected in almost all specimens. These results are in accordance with the
suggestion by Korsrud and Brandtzaeg (1981) that B cells are initially stimulated
in the lymphoid tissue of the tonsils and migrate through lymph and blood into
the respiratory mucosa where they differentiate into plasmacells. Nishimoto et
al. (1988) found CD20+ cells in the lamina propria of chronically inflamed
maxillary sinus mucosa. The difference between their and our findings on B
cells may be explained by the fact that CD20 is a stronger marker than CD19;
moreover, CD20 is also found on dendritic cells (Zola 1987).

HLA-DR molecules can be found on macrophages (Hirschberg et al. 1976),
on activated T cells (Metzgeret al. 1979) and on epithelial cells (Selby et al. 1983,
Lindahl et al. 1985). They play an important role in the immune regulation,
since antigen is presented to T lymphocytes in combination with the HLA-DR
antigen. In this study, HLA-DR+ cells were found in the lamina propria and
epithelium (also on epithelial cells) in all specimens; most in the middle
turbinates of the patients, which suggests locally increased immunereactivity.It
should be remembered that nasal polyps originate from the ethmoid mucosa in
the vicinity of the middle turbinate. HLA-DR+ gut epithelial cells were
described to activate human CD8+ T cells (Mayer & Shlien 1987). The
appearance of HLA-DR+ and CD8-+cells, in combination with a lower density
of CD4+ cells, especially in the middle turbinate, could be of importance in the
pathogenesis of nasal polyps. These parameters will be further studied in
specimensof nasal polyps.

It is remarkable that, except in two patients, the number of eosinophils in
the middle and inferior turbinates are similar in the patients and in the healthy
subjects. This could be an indication that eosinophils are not a causal factor in
the pathogenesis of nasal polyps. An IgE-mediated allergy was found in four of
14 patients only, whereas the two patients with an eosinophilic infiltration in the
middle turbinate had no IgE-mediated allergy. These data indicate that an IgE-
vines allergy does not play a major role in the development of nasal polyps
either.
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SUMMARY

Immunohistochemical stainings were performed on polyp specimens of 48
patients and on mucosal biopsy specimensof the middle and inferior turbinates
of 23 and 28 patients, respectively. Significantly more CD8+ (suppressor/
cytotoxic) than CD4+ (helper/ inducer) cells were found in the polyps. The
number of CD24, CD4+ and CD8+ lymphocytes in nasal polyps were very
similar to the number in the macroscopically unaffected mucosa of the middle
turbinates, whereas scores in the inferior turbinates were lower. In healthy
subjects the differences of these lymphocytes were smaller. CD22+ B cells were
detected in varying numbers in the polyps in moreor less organized clusters.
Significantly more HLA-DR+ cells were found in polyps and middle turbinates
than in the inferior turbinates. Eosinophils were found in moderate to large
numbers in polyps of 77% of the patients. Mast cells and plasma cells were
detected in moderate numbers, whereas neutrophils were found in 35% of the

patients. In the middle and inferior turbinates varying but small numbers of
eosinophils, mast cells, plasma cells and neutrophils were found. In considering
these findings, the role of chronic inflammation with T cell dependent
disturbancesis discussed with regard to the pathogenesis of nasal polyps.

a3

INTRODUCTION

Inflammatory processes within the mucosa of the upper respiratory tract
probably play an important role in the etiology and pathogenesis of nasal polyps
(Slavin 1988).

Recent studies have indicated that some inflammatory diseases of the
human respiratory mucosa may be associated with T lymphocyte dependent

disturbances in peripheral blood (Drexhageet al. 1983, Knutsen et al. 1988) and
also locally in the maxillary sinus mucosa (Nishimoto et al. 1988). T and B
lymphocytes, which are regulatory and effector cells in the complex process of
inflammatory responses (Ernst et al. 1987), are found in the nasal mucosa
(Winther et al. 1987, Hameleerset al 1989, Stoop et al 1989). Also non-lymphoid
cells, such as HLA-DRt macrophages, could possibly play a role in
immunoregulation (Brandtzaeg 1984) by antigen uptake andits presentation to
T lymphocytes (Sertl et al. 1986). Moreover, HLA-DR+ epithelial cells, also
present in the nasal mucosa (Hameleers et al. 1989, Stoop et al. 1989), may
activate CD8+ T lymphocytes (Mayer & Shlien 1987). Granulocytes are involved
in inflammatory reactions as phagocytic cells. In addition, they release
inflammatory mediators from their granules and membrane-derived mediators
(Leukotriens and platelet activating factor). The cytoplasmic granules of
eosinophils contain strongly basic proteins, like major basic protein and
eosinophil cationic protein. There is evidence that these proteins can damage the
respiratory mucosa of the maxillary sinus (Harlin et al. 1988) and may cause the
loss of bronchialepithelial cells in patients with astma (Gleichet al. 1988).

In a previous study, we described the distribution of lymphoid and
nonlymphoid cells in the macroscopically unaffected mucosa of the middle and
inferior turbinates of patients with nasal polyps and of healthy subjects (Stoop et
al. 1989). The purpose of the present study was to compare the distribution of
lymphocyte subpopulations and non-lymphoid cells in nasal polyps with the
distribution in the macroscopically unaffected mucosa of the patients and
healthy subjects.

MATERIAL and METHODS

Patients

In this study 48 patients were included (aged 15-92; mean age: 45 years). From
these 48 patients polyp tissue was evaluated. From 23 of these patients biopsies
of macroscopically unaffected mucosa of the middle and inferior turbinates
were evaluated. From another five patients (in which the middle turbinate was
no longer present because of previous surgery) the inferior turbinate was
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evaluated. An IgE- mediated allergy for common inhalation antigens, that is,
positive skin tests diameter » 2 mm, Phazet, Pharmacia Diagnostics, Uppsala,

Sweden) and/ or RAST-class 2 2 ( 0.35 PRU/ ml), was present in 25% of the
patients. A chronic obstructive pulmonary disease (COPD,i.e. asthma/bronchitis
and/or emphysema) was present in 29%, whereas 10% of the patients had an [gE
mediated allergy and a COPD (‘Table 1). The clinical data of the patients, from
which biopsies of the middle and inferior turbinates were taken (Table 1),
demonstrate that the biopsy donors were representive of the whole group. The

healthy subjects (n= 16, aged 17-50; mean age: 28 years) have been described
previously (Stoop etal. 1989).

Table 1. Clinical data of the patients (n=48).

 

 

Polyp Eosinophil Middle Inferior
tissue score 22 in turbinate turbinate
{n=48) the polyps tissue (n=23}) tissue (n=28)

COPD 14/48 (29%) 93% 7/23 (30%) 8/28 (29%)

IgE-mediated 12/48 (25%) 92% 6/23 (26%) 6/28 (21%)
Allergy

COPD + 5/48 (10%) 100% 4/23 (17%) 4/28 (14%)
IgE-mediated
Allergy

No COPD or 27/48 (56%) 67% 14/23 (61%) 18/28 (64%)
IgE-mediated
Allergy

 

The percentages of patients concerned is given in parenthesis.
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Tissue preparation

The polyps andtissue biopsies were frozen in liquid nitrogen immediately after
resection. Frozen samples were stored at -700 until used. Cryostat sections of 6-8
pm were prepared (Stoop et al. 1989).

Immune reagents

The mouse monoclonalantibodies against human leukocytes used in this study
are listed in table 2. The antibodies were appropriately diluted in 0.01 mol/L PBS
(pH 7.4) containing 0.5% BSA, and used in an indirect immunoperoxidase
staining. The conjugate used was horseradish peroxidase-labelled rabbit
antimouse IgG (Dakopatts, Glostrup, Denmark). This was diluted 1:300 in PBS
containing 0.5% BSA and 1% normal human serum.

Table 2. Mouse monoclonal antibodies against human leukocytes used in

 

 

this study.

\
Antibody manufacturer subtype specificity

anti-CD2 CLB IgGl peripheral T cells, 90% of the

thymocytes

anti-CD4 Sanbio IgG2 helper/inducer T cells and

subpopulations of macrophages

anti-CD8 Sanbio IgG2 suppressor/cytotoxic T cells

anti-CD22 CLB IgGi B cells

anti-HLA-DR CLB IgGl cells of the monocyte lineage,

nyeloblasts, promyelocytes and cells

of the B-lymphocyte lineage

 

1

CLB: Central Laboratory of the Netherlands Red Cross Blood Transfusion
Service, Amsterdam, The Netherlands.

Sanbio BV-biclogical products, Uden, The Netherlands.
Dakopatts, Glostrup, Denmark.
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Staining procedures

The staining procedures were described previously (Stoop et al. 1989). In short:
Sections were fixed in pure aceton for 10 minutes, if necessary treated with
0.23% HIO4 for 45 seconds to inactivate endogenous peroxidase (Kelly et al.
1987) and incubated with the appropriate antibodies. The slides were
subsequently incubated with the conjugate and stained for peroxidase activity
with 3,3,-di-aminobenzidine-tetrahydrochloride (Sigma, St.Louis, Mo, USA).
The sections were washed between the incubations. Control sections were
incubated with 0.5% BSA in PBS and with the conjugate. Tonsil sections were
used as positive controls. For routine histological examinations standard
Methylgreen-Pyronin, May-Griinwald/Giemsa and Haematoxilin-Eosin
stainings were performed.

Evaluation

The sections were coded and evaluated independently by two persons with
conventional light microscopy at lower and higher magnifications (x100, x200,
x400 oil immersion). The numberof stained cells in the sections was expressed
as 0, no positive cells; 1, few positive cells; 2, moderate numberof positive cells;
3, moderate numberof single cells and some clusters of positive cells; 4, many
positive cells, including cell clusters. The scores on the cryostat sections were
related to cell density.

The data were statistically analysed by meansof the two sided exact signed-
rank test or by the two sided exact Wilcoxon rank-sum test.

RESULTS

General features

The cryostat sections showed that 35% of the polyps was mainly covered with a
pseudostratified (iliated) epithelium. Pseudostratified epithelium and stratified
squamous epithelium was found in 59%, whereas in 6% of the polyps only
stratified squamous epithelium was observed. Most polyps revealed an
interstitium composed of highly edematous connective tissue with hardly any
glands. In some polyps, cystic formations were observed in the stroma.

Lymphocytes and their subsets

CD2+ (pan T) lymphocytes were scattered throughout the stroma of the polyps
in moderate to larse numbers. althoaneh most lwmnhnevtes were detected in the
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subepithelium and around the glands. At both locations, small, more or less
organized, clusters of lymphocytes were observed (Fig. 1). A significant
predominance of CD8+ (suppressor/ cytotoxic) cells over CD4+ (helper/
inducer) cells was found (p< 0.05; Fig. 2 and 3). Few CD8+ and CD4+ cells were
found in the epithelium, in which again CD8+ cells outnumbered the CD4+
cells.

 

Fig. 1.

Cryostat sections of nasal polyps with a cluster (A,B) and a solitairy follicle (C,D) stained for
CD2+ (A, C) and CD22+ (B,D)cells. Original magnification x100.

The numbers of lymphocytes in nasal polyps were very similar to numbers in
the macroscopically unaffected mucosa of the middle turbinates, whereas scores
in the mucosa of the inferior turbinates of the patients were significantly lower
for CD8+ cells (p< 0.05) and lower for CD2+ and CD4+ cells (not significant;
Fig. 2 and 3). The middle and inferior turbinates of healthy subjects contained
significantly more CD4-+ cells than the middle and inferior turbinates of the
patients (p< 0.05).

CD19+ €arly B cell marker) cells were hardly found in the stroma of the
polyps, whereas CD22+ cells (wich is a stronger marker on mature B cells)
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NASAL POLYPS(n=48)}
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Fig. 3.

Cryostat sections of a nasal polyp stained for CD84, CD4+ and HLA-DR+cells. Original
magnification 200x. More CD8+ cells (A, scored as2, e.g. arrow head) than CD4+ cells (B,

    
MIDDLE TURBINATE (n=23)

oe dase be hes 4 scored as 1, arrows) are found. HLA-DR+ cells (C) were scored as 3.

30 were seen in small to moderate numbers (mean score 1.7). Thirteen polyps
Ba EP “age oF |" TREE 27 J contained large B cell clusters that resembled B cell follicles. One polyp

contained a solitary B cell follicle surrounded by T cells (Fig.l). Small and
varying numbers of CD22+ cells were detected in the middle and inferior

1.6 |" turbinates of the patients. Plasma cells were found in varying numbers in the
polyps andtissue biopsy specimens.

Fig. 2.

Quantification of CD2+, CD44,
CD8+ and HLA-DR+cells in

Nonlymphoid cells

 

emer the stromaof the nasal polyps Moderate to large numbers of HLA-DR+ cells were found in the epithelium andR TURBINATE (n=28) and the middle and inferior submucosa of the nasal polyps and in the mucosa of the middle turbinates.
eeons ae HLA-DR+ cells scored significantly lower in the mucosa of the inferior

4 4 4 4 Absteaetclaa turbinates of the patients (p< 0.05; Fig. 2). The HLA-DR antigen was present on
most epithelial cells and on part of the lymphocytes (B-lymphocytes and
activated T cells) and nonlymphoidcells €.g., activated macrophages).

Eosinophils were found in moderate to large numbers (score =2) in 77%of
23 5 the polyps (Fig. 4). They were generally localized in the subepithelium and

itis “| sents Et) la. a around the vessels and glands. Small clusters of eosinophils were seen at these
a locations. Eosinophils were scored 22 in 92% of the sections of patients with an

11 IgE-mediated allergy and in 93% of the patients with COPD. In patients withoutties Sense shee A an IgE mediated allergy or COPD eosinophils were scored 22 in 67% (Table 1).     
CD2 CD8 CD4 HLA-DA
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Neutrophils were scarce in polyp tissue; they were found in 35% of the
patients only. Mast cells were found in small to moderate numbersin all polyps
(Fig.4).

NASAL POLYPS (n=48)}a

28 2.2 Fig. 4.

Qauntification of eosinophils, mast cells,
neutrophils and plasmacells. The bars
represent the mean values thatare listed
above the bars.

 

Eosinophils Mastcells Neutrophils Plasma calis

DISCUSSION

Infection and IgE-mediated allergy are thought to play a role in the pathogenesis
of nasal polyps (Wilson 1976). However, in patients with a proved IgE-mediated

allergy, nasal polyps are not more frequent than in patients without an IgE-
mediated allergy (Caplin et al. 1971, Sakaguchi 1986). In this study, 25% of the
patients had an IgE-mediated allergy. Recently Drake-Lee et al. (1988) reported
that mast cells are more frequent in the submucosa than in the epithelium of
nasal polyps, which also indicates that an IgE-mediated degranulation of mast
cells is at least doubtfull as a causal factor. Presently, the role of infection and the
subsequent inflammatory response, including release of cell mediators, is seen
as the most likely cause (Slavin 1988). Therefore, the distribution of cells which
participate in the inflammatory response was studied.

The similarity between the scores on the middle and inferior turbinates in
our previous study (Stoop et al. 1989) and in the present study shows that the
scoring method isreliable.

Significantly more CD8+ (suppressor/ cytotoxic) than CD4+ (helper/
inducer) cells were found especially in the polyps and the unaffected mucosa of
the middle turbinates of the patients. It is possible that the high number of
CD8-+cells could be beneficial because of their suppressive and downregulating
effect on the Chronic) local inflammatory response, although the precise role of
these cells is still a matter of controversy (Takada & Engleman 1987,
Schrezenmeier & Fleischer 1988).

The relatively low number of CD4+ cells in polyps and in the unaffected
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middle turbinates of the patients, in combination with the high number of
CD8+ cells in these tissues, could perhaps indirectly result in a less sufficient
humoral immune response but is certainly evidence of a altered (T) cell
mediated immune defence. The fact that significantly more CD4+ cells are
found in healthy subjects than in patients with nasal polyps (Stoop et al.
1989)emphasizes this hypothesis.

Nasal polyps originate from the mucosa of the ethmoid and the middle
turbinate only. In this respect it is interesting to note that the numbers of T
lymphocytes in the polyps and in the macroscopically unaffected mucosa of the
middle turbinates of the patients are very similar (Fig. 2). In addition, the
difference between the polyps/ middle turbinates and the inferior turbinates of
the patients and the difference between the polyps/ middle turbinates of the
patients and the middle turbinates of the healthy subjects (Stoopet al. 1989), are
an indication that the formation of nasal polyps is associated with local T cell
dependent disturbances.

Polyp specimens of 13 patients contained clusters of B cells, and in one
polyp, even a solitary follicle was observed. Such B cell structures have not been
described in polyps previously and are indicative of a chronic inflammatory
process.

This finding is in agreement with the abundant presence of HLA-DR+cells
in the stroma of nasal polyps and in the mucosa of the macroscopically
unaffected middle turbinates, as well as in the epithelium of these tissues. HLA-
DR+ cells possibly play a role in uptake and presentation of antigens. HLA-DR+
epithelial cells may also activate CD8+ cells, as shown by Mayer & Shlien
(1987), although this study was performed on gut epithelial cells. This could
suppress the chronic inflammatory reaction in the polyps and middle turbinates
of the patients.

Mastcells, which were seen in almost all cryostat sections, release factors
like eosinophil chemotactic factor of anaphylaxis and arachidonic acid
metabolites. Indeed, Smith (1987) found that the 15-lipoxygenase activity of the
arachidonic acid pathway is, at average, 30 times higher in nasal polyps than in
normal nasal mucosa and in chronically inflamed sinus mucosa. In addition,
eosinophil cemotactic factor is not only chemotactic but also induces activation
of eosinophils (Tamura et al. 1988). Neutrophils were detected in relatively small
numbers in the polyps of only 35% of the patients. Because neutrophils are
especially associated with acute inflammatory reactions, this finding also
indicates that nasal polyps are associated with chronic inflammatory processes.

The moderate to high infiltration of eosinophils (scores 22) in 77% of the
nasal polyps is indicative of a chronic inflammation and is in accordance with
the high prevalence of nasal polyps in patients with eosinophilic non-allergic
rhinitis (nares, Mullarky 1988). Eosinophils and their mediators can damage the
respiratory epithelium of the paranasal sinuses as shown by Harlin et al. (1988).
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The sameauthors describe a significant association of sinus mucosa eosinophilia
and asthma. De Monchyetal. (1985) found that eosinophils and their mediators
are involved in the late asthmatic reaction. Moreover, eosinophils and their
products may cause the loss of bronchial epithelial cells in asthmatic patients
(Gleich et al. 1988). In the present study 13 of 14 patients with COPD had an

eosinophil score = 2 in their polyps. In the pathogenesis of COPD and nasal
polyps, the local infiltration of eosinophils is probably caused by a common
factor. Eosinophils were often found at the same sites as the lymphocytes. Data
from in vivo (Keidan et al. 1985) and in vitro studies suggest that eosinopoetic
factors are produced by the CD8+ cells (Chikkappa & Philips 1984) and CD4+

cells (Hirashimaetal. 1986).

In conclusion, the data presented support the theory that the pathogenesis
of nasal polyps is associated with chronic inflammation and T cell-dependent
disturbances in specific sites of the (para)nasal mucosa.

References

Brandtzaeg P Immunefunctions of human nasal mucosa and tonsils in health and disease. In:
Bienenstock J, Ed. Immunology of the lung and upper respiratory tract. New York:
McGraw-Hill International, 1984: 28-95.

Caplin I, Haynes JT; Spahn J. Are polyps an allergic phenomenon? Ann Allergy 1971; 29:
631-34.

Chikkappa G, Philips PG. Regulation of normal human blood neutrophilic, macrophagic and
eosinophilic committed stem cells proliferation by autologous blood T lymphocytes
subsets. Blood 1984; 63: 356-61.

Drake Lee AB, Chevreton E, Lowe D, The effect of different fixations on the distribution and
numbers of mast cells in patients with nasal polyps. J Laryngol Otology 1988; 102:
1099-1101.

Drexhage HA, v d Plassche EM, Kokje M, Leezenberg HA. Abnormalities in cell mediated
immune functions to haemophilus influenzae in chronic purulent infections of the
upper respiratory tract. Clin Immunol Immunopath 1983; 28: 218-28.

Ernst PB, Underdown BJ, Bienenstock J. Immunity in mucosaltissues. In: Stites DP Stobo JD,
Wells JV, eds. Basic and clinical immunology. Norwalk: Appleton and Lange, 1987:
159-66.

Gleich GJ, Flavahan NA,Fujisawa T, Vanhoutte PM. The eosinophil as a mediator of damage to
respiratory epithelium: A model for bronchial hyperreactivity. J Allergy Clin
Immunlog 1988; 81/5 1: 776-81.

Hameleers DMH, Stoop AE, van der Ven , Biewenga J, van der Baan S, Sminia T. Intra-
epithelial lymphocytes and non-lymphoid cells in the human nasal mucosa. Int
Archs Allergy Appl Immunol 1989; 88: 317-22.

Harlin SL, Ansel DG, Lane SR, Myers J, Kephart GM, Gleich GJ. A clinical and pathologic
study of chronic sinusites: The role of the eosinophil. J Allergy Clin Immunol 1988;
81: 867-75.

63

Hirashima M,Sakata K, Tashiro K, Ohmori J, lyama K, Tsuda H, Nagai T, Hiraoka T, Kimura
T. Spontaneous production of eosinophil chemotactic factors by T lymphocytes from
patients with subcutaneous angeoblastic lymphoid hyperplasia with eosinophilia. Clin
Imm Immunopathol 1986; 39(2): 231-41.

Keidan AJ, Catovsky D, Tavares De Castro J. Hypereosinophilic syndrome preceding T cell
lymphoblastic lymphoma. Clin Lab Hematol 1984; 7: 83-88.

Kelly J, Whelan CA, Weir DG, Feighery C. Removal of endogenous peroxidase from cryostat
sections for immunoperoxidase visualisation of monoclonal antibodies. J Immunol
Methods 1987; 96: 127-32.

Knutsen AB Slavin RG, Roodman ST, Mueller KR, Marino NL. Decreased T helper cell
function in patients with cystic fibrosis. Int Arch Allergy Appl Immunol 1988; 85:
208-12.

MayerL, Shlien R. Evidencefor function of Ia molecules on gut epithelial cells in man. J Exp
Med 1987; 166: 1471-83.

Monchy de JGR, Kauffman HF Venge BR Koéter GH, Jansen HM, Sluiter HJ, Vries de K.
Bronchoalveolair eosinophilia during allergen-induced late astmatic reactions. Am
Rev Respir Dis 1985; 131: 373-76.

Mullarkey ME Eosinophilic nonallergic rhinitis. J Allergy Clin Immunol 1988; 82: 941-49.
Nishimoto K, Ukai K, Harada T, Chun Shun J, Sakakura Y. Lymphocyte subsets of maxillary

mucosa in chronic inflammation. Acta Otolaryngol (Stockh) 1988; 106: 291-98.
Sakaguchi K. Study of nasal surface basophilic cells in patients with nasal polyps. Acta

Otolaryng (Stockh) 1986; Suppl 430: 28-33.

Schrezenmeier H, Fleischer B. A regulatory role for the CD4 and CD8 molecules in T cell
activation. J Immunol 1988; 141: 398-403.

Sertl K, Takemura T, Tschachler E, Ferrans V, Kaliner M, Shevach E. Dendritic cells with
antigen-presenting capability reside in airway epithelium, lung parenchyma and
visceral pleura. J Exp Med 1986; 163: 436-51.

Slavin RG.Sinusitis in adults and its relation to allergic rhinitis, asthma and nasal polyps. J
Allergy Clin Immunol 1988; 82: 950-56.

Smith DM. Comparison of arachidonic acid metabolism in nasal polyps and eosinophils. Int
Arch Allergy Appl Immunol 1987; 82: 83-88.

Stoop AE, Hameleers DMH,van Run PEM, BiewengaJ, van der Baan S. Lymphocytes and non-
lymphoid cells in the nasal mucosaof patients with nasal polyps and of healthy
persons. J Allergy Clin Immunol 1989; 84: 734-41. Takada S, Engleman EG. Evidence
for an association between CD8 molecules and the T cell receptor complex on
cytotoxic T cells. J Immunol 1987; 139: 3231-35.

Tamura N, Agrawal DK, Townley RG. Leukotriene C4 production from humaneosinophils in
vitro. Role of eosinophil chemotactic factors on eosinphil activation. J Immunol 1988;
141(12): 4291-97.

Wilson JA. Nasal polyps. Clin Otolaryngol 1976; 1: 4-6.

Winther B, Innes DJ, Mills SE, Mygind N, Zito D, Hayden FG. Lymphocyte subsets in normal
airway mucosa of the human nose. Arch Otolaryngol Head and Neck Surg 1987; 113:
59-62.



Chapter 4

CLINICAL ASPECTS AND DISTRIBUTION OF
IMMUNOLOGICALLY ACTIVE CELLS

IN THE NASAL MUCOSA OF PATIENTS WITH
NASAL POLYPS AFTER ENDOSCOPIC SINUS SURGERY

AND TREATMENT WITH TOPICAL STEROIDS

Anton E. Stoop MD, Harry A.M_D. van der Heijden, Jeike Biewenga PhD,
S. van der Baan MD, PhD.

(European Archives of Oto-Rhino-Laryngology, in press)



66

SUMMARY

Clinical parameters of 72 patients who were operated upon for nasal polyps
were evaluated as well as biopsy specimens of the mucosa of the middle and
inferior turbinates of 41 of these patients. Biopsies were taken at the time of
endoscopic sinus surgery (ESS), after 6 months and in 23 of these patients after

1 year. During the follow-up period the patients were treated with topical
corticosteroids (budesonide). At time of ESS significantly more CD8+
(suppressor/cytotoxic) cells than CD4+ (helper/inducer) cells were found in the
middle and inferior turbinates. At 6 months significantly more CD4+ cells were
found than at time of ESS, whereas at 1 year the number of CD4+ cells had
decreased and was lower than at 6 months. These data support the theory that
the occurrence of nasal polyps is associated with T cell dependent disturbances.
Clinical evaluation revealed that most of the patients with chronic airway
obstruction (CAO) had a better lungfuntion or used less lungmedication
postoperatively. It is concluded that ESS combined with topical corticosteroids
has a positive effect on the pathology in the upper and lowerrespiratory tract.
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INTRODUCTION

The development of nasal polyps is related to inflammatory reactions in the
nasal mucosa, although the exact etiology and pathogenesis are still elusive.
Nasal polyps reccur frequently after surgery. Topical corticosteriods are
considered to postpone c.q. prevent recurrences (Virolainen & Puhakka 1980,
Drettner et al. 1982, Karlsson & Rundcrantz 1982, Dingsor et al. 1985, Hartwig

et al. 1988) although the precise mechanisms involved remain incompletely
understood (Siegel 1988).

T and B lymphocytes are regulatory and effector cells in the complex
process of inflammatory responses (Ernst et al. 1987). These cells are found in
the normal and inflamed nasal mucosaof patients with nasal polyps and healthy
controls (Nishimoto et al. 1988, Stoop et al. 1989, 1991). Local changes in T cell
numbers possibly result in an altered (T) cell mediated immune defence and
maybe related to the formation of nasal polyps. Also nonlymphoid cells, such
as HLA-DR+ cells, possibly play a role in immunoregulation by antigen uptake
and its presentation to lymphoid cells (Sertl et al. 1986).

The purpose of this study was to compare the distribution of lymphocytes
and non-lymphoid cells in the macroscopically unaffected mucosa of the middle
and inferior turbinates of patients with nasal polyps at time of endoscopic sinus
surgery (ESS), after 6 months and 1 year. During the follow-up period the
patients were treated with topical corticosteroids. Moreover, clinical parameters
of the patients were evaluated.

MATERIAL and METHODS

Patients

In this study 72 patients (age 16-72 years; mean age, 44 years) who were
operated upon for nasal polyps were clinically evaluated. From 41 of these
patients biopsies were taken of the macroscopically unaffected mucosa of the
middle and inferior turbinates at the time of endoscopic sinus surgery (ESS) and
after 6 months. From 23 patients biopsies were also taken after 1 year. The
clinical data (i.e. presence of chronic airway obstruction {CAO} and/ or an IgE-
mediated allergy, extensive polyposis and recurrencerate) of the biopsy donors
were representive for the whole group (Table 1). During the follow-up period all
patients were treated with topical corticosteroids (budesonide 400 pg daily).
Because the beneficial effect of corticosteroids in the treatment for nasal polyps
is generally acknowledged, it was considered not ethical to study a control group
not using topical corticosteroids. Extensive polyposis was seen in 44%of the
patients. An IgE-mediated allergy for commoninhalation allergens, i.e. positive
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Table 1. Clinical data of the patients included in this study.

 

Clinical data Recurrence rate Recurrence rate
at the time after 6 months after 1 year
of ESS

 

Patients: n= 72. 36/72 (50%) 40/72 (56%)

Subgroups:
Patients with:

cao 32 (44%) 16/32 (50%) 20/32 (63%)

IgE-mediated 20 (28%) 8/20 (40%) 13/20 (65%)
Allergy

CAO + 13 (18%) 6/13 (46%) 8/13 (62%)
IgE-mediated

Allergy

Extensive 32 (44%) 19/32 (59%) 22/32 (69%)
Polyposis

Extensive 11 (15%) 7/11 (64%) 9/11 (82%)
Polyposis +

IgE-mediated

Allergy

Extensive 17 (24%) 10/17 (59%) 11/17 (65%)
Polyposis +
CAO

Extensive 9 (13%) 5/9 (56%) 7/9 (78%)
Polyposis +

CAO +
IgE-mediated
Allergy

No CAO, No 19 (26%) 9/19 (47%) 13/19 (68%)
IgE-mediated
Allergy

No extensive
polyposis

 

skintests @iameter » 2 mm, Phazet, Pharmacia Diagnostics Uppsala, Sweden)

and/ or RAST class »2 (0.35 PRU/ ml) was present in 28% of the patients. A

chronic airway obstruction (CAO, ie. asthma/ bronchitis and/or emphysema)

was present in 44%, whereas 18% of the patients had an IgE mediated allergy

and a CAO (Table 1). A lungfunction test was performed preoperatively and at 6

months on all the patients with CAO. On 20 of the CAO patients another

lungfunction test was performedafter 1 year. An aselective group of 19 patients

without CAO underwent a lungfunctiontest at the time of ESS and at 6 months.
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Ten of these patients underwent a lungfunctiontest at 1 year.

Tissue preparation and [mmunereagents

Cryostat sections of 6-8 pm were prepared, incubated with mouse monoclonal
antibodies (MAB) and stained as described previously (Stoop et al. 1991). The
MAB against human leukocyte antigens used in this study are listed in table 2.
Tonsil sections were used as positive controls. For routine histologic examination
hematoxilin-eosin and toluidine blue stainings were performed.

Evaluation

The sections were evaluated with conventional light microscopy (100x, 200x,
400x oil immersion). The numberof stained cells in the sections was expressed
as 0: no positive cells, 1: few positive cells, 2: moderate numberof positive cells,
3: moderate numberofsingle cells and some clusters of positive cells, 4: many
positive cells, including cell clusters. The scores on the cryostat sections were
related to cell density and statistically analysed (exact Wilcoxon's signed rank
test and Fisher’s exacttest).

Table 2. Mouse monoclonal antibodies against human leukocytes used in

 

 

this study.

1

antibody manufacturer subtype specificity

anti-CD2 CLB TgGl all peripheral T cells, 90% of the

thymocytes

anti-CD4 Sanbio IgG2 helper/inducer T cells and

subpopulations of macrophages

anti-CD8 Sanbio IgG2 suppressor/cytotoxic T cells

anti-CD19 Dakopatts IgG1 precursor and mature B cells (no

plasma cells)

anti-CD22 CLB IgGi B cells

anti-HLA-DR CLB IgGi cells of the monocyte lineage,

myeloblasts, promyelocytes and cells

of the B-lymphocyte lineage

 

1

CLB: Central Laboratory of the Netherlands Red Cross Blood Transfusion
Service, Amsterdam, The Netherlands.
Sanbio BV-biological products, Uden, The Netherlands.
Dakopatts, Glostrup, Denmark.
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RESULTS

Lymphocytes and nonlymphoid cells

CD2+ (pan T) lymphocytes were found in moderate to large numbers in the
lamina propria of the middle and inferior turbinates. At time of ESS a
significant predominance of CD8+ (suppressor/cytotoxic) cells over CD4+
(helper/inducer) cells was found (p< 0.01) in the mucosa of the middle and
inferior turbinates of the patients (Fig. 1). Moreover, higher scores of CD4+ and
CD8+ cells were found in the middle than in the inferior turbinates. At 6
months significantly more CD4+ cells (p< 0.01) were found in the
macroscopically unaffected mucosa of the middle and inferior turbinates than at
time of ESS (Fig. 1,2). At 1 year more CD4+ cells were found in the middle and
inferior turbinates than at the time of ESS (n.s.), but less than at 6 months (n.s.).
No correlations were found between scores of CD4+ cells and a recurrence of

nasal polyps, or between ratios of CD4+:CD8+ cells and a recurrence at 6
months and 1 year.

In the epithelium of the middle and inferior turbinates the ratios of CD4+
and CD8+ lymphocytes were the sameas in the subepithelial stroma, but the
densities of CD4+ and CD8+ cells were much lowerin the epithelium than in
the lamina propria.

CD22+ cells (B cells) and plasma cells were seen in small to moderate

numbers in the lamina propria of the middle and inferior turbinates at time of
ESS. No differences in number of CD22+ cells could be detected between
biopsies taken at the time of ESS, at 6 monthsor 1 year.

Moderate to large numbers of HLA-DR+cells were found in the epithelium
and lamina propria of the middle turbinates whereas numbersin the inferior

turbinates were significantly lower (p< 0.01). The HLA-DRantigen was present
on part of the epithelial cells, lymphocytes and non-lymphoid cells. After 6
months and | year of treatment no significant changes in scores of HLA-DR+
cells were found.

Varying but small numbers of eosinophils and neutrophils were found in
the middle and inferior turbinates at time of ESS, at 6 months and 1 year. No
relationship was found between the numbers of eosinophils and recurrence rate
of nasal polyps in the group of 41 patients.

Mast cells were found in varying numbers in the middle and inferior
turbinates. No differences were detected between the time of ESS, 6 months
and 1 year thereafter.
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Fig 1.

Quantification of CD24, CD44, CD&+ and HLA-DR+ cells in the lamina propria of

the middle and inferior turbinates at the time of ESS and at 6 and 12 months. The

histograms represent the mean valuesofthe scores. Significant differences (p < 0.01)

between scores are indicated by.*No standard deviations are given because biopsies

of single patients were compared at different moments.



 

Fig 2.
Cryostat sections of CD4+from a patient taken at the time of ESS and at 6 months Original
magnification x 200) showing less CD4+ (T helper/inducer) cells in the lamina propria of the
middle turbinate at the time of ESS (A, scored as 1, arrows) than at 6 months (B, scored as 2).

Clinical features

The clinical data of the patients are given in table 1. Only in patients with
extensive polyposis in combination with an IgE-mediated allergy a significantly
(p= 0.05) higher recurrence rate was found at 1 year as compared to the
restgroup.

Most of the patients (63%) with CAO had a better postoperative
lungfuntion (increase of Forced Expiratory Volume {1 second) » 10%) and/or
used less lungmedication after 6 months (Table 3). In contrast, in 84% of the
patients without CAO no change of lungfunction was found at 6 months,
Significant differences (p< 0.05) in recurrence rates at 6 months were found
between patients with a better lungfunction or using less lungmedication (25%
recurrence) and patients with a deteriorated lungfunction (100% recurrence,
Table 3). The aforementioned two groups showed no significant differences in
recurrencerate at 1 year.
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Table 3. Follow-up of the patients on which lungfunction tests were
performed pre-peratively and after 6 months and 1 year.

 

Patients with CAO Patiets without CAO

 

 

 

6 Months 1 Year 6 Months 1 Year
Lungfunction: (n=32) (n=20) (n=19) (n=10}

Improved:

Better lungfunction 20 (63%) 5 (25%) 2 (11%) 0
(and/ or less lung-
medication)

{recurrence rate} 5/20 (25%). 2/5 (40%) 1/2 (50%) 0

No change of lung- 7 (22%) 11 (55%) 16 (84%) 9 (90%)
function (and
medication)

{recurrence rate} 3/7 (43%) 7/11 (64%) 9/16 (56%) 6/9 (67%)

Deteriorated:
Decrease of 5 (16%) 4 (20%) 1 (5%) 1 (10%)
lungfunction

{recurrence rate} 5/5 (100%) 4/4 (100%) 1/1 (100%) 1/1 (100%)

 

A significant difference (p < 0.05) was found between these

subgroups.

DISCUSSION

Although corticosteroids may cause a redistribution of lymphocytes (Fauci &
Dale 1975), so far little attention has been payed to the influence of these drugs
on the distribution of lymphocytes and their subsets in the upper respiratory
tract. Therefore, we investigated the cellular distribution in the macroscopically
unaffected mucosa of the middle and inferior turbinates of patients with nasal
polyps at time of ESS and after follow-up periods of 6 months and 1 year,
during which time the patients were treated with topical corticosteroids.

The relatively low numbers of CD4+ (helper/inducer) cells in the middle
turbinates and nasal polyps (Stoop et al. 1991) at the time of ESS suggest a less
sufficient immune response against infectious agents, resulting in a chronic
inflammatory reaction. The increase in numbers of CD4+ cells during the 6
months after ESS, especially pronounced in the middle turbinates, could result
in a more effective immune response in the nasal mucosa. At 6 months the



74

sameratios of CD4+: CD8+ cells were found in healthy subjects (Stoop et al.
1989). Inflammatory responses may become more adequate and consequently a
recurrence of nasal polyps may be prevented or postponed. However, less CD4+

cells were found at 1 year than at 6 months. No correlation could be found
between scores of CD4+ cells and recurrence rate at 6 months and 1 year. These
data suggest that, although there seems to be an association between the
numbers of CD4+ lymphocytes and the presence of nasal polyps, the
pathogenesis of nasal polyps is more complex. Also, in the literature the

functional role of CD4+ and CD8+ cells remains controversy (Lehner etal.
1985, Leeet al. 1988, Rotteveel et al. 1988, Schrezenmeier & Fleischer 1988).

HLA-DR+ cells probably play a role in the uptake and presentation of
antigens. The abundant presence of HLA-DR+ cells, especially in the middle
turbinates, is an indication of an active inflammatory reaction in the vicinity of
the ethmoid complex where nasal polyps originate from. After ESS and
treatment with topical steroids, however, no significant changes in scores of

HLA-DR+ cells were detected. On the other hand, HLA-DR+cells may activate
CD8+ cells, as shown in gut (Mayer & Shlien 1987), and thereby suppress the

chronic inflammatory reaction, especially in the middle turbinates.

Clinical evaluation at 6 months and | year revealed a recurrence of nasal
polyps in 50%and 56%of the patients respectively (Table 1). These percentages
are slightly higher than those mentioned by Virolainen et al. (1980). Patients
with CAO had a recurrence rate of 50% and 56% at 6 months and 1 year,
respectively. This is in accordance with data from Vleming et al. (in press),
whereas Drake-Leeet al. (1984) diagnosed a recurrence rate for nasal polyps of

only 24.5%in patients with asthma. Only patients with extensive polyposis, in
combination with an IgE-mediated allergy, have a higher risk of a recurrence of
nasal polypsat 1 year (Table 1).

An association of nasal and paranasal sinus diseases with bronchial asthma
has been described (Slavin 1982, Racnelefsky et al. 1984, Mings et al. 1988)
Slavin et al. (1983) described a subjective improvement of the asthmatic state in
66% of patients from whom nasal polyps were surgically removed. Hosemann et
al. (1990) found an improvement in the lungfunction and/ or in the use of less
lungmedication in 77% of the patients with asthma: who underwent ESS for
chronic sinusitis. In our study a better postoperative lungfunction, or the use of
less medication was seen in 63% and 25%of the patients with CAO at 6 months
and 1 year, respectively (Table 3). Only 25% and 40% of these patients had a
recurrence of nasal polyps at 6 months and | year, respectively, whereas al] the
patients with a deteriorated lungfunction had a recurrence at 6 months and 1
year. These differences, which are significant at 6 months, are indicative of the
relationship between the upper and lower respiratory tracts and show that ESS
and the use of topical steroids in the upper respiratory tract have a beneficial
effect on the lower respiratory tract.
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In conclusion, the data presented show that the occurrence of nasal polyps

is probably associated with T cell dependent disturbances, as shown by the low

numbers of CD4+ cells in sites of the (para)nasal mucosa where nasal polyps

originate from. After ESS and treatment with topical corticosteroids the

numbers of CD4+ cells increase, at least initially. Furthermore, a positive effect

on the upper and lower respiratory tract is found after ESS and treatment with

topical corticosteroids.
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SUMMARY

Immunohistochemical stainings were performed on nasal polyps and biopsy
specimensof the macroscopically unaffected mucosa of the middle and inferior
turbinates of patients with nasal polyps at the time of endoscopic sinus surgery
(ESS), after 6 months, and after 1 year. During the follow-up period the 46
patients were treated with topical corticosteroids. At time of ESS significantly
more BMK134, EG1+ and EG2+ eosinophils were found in the polyps than in
the macroscopically unaffected mucosa of the middle and inferior turbinates of
the patients. Moreover, significantly more BMK13+ EG1+ and EG2+
eosinophils were found in the mucosa of the middle turbinates than in the
inferior turbinates of the patients. The inferior turbinates of the patients
contained similar numbers of BMK13+ and EG1+ eosinophils as the middle and
inferior turbinates of 10 healthy subjects, but no EG2+ eosinophils were
detected in the biopsies of the healthy subjects. Six months after ESS and
treatment with topical corticosteroids, recurrences of polyps and the
macroscopically unaffected mucosa of the middle and inferior turbinates of the
patients contained lower numbers of BMK13+4, EG1+ andespecially of EG2+
eosinophils than at time of ESS. After 1 year, slightly lower numbers of
BMK13+4, EG1+ and EG2+ eosinophils were found in recurrences of nasal
polyps than in recurrences after 6 months. No more significant differences in
scores were found between the macroscopically unaffected mucosa of the
middle and inferior turbinates and recurrences of nasal polyps after 1 year. The
reduction of eosinophil infiltration and activity in nasal polyps and nasal
mucosa after ESS and treatment with topical corticosteroids is probably of

_ importance to postponeor prevent recurrences of nasal polyps.
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INTRODUCTION

Nasal polyps originate from the respiratory mucosa of the ethmoid and middle
turbinate only. Chronic inflammation at these specific sites of the nasal mucosa

probably plays an importantrole in the development of nasal polyps (Stoopetal.
1989, 1991). Several inflammatory diseases of the respiratory mucosa, like
eosinophilic nonallergic rhinitis (ENR) and asthma, are associated with
increased numbers of eosinophilic leukocytes in tissues with or without blood
eosinophilia (Weller 1984). In nasal polyps a moderate to high infiltration of
eosinophils is found (Ogawa 1986, Stoop et al. 1989). In patients with an aspirin
intolerance and nasal polyps, a marked infiltration of the polyps with
eosinophils is always found (Ogino & Harada 1986).

On activation, eosinophils release inflammatory products from their
granules, e.g. major basic protein (MBP), eosinophilic cationic protein (ECP) and
eosinophil peroxidase (EPO), as well as leucotrienes andplatelet activating factor
(PAF). When released, these products damagethe respiratory epithelium of the
upper and lowerrespiratory tract (Gleich et al. 1988, Harlin et al. 1988).

Eosinophils exist in different densities: from normodense to hypodense.
Hypodense eosinophils are probably activated and more toxic. They contain
significantly less MBP and have smaller granula than normodense eosinophils
which may explain the hypodensity (Peters et al. 1988). Moreover, hypodense
eosinophils have a significantly greater chemotactic response to PAF (Fukuda &
Gleich 1989) and have a higher oxygen consumption than normodense
eosinophils (Wingqvist et al. 1982).

The treatment of nasal polyps, surgically and/or with medicins, forms a
dilemmabecause of the high recurrence rate. Several authors have demonstrated
that the use of topical corticosteroids may prevent or postpone a recurrence of
nasal polyps (Virolainen & Puhakka 1980, Drettner et al. 1982, Karlsson &
Rundcrantz 1982, Dingsor et al. 1985, Hartwig et al. 1988). Corticosteroids have
anti-inflammatory properties, they reduce the edema and the influx of
inflammatory cells in the respiratory mucosa (Lundgren et al. 1988, Siegel
1988). Human eosinophils have glucocorticoid receptors (Peterson et al. 1981).
Glucocorticosteroids may exert an inhibitory effect on eosinophil survival
(Lamaset al. 1990, Wallen et al. 1991), which results in a shorter exposition of
the mucosa to eosinophils and probably also in a reduction of numbers of
eosinophils in the tissues. The beneficial effect of corticosteroids may not be due
to a direct effect on eosinophil degranulation because no difference in inhibition
of degranulation by corticosteroids was found between normodense and
hypodense eosinophils (Kita et al. 1991).

The aim of this study was to investigate the effect of endoscopic sinus
surgery (ESS) and treatment with topical corticosteroids on the distribution of
activated and non-activated eosinophils in nasal polyps and the macroscopically
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unaffected mucosa of the middle and inferior turbinates of patients with nasal
polyps at the time of surgery, and after a follow-up period of 6 months and 1
year. For control the mucosa of the middle and inferior turbinates of 10 healthy
subjects was investigated.

MATERIAL and METHODS

Patients

Forty six patients @ge 15-74 years; mean age 44 years), who were operated upon
for nasal polyps, were evaluated. None of the patients used topical corticosteroids
preoperatively. A chronic airway obstruction (CAO, i.e. asthma/ bronchitis and/
or emphysema) was present in 46%of the patients, whereas an IgE-mediated
allergy for inhalation allergens,i.e. positive skin tests diameter > 2 mm, Phazet,
Pharmacia Diagnostics Uppsala, Sweden) and/ or RAST class » 2 (0.35 PRU/ ml)
was found in 35% of the patients. In 63% of the patients an elevated blood
eosinophil count was found (table 1).

Polyp tissue, taken at the time of ESS and after 6 months and 1 yearin case
of recurrences, was evaluated by light microscopy. From 16patients initial polyp
tissue was evaluated by electron microscopy. From 37 and 44 patients
respectively, biopsies of the macroscopically unaffected mucosa of the middle
and inferior turbinates were taken under endoscopic view at the time of ESS.

During the follow-up periodall patients were treated with topical corticosteroids
(budesonide 400 pg daily). Because the beneficial effect of corticosteroids in the
treatment for nasal polyps is generally acknowledged, we foundit not ethical to
study a control group without topical corticosteroid treatment. For clinical
follow-up the patients underwent a nose endoscopy 6 months and 1 year after
ESS. Twenty three patients (50%) developed a recurrence after 6 months. After a
follow-up period of 6 months biopsies of the macroscopically unaffected middle
and inferior turbinates were taken from 37 and 42 patients respectively. Two
patients did not accept another biopsy from the inferior turbinate.

After 1 year follow-up 28 patients could be evaluated. The rest of the initial
46 patients did not accept another biopsy or stopped the treatment with topical
corticosteroids because they did well. Fifteen of the 28 patients (54%) developed
a recurrence after 1 year. Biopsies of the macroscopically unaffected middle and
inferior turbinates from 19 and 21 patients respectively could be evaluated.
Unless the limited number of biopsy donors after 1 year, which could imply a
certain selection, the percentages of the patients with an IgE-mediated allergy
and/ or CAO weresimilaras in the original group.

From 10 healthy subjects (age 17-45 years, mean age 27 years) biopsies were
taken from the middle and inferior turbinates. These subjects had no IgE-
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Table 1. Clinical data of the patients included in this study.

 

Clinical data

at the time of
surgery.
(46 patients)

Recurrence rate
after 6 months
(Follow-up:
46 patients)

Recurrence rate

after 1 year

(Follow-up:
28 patients)

 

Patients n= 46

Clinical subgroups:

Patients with:

IgE-mediated
allergy

CAG

Elevated blood

eosinophils

CAO + Elevated

35% (16/46)

46% (21/46)

63% (29/46)

81% (17/21)
blood eosinophils

50% (23/46)

63% (10/16)

57% (12/21)

59% (17/29)

59% (10/17)

54% (15/28)

4ug (4/9)

58% (7/12)

60% (9/15)

50% (4/8)

 

After 1 year of follow-up only 28 patients could be evalated.

Table 2. Monoclonal antibodies used in this study.

 

 

Antibody specificity

anti-BMK1i3 pan-eosinophil marker, binds to

Major Basic Protein (MBP) in resting and

activated eosinophils

anti-EGl stains storage and secreted forms of

Eosinophil Cationic Protein (ECP)

anti-EG2 stains the secreted form of ECP, hence

it stains activated cosinophils

 

Source: Sanbio, BV-biological products, Uden, The Netherlands.
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mediated allergy nor nasal complaints. They were nonsmokers and had a
normal ear-, nose- and throat examination. None of the subjects had suffered
from a commoncold at least 6 weeks previous to the moment the biopsy was
obtained.

Tissue preparation and Immune reagents

The tissue biopsies were frozen in liquid nitrogen immediately after resection.
Frozen samples were stored at -70°C until used. Cryostat sections of 6-8 pm
were prepared, incubated with mouse monoclonal antibodies (MAB) andstained
as described previously (Stoop et al. 1989). The MAB against human leukocyte
antigens used in this study are listed in Table 2. The antibodies were
appropriately diluted in 0.01M phosphate buffered saline (PBS), pH 7.4,
containing 0.5% BSA, and used in an indirect immunoperoxidase staining. The
conjugate used was horseradish peroxidase labeled rabbit anti-mouse IgG
(Dakopatts, Glostrup, Denmark). This was diluted 1:300 in PBS containing 0.5%
BSA and 1% normal human serum. Tonsil sections were used as positive
controls. Controls for nonspecific staining were incubated with 0.5% BSA in PBS
or with the second stage conjugate only. For routine histologic examination
standard hematoxilin-eosin stainings were performed.

For electron microscopy the biopsies were immediately immersed in 1.5%
glutaraldehyde in 0.1 M Sorensen buffer adjusted to pH 7.6. After 24 hours the
tissue fragments were washed and postfixated in 1% O0,, dehydrated in ethanol
and embedded in Epon. Semi-thin sections were stained with toluidine blue.
These sections were used for selection of areas with eosinophils. The selected
areas were than trimmed for ultramicrotomy. Ultrathin sections were contrasted
with 5% uranyl acetate and lead citrate before examination in a Philips EM.

Evaluation

The sections were coded and evaluated by two persons independently with
conventional light microscopy (x100, x200, x400 oil immersion). The number
of stained cells in the sections was expressed as 0, no positive cells; 1, few
positive cells; 2, moderate number of positive cells; 3, moderate number of

single cells with clusters of positive cells; 4, many positive cells, including cell
clusters. The scores on the cryostat sections were related to the total density of

cells.
The scores were compared intra-individually at different moments and

statistically analysed by means of the exact Wilcoxon's signed rank test or the
McNemar's test. To compare percentages between different clinical subgroups
the Fisher's exact test was used.
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RESULTS

At time of ESS, BMK13+ and EG1+ eosinophils were found in moderate to
large numbers in the polyps (mean scores 2.7 and 2.5 respectively, Fig. 1). The
eosinophils were generally localized in the subepithelium and around the vessels
and glands. Most of the MBK13+ and EG1+ eosinophils were also EG2+ (mean
score 2.1, Fig. 1 and 2), Electron microscopic examination demonstrated that at
time of ESS almost all eosinophils in the polyps were hypodense with small
granules and a smaller granule area than in normodense eosinophils (Fig. 3).
Moreover, partial lucency of the granule matrix, which is an indication for
degranulation of the granules, was a consistent finding in most of the
eosinophils.
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  Fig. 2.

Cryostat sections of a
nasal polyp stained
for EG1+ and EG2+
eosinophils at the time
of ESS. Many EG1+
(A, scored as 4) and
EG2+ (B, scored as 3)
eosinophils are found.
(Original
magnification x200,)

At time of ESS, significantly higher scores of BMK134; EG1+ and EG2+

eosinophils (p< 0.001) were found in the polyps than in the macroscopically

unaffected mucosa of the middle and inferior turbinates of the same patients
(Fig. 1). The lamina propria of the middle turbinates of the patients contained

significantly more BMK13+, EG1+ and EG2+ eosinophils (p< 0.001) than the

inferior turbinates of the same patients. In the lamina propria of the middle and

inferior turbinates of the healthy subjects low to moderate numbers of BMK13+

and EG1+ eosinophils were found (Fig. 4). however, no EG2+ eosinophils were

detected in the mucosa of the middle and inferior turbinates from the healthy

subjects. This difference is highly significant (p< 0.001). Furthermore,

significantly less BMK13+ and EG1+ eosinophils (p< 0.05) were found in the
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Fig. 3.

Morphology of nasal

polyp eosinophils by
electron microscopic
examination (x7200).
Nearly all the eosinophils

“are hypodense with small
* granules and a smaller

granule area than in
normodense eosinophils.
Note the partial lucency
of the granule matrix,
which is a consistent
finding in most of the
eosinophils and is an
indication for
degranulation of the
granules.

middle turbinates of the healthy subjects than in the middle turbinates of the
patients at time of ESS. The scores for BMK13+ and EG1+ eosinophils in the
inferior turbinates of patients and healthy subjects were not different, nor were
the eosinophil scores different between the middle and inferior turbinates of the
healthy subjects.

If polyps recurred after 6 months, lower scores of BMK13+ (p< 0.05),
EG1+ (n.s.) and EG2+ (p< 0.001) eosinophils were found than at time of ESS
(Fig. 1). The scores of BMK134; EGi+ and EG2+ eosinophils in recurrences
after 6 months were still significantly higher (p< 0.05) than in the
macroscopically unaffected mucosa of the middle turbinates of the same
patients. Significantly lower scores of BMK13+; EG1+ and EG2+ eosinophils (p<
0.05) were found in the macroscopically unaffected mucosa of the middle
turbinates after 6 months than at time of ESS, whereas in the mucosa of the
inferior turbinates of the patients only significantly lower scores of EG2+
eosinophils (p< 0.05) were found (Fig.1).

Slightly lower scores (n.s.) of BMK134+ EG1+ and EG2+ eosinophils were
found in the recurrences of polyps after 1 year as compared to polyp tissue
taken after 6 months of follow-up (Fig. 1). The scores of BMK13+, EG1+ and
EG2+ eosinophils in recurrences after 1 year were no more significantly
different from the macroscopically unaffected mucosa of the middle turbinates
of the same patients. In the mucosa of the middle and inferior turbinates, no
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EOSINOPHILIC GRANULOCYTES
HEALTHY SUBJECTS (N=10)
 

Fig 4.

73 Quantification of BMK134, EG1+ and
1.2 EG2+ eosinophils in the lamina propria of

the middle and inferior turbinates of 10
healthy subjects. The histograms represent
the the mean valuesof the scores. No
EG2+ eosinophils are found.
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differences in scores were found after 1 year of follow-up as compared to the

scores after 6 months in the samepatients (Fig.1).

Clinical evaluation revealed a recurrence rate of 50% after 6 months and
54% after 1 year of follow-up (Table 1). At 6 months and 1 year after ESS no
significant differences in scores of BMK134+; EG1+ and EG2+ eosinophils were

found in the polyps or mucosa of the middle and inferior turbinates between
patients with or without a recurrence. When comparing patients with CAO and
patients without CAO, the former had significantly higher scores of EG2+

eosinophils (p< 0.05) in the macroscopically unaffected mucosa of the middle
turbinates and in recurrences of nasal polyps after 1 year. No differences in
recurrence rates were found in patients with or without CAO and/or an IgE-
mediated allergy.

An elevated blood eosinophil count was found in 81% of the patients with
CAO and in 48% of the patients without CAO. The former had significantly
more EG2+ eosinophils in recurrences of polyps after 1 year (p< 0.05) than the
patients with a normal blood eosinophil count. The recurrence rate after 6
months and 1 year was not different between these patients groups.

DISCUSSION

Eosinophils play an important role in chronic inflammatory processes. The
cytoplasmic granules of eosinophils contain strongly basic proteins, like major
basic protein (MBP) and eosinophilic cationic protein (ECP). These toxic
proteins can damage the respiratory mucosa of the upper- and lowerrespiratory

tract (Gleich et al. 1988, Harlin et al. 1988). Moreover, eosinophils may release
mediators like platelet activating factor (PAF) which increases vascular
permeability, is a chemoattractant for eosinophils in the human upper
respiratory tract (Miadonnaet al. 1991) and stimulates the release of leucotriene
C, (LTC,) and MBP by human eosinophils (Shaw et al. 1985, Henocq 1988).
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Because chronic inflammation probably plays an important role in the
developmentof nasal polyps, we studied the effect of ESS and treatment with
topical corticosteroids on the distribution and activation of eosinophils in nasal
polyps and in the macroscopically unaffected mucosa of the middle and inferior
turbinates of patients with nasal polyps and healthy subjects.

The moderate to high infiltration of eosinophils in 77% of the nasal polyps,
and the fact that almost all the eosinophils were activated (EG2+) and
hypodense (on EM examination) is indicative of an active inflammatory process
in the polyps. In addition, significantly more (activated) eosinophils were found
in the polyps than in the macroscopically unaffected mucosa of the midlle and
inferior turbinates of the patients. This indicates that the inflammatory process
is most severe in polyp tissue. Moreover, in the mucosa of the middle turbinates
of the patients significantly more activated eosinophils were found than in the
mucosa of the inferior turbinates of the same patients at the time of ESS. This
suggests that the inflammatory process is more severe in the nasal mucosa of
the middle than the inferior turbinate and could explain why nasal polyps
originate in the viscinity of the ethmoid complex only.

Whereas in the respiratory mucosa of healthy subjects low to moderate
numbers of MBK13+ and EG1+ eosinophils were found, no EG2+ eosinophils
were detected, suggesting that only after activation eosinophils cause
inflammation. Their activation, rather than the high number of eosinophils,
probably plays a role in the inflammatory process which may lead to nasal
pathology (Fukuda & Gleich 1989). The data are in accordance with studies in
which a considerable degree of eosinophilia was found in normal controls
without any nasal symptoms(Pechetal. 1983, Fokkenset al. 1990).

After 6 months of follow-up, the scores of BMK134, EG1+ and of EG2+
eosinophils especially had decreased in the macroscopically unaffected mucosa
of the middle turbinates and in polyp tissue when a recurrence was present.
After 1 year of follow-up, the scores of the activated and nonactivated
eosinophils in recurrences of nasal polyps were even lower than after 6 months.
In addition, no more significantly different scores of eosinophils were found
between recurrencesof nasal polyps and the macroscopically unaffected mucosa

of the middle and inferior turbinates of the same patients after 1 year. This
reduction in numbers of eosinophils in the polyps and nasal mucosa is in
accordance with studies in which an inhibitory effect of corticosteroids on
eosinophil survival was found (Lamaset al. 1990, Wallen et al. 1991), possibly
resulting in a shorter exposure of tissues to eosinophils. Moreover, the reduction
of eosinophils @specially of activated eosinophils) suggests that the severity of
the inflammatory reaction is reduced probably due to the effect of topical
steroids. This may be important to postpone recurrencesof nasal polyps.

Eosinophils and their mediators are involved in asthmatic reactions de
Monchy et al 1985, Bruijnzeel 1989). A significant association between sinus
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mucosa eosinophilia and asthma has been described by Harlin et al. (1988).
There is evidence that eosinophils in asthmatic patients have an increased
ability to release LTC, and granule proteins (ECP) (Taniguchiet al 1985, Schauer
et al. 1989, Carlson et al 1991). Moreover, the number of hypodense blood
eosinophils is increased in patients with atopic asthma as compared to healthy
volunteers (Kloproggeet al. 1989).

Significantly higher scores of EG2+ eosinophils were found after 1 year in
recurrences of nasal polyps and in the macroscopically unaffected mucosa of
the middle turbinates from patients with CAO as compared to patients without
CAO. Moreover, in patients with an elevated blood eosinophil count,
significantly more EG2+ eosinophils were detected in recurrences of polyps
after 1 year than in patients with a normal eosinophilic blood count. This
suggests a more severe inflammatory process in polyps and the nasal mucosa of
patients with CAO and patients with blood eosinophilia. Despite these findings,
no difference in recurrence rate was found between these patients groups. An
explanation could be the relatively short follow-up period of 1 year.

In conclusion, the data presented show that in healthy subjects eosinophils
in the nasal mucosa are not activated, whereas in nasal polyps and in nasal
mucosa of patients with nasal polyps a considerable part of the eosinophils is
activated (EG2+, hypodense). After ESS and treatment with topical
corticosteroids, lower numbersof activated eosinophils are found in nasal polyps

and the mucosa of the middle andinferior turbinates. This reduction is probably
important to postpone or prevent recurrences of nasal polyps after surgery.
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SUMMARY

This study was designed, first, to test a new system for aspiration of human

nasal secretions and, secondly, to evaluate protein and immunoglobulin

concentrations in these secretions at different levels of secretory activity. The

direct aspiration system combines the advantages of minimal irritation of the

mucosa with the facility to determine concentrations per gram ofsecretion. The

total protein and immunoglobulin concentrations were inversely related to the

amount of secretion obtained. Variations in fluid secretion throughout the day

may be responsible for this relationship. The inverse relationship was much

more significant in patients with nasal polyps, in which higher concentrations

were found, than in healthy subjects. Ratios of immunoglobulin to total protein

were independent of the amount of secretion obtained. Compared to the

controls, the ratios of IgM and IgG to protein in the secretions of the patients

were significantly increased. The secretory immunoglobulin A to total protein

ratios were only slightly higherin the patient’s secretions.
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INTRODUCTION

The secretory layer lining the mucosal surfaces in the respiratory tract contains
proteins such as lactoferrin and secretory immunoglobulin A (sIgA). These,
respectively, inhibit bacterial growth and protect the respiratory mucosa from
invasion by micro-organisms. In pathological conditions such as infections or
allergic diseases the composition of nasal secretions can vary considerably
(Bachert et al. 1989). Investigations on nasal secretions have been hampered by
the difficulty of obtaining large enough and representative samples (Holt & Kern
1986). Using the nasal lavage method an unknown dilution factor is introduced
and, consequently, the immunoglobulin levels can only be expressed relative to
the protein concentrations (Salvaggio et al. 1973, Hobday et al. 1971). Nasal

secretions have also been collected by absorption ontofilter paper (Mygind &
Wihl 1976) or by aspiration after stimulation with cellulose sponges (Holt &
Kern 1986). In both these methods the mucosais irritated considerably and the
samples obtained may not be representative. We have developed a direct
aspiration method which induces minimal stimulation of the nasal mucosa. The
samples collected by this method are diluted but the dilution factor can be
determined, thus enabling the measurement of absolute concentrations. The
system was evaluated by the assay of protein and immunoglobulin
concentrations in nasal secretions of healthy individuals and patients with nasal

polyps.

MATERIALS and METHODS

Patients and samples

Seventeen patients with nasal polyps (7 men and 10 women; aged 17-68 years)
and 18 healthy individuals (9 men and 9 women; aged 20-52 years) were
included in this study. The latter had no history of IgE mediated allergy or other
nasal complaints, nor were abnormalities detected by routine ear- nose- and
throat examination. Four of the patients had an IgE-mediated allergy as
confirmed by specific IgE radio-immuno sorbent assay (RAST) and/orpositive
skin test. Chronic airway obstruction (CAO; asthma, bronchitis) was diagnosed
in three other patients. The nasal secretions were obtained from the patients
prior to surgical removal of polyps. The samples were collected by repeated
aspiration from the middle meatus and from the floor of both nasalcavities, into
a preweighed sampling tube. Secretions were sampled between 0930h and 1500h.
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The aspiration system

Nasal secretions were collected with an aspiration system which was developed
in-house (Fig. 1), consisting of a metal cap (a) with a metal aspiration tube (0).
The cap contains O-rings © to permit the leakage-free fitting on a standard
disposable collection tube @). This tube ( diameter 9.1 mm, height 70 mm) can

be replaced easily. The cap is to be connected to a vacuum pump by two
adaptors ) and standard plastic tubing (f; inner diameter 4 mm) and the

replaceble metalaspiration tube (inner diameter 0,5 mm) fits closely into a hole
in the cap. Its internal diameter is small enough to prevent loss of secretion but

large enough to allow aspiration of the more viscoussecretions. Thetotal length
of the aspiration tube is 132 mm. The 42 mm length within the collection tube
prevents suction of the sample directly into the pump. For easy manipulation,

the aspiration tube has a length of 80 mm outside the collection tube and has

been constructed with an angle of 45. This part of the aspiration tube is

siliconized on the outside to diminish irritation or damage of the nasal

mucosa. Both cap and aspiration tube can be cleaned andsterilized.

The secretions remaining in the aspiration tube after sampling are washed

into the collection tube by aspiration of a known aliquot (0.5 mL) of phosphate

buffered saline (PBS). The amount of secretion sampled was determined by

weighing the collection tube and the tube with the aliquot of PBS before and

after sampling. Collection of secretion with this method was well tolerated by

the patients. The samples were cooled on ice immediately after sampling, then

mixed on a Vortex mixer, centrifuged at 120 x g and 1500 x g and 4°C to remove

any cells and cell debris. The samples were stored at -20°C untill analysed.

 Fig. 1.
The aspiration system.
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Immunoglobulin and protein analyses

Total protein was determined by the bicinchoninic acid (BCA) method (Pierce,
Chemical Company, Rockford, USA). The slgA and IgM concentrations were
measured by enzymelinked immunosorbent assays (ELISA). For secretory IgA
(slgA) measurements microtiter plates (Greiner, Frickenhausen, Germany) were
coated with 200 pl of purified monoclonal anti-secretory component antibodies
(mab H 194.4.1; Haaijman et al. 1986) at 2 pg/ml and subsequently incubated
with serial dilutions of the samples or with slgA standard solutions. Bound sIgA
was detected by incubation with appropriately diluted monoclonal anti-IgA (mab
Hisa 43; Biewenga et al. 1986), then with horse-radish peroxidase (HRP)-
conjugated goat anti-mouse IgG (Cappel, Cochranville, USA) and by staining
with O-phenylene-diamine-dihydrochloride (Abbott Laboratories, Diagnostics
Div., North Chicago, USA). The plates were washed between the incubation
steps. ;

In the IgM-ELISA (van Kamp & Wolters 1989) 220 pl 1:1000 diluted swine
anti-human IgM antibodies (Orion Diagnostica, Esporo, Finland) were used to
coat microtiter plates. IgM bound from standards and samples was detected
using HRP-conjugated rabbit anti-human IgM antibodies (Dakopatts,
Copenhagen, Denmark). The staining method was as described above. IgG was
measured using low-concentration radial immunodiffusion plates with
appropriate standard solutions (Behringwerke, Marburg, Germany) according to
the instructions. Protein and immunoglobulin concentrations were expressed as
the mean of duplicate analyses.

Statistical methods

The dependency of protein, IgM, IgG and sIgA concentrations on the weight of
secretion for both the control and patient’s group was investigated by the
multiple linear regression method. For each variable the null hypothesis of
parallel regression lines between the two groups was tested first. If this
hypothesis was not rejected, it was assumed that the regression slopes were
equal. However, if the null hypothesis of parallel regression lines wasrejected, a
separate regression slope was estimated for each group.
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RESULTS

The aspiration procedure was tested in a pilot study on nine healthy individuals
and the reliability of the weighing procedure was evaluated. Sampling could be
done in about 1 min with minimal stimulation of the mucosa as judged from
the reaction of the subjects and the fact that only few samples were bloodstained.
Such samples were excluded from the study. The system was used in adults and
in children above 7 years. Because of the fourfold weighing procedure weights
around and below 10 mg became unreliable. Therefore, for statistical purpose in
the present study only samples weighing more than 15 mg were used.

The amount of secretion obtained from the healthy individuals varied
between 11 and 176 mg (median 57.5 mg; n = 18) and from the patients between
8 and 150 mg (median 43.6; n = 17). Fourteen patient and 17 control samples
weighed more than 15 mg and were thus included in thestatistical analysis
(Table 1). It was considered that weight errors introduced by the weighing
procedure would cause higher variation in concentrations of the smaller samples
rather than the larger ones. The concentrations the samples were plotted against
their weights. The resulting figures (Fig. 2) showed an inverse relationship,
which was much weakerin for the healthy subjects than for the polyp patients.

Table 1. Protein, IgM, IgG and sIgA concentrations in nasal secretions
of patients with nasal polyps and healthy individuals.

 

 

 

weigth of —_ concentrations
secretion (mg) protein Igh IgG sigA

mg/g yes ye/s ve/e

patients (n=14) range
18.5-150 6.4-129.4 58.2-1,785 143-27,840 607-9,989

mean 66 40.6 572.6 5,489 3,610
SD 43 35.6 Bah 7,218 3,178

median 55 29.9 329 3,207 2,157

controls {n=17)
range 19.0-176 3.4- 12.9 14.2-157.7 50.7-1,148 179-1,589

mean 73 8.9 57.8 442.6 652.1
sD 4s, 3.7 38.5 316.1 377.8
median 63 9.5 51.6 369.2 507.3
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Fig. 2.
Protein and immunoglobulin concentrations for healthy individuals @pen circles) and patients
with nasal polyps (closed circles). (* protein expressed as mg/g; immunoglobulins as pg/g of
secretion). A: total protein, B: IgM, C: IgG, D: slgA. CAO patients (arrows) and allergic patients
{arrow heads) are indicated. Inserts show the regression lines for the healthy individuals (lower
lines) and patients (upperlines).
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Graphical inspection of the data showed that protein, IgM, IgG and sIgA
depended on weight of secretion, irrespective of weight errors. When comparing
control and patient’s groups after reciprocal transformation, the null hypothesis
of parallel regression had to be rejected for each of the concentrations (p =
0.0114 for protein, p = 0.0114 for IgM, p = 0.0406 for IgG and p < 0.0001 for
slgA). Hence, separate regression slopes were estimated for both groups. The
concentrations of protein, IgM, IgG and sIgA increased in both groups with
decreasing weight of the secretions, however, this phenomenon was more
pronounced for the patients than for the controls. Relative to sample weights, the

nasal secretions of the three CAO patients had very high protein and
immunoglobulin concentrations, whereas these were much lower in the nasal
secretions of three of the fourallergic patients.

When immunoglobulin concentrations were expressed as pg per mgtotal
protein and again plotted against sample weight the null hypothesis of parallel
regression lines was not rejected. Hence, the regression lines for the patients’ and
control groups were compared on the assumption that the regression slopes were
homogeneous. The ratios for slgA to protein were within the range of the
controls except for four patients, one of which was a CAO patient (Table 2). The

Table 2. Immunoglobulin levels in nasal secretions of patients with
nasal polyps and healthy individuals expressed as pg/mg of protein.

 

 

 

 

weight of immunoglobulin to protein ratios for

secretion (mg) IgM IgG sIgA

patients (n=17)
range 8-150 3.3-36.0 12-222 27-262

mean 56 15.8 98 108
sD us 8.5 62 70
median uy 12.8 89 8&5

controls (n=18)
range 11-176 1.7-12.2 5.4-100 22-144

mean 70 6.4 47 77
SD 46 3.3 26 36
median 57 6.6 42 73

significance 1 2 2 2
p 0.0351 0.0002 0.0039 0.15

i

Significance was determined by ( ) the two-sided tail-probability from

2
Wilcoxon's rank-sum test or ( ) by the curve fitting method.
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distance between the fitted lines (Fig. 3) did not deviate significantly from zero
for the slgA measurements (p = 0.15), indicating that the sIgA to protein ratios in
nasal secretion of patients with nasal polyps and healthy individuals do not
differ. However, for the IgM and IgG measurements the distance between the
two fitted lines was significant (p = 0.0002 and p = 0.0039, respectively) and
showed that on an average the IgM measurements were 9.6 pg/mg, and the IgG
measurements 51.8 pg/mgprotein higher for the patients than for the controls.
Two of the three CAO patients showed IgM and IgG to protein values greater
than the highest ratio within the control group. One of the four allergic patients
had an IgG to protein ratio higher than the highest control value and for another
allergic patient this was true for the IgM to protein ratio. The three
immunoglobulins formed 5-20% of the proteins in the nasal secretions of the
controls and 10-36%in the nasal secretions of the patients.
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DISCUSSION

The methods used for sampling of nasal secretions have been recently reviewed
by Holt & Kern (1986). All previous methods have the disadvantages of
collecting diluted samples with an unknowndilution factor and/or stimulation of
the nasal mucosa. Stimulation of the nasal mucosa during samplin with for
examples filter paper (Mygind et al. 1976), cotton swabs (Sasaki et al. 1977) or
cellulose sponges (Holt & Kern 1986) may provide a non-representative sample.
Lavage methods (Salvaggio et al. 1973, Hobday et al. 1971, Holmeset al. 1987)

yield diluted samples with an unknown dilution factor, on which only relative
concentrations can be determined. Our method has the advantage of a short
sampling time with little irritation, resulting in minimal stimulation of the
mucosa. In addition, although obtaining diluted samples, we are able to
determine the dilution factors. Our method is only limited in cases in which the
nasal cavity contains very little secretion. The method has already been used
without major problemsfor the collecting of over 100 samples.

The present study showed an inverse relationship between the amount of
secretion present in the nasal cavity and the protein and immunoglobulin
concentrations in these secretions (Fig. 2). Simple” mean or median values (as
shown in Table 1) cannot be used to compare patients’ with controls because of
the dependency on the amount of secretion. Therefore, the method of multiple
linear regression was used and this showed that the dependency of concentration
on sample weight differed for protein and immunoglobulins between patient and
control groups. Furthermore, a strong increase in protein and immunoglobulin
concentrations was found with decreasing sample weight for the samples of
patients with nasal polyps. The exact difference in protein and immunoglobulin
concentrations per gram of nasal secretion between the patients and the healthy
subjects has to be determined in larger groups because of the unequal regression
slopes.

Mygind & Thomsen (1976) found diurnal variations in nasal protein and
immunoglobulin concentrations. Since our samples were collected within a few
hours around midday eventual diurnal variations would be small and, therefore,
are not expected to produce the inverse relationship as shown. Besides the above

diurnal variations in protein concentrations, there may be variations in the
amount of secretion produced (Harada et al. 1984). This might well explain the
variations found by Mygind & Thomsen (1976). In this study the slgA
concentrations in nasal secretions of healthy individuals are somewhat lower
than found previously by Harada et al. (1984). This could be due to the use of
different reference preparations. The extremely high IgG and IgM
concentrations in the nasal secretions of the patients are indicative for
considerable leakage of plasma proteins from the tissues in nasal polyposis
(Donovan et al. 1970, Mygind etal. 1975). sigA, which is produced locally, was
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also increased although less than IgG and IgM. Nasal polyps contain much
interstitial fluid and few secretory glands. This may explain the considerable
leakage of IgM and IgG into the nasal secretions, while the slgA concentrations
remain relatively low. Nevertheless, the data suggest increased sIgA production
within the nasal mucosaof the patients.

On account of the simultaneously increase in protein and immunoglobulin
concentrations in the patients’ nasal secretions, the difference between patients’
and control groups is less pronounced when comparing immunoglobulin to
protein ratios. Moreover, the immunoglobulin to protein ratios are independent
of sample weights, providing a means of determining the differences between
patients’ and control groups (Table 2). In spite of the high protein content,
control and patients’ groups differ significantly for IgM to protein and IgG to
protein ratios. This again demonstrates the extreme increase in the IgM and IgG
concentrations. The sIgA to protein ratio is not significantly different between
patient and control groups. The high sIgA concentrations are not apparant in this
ratio because of the simultanious high protein concentrations. In polyp
interstitial fluid we found IgG and IgM to protein ratios in the same range as in
the nasal secretions (median values of 15 and 153, respectively; n = 20) and sIlgA
to protein ratios much lower than in the nasal secretions (median value 18, n =
19; data not shown). These findings are in accordance with the above data and
the suggested leakage of proteins from thetissues.

We are presently studying a larger group of patients with nasal polyps to
correlate the protein and immunoglobulin concentrations in nasal secretions
with clinical data. Relative to their weight nasal secretions ofthe allergic patients
had lower protein and immunoglobulin concentrations than those of the patients
with CAO. Whether this is characteristic for these patient groups is under
investigation.

The results of this study lead to the conclusion that analytical data on nasal
secretions should be related to the amount of secretion present in the nasal
cavity to enable detectionof the increased secretion of locally produced proteins
such as sIgA. In adddition, the proposed diurnal variation in nasal protein and
immunoglobulin secretion has to be reconsidered, because it merely may be a
variation in secretion of fluid.
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SUMMARY

Nasal secretions of 26 healthy subjects and 41 patients who were operated upon
for nasal polyps were evaluated. Compared to the healthy subjects, patients had
highly increased concentrations of total protein, albumin, IgM, slgA (all p<
0.001) and IgG (P< 0.05). Treatment with endoscopic sinus surgery and topical
steroids (budesonide) decreased sIlgA within 6 months (P< 0.001) and IgM (Px
0.001) and IgG (P« 0.05) within 1 year. Also IgE levels decreased, but not
significantly. Since protein concentrations may be dependent on amount of
secretion obtained, concentrations were also expressed as relative to total protein
concentration. For patients, albumin, IgM, IgG and slgA to total protein ratios
were higher than in healthy subjects (P< 0.05). Ratios for albumin (P< 0.005),

sIgA (P« 0.001), IgG (ns) and IgM (ns) decreased within 6 months of treatment

and thereafter increased slightly, probably due to a relatively strong decrease of
total protein concentrations. Clinical evaluation revealed that patients with
chronic airway obstruction (CAO) had higher initial slgA levels than those
without CAO (P« 0.001), whereas the recurrence rates of. the polyps were the
samein both groups. Patients with an IgE-mediated allergy had slightly higher
sIgA than those without such condition; the recurrence rate was highest in the
former group (75% vs 48%). The data presented suggest that nasal polyposis is
associated with locally increased sIgA production and increased leakage of IgM
and IgG from the tissues and support the hypothesis that local inflammatory
processesplay a role in the pathogenesis of nasal polyps.
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INTRODUCTION

Immune and inflammatory reactions in the upper respiratory tract are reflected
by the presence of inflammatory cells in the nasal mucosa (Hameleerset al.
1989, 1990, Stoop et al. 1989, 1991) as well as in protein and immunoglobulin
composition of nasal secretions (Bachert et al. 1989). For example,
concentrations of immunoglobulins in nasal secretions are higher in patients
with an IgE-mediated rhinopathy as compared to those with a non-IgE-mediated
rhinopathy (IIlum & Balle 1978, Pulido & Garcia 1983, Swart et al. 1991). In nasal
secretions of patients with nasal polyps considerably increased levels of IgA,
IgG, IgM and IgE are found (Donovan & Johansson 1970, Mygind et al. 1975,
Pulido & Garcia 1983, Biewenga et al. 1991). In these patients the high
immunoglobulin levels in nasal secretions are probably due to leakage of serum
proteins from the polyp tissues, because high concentrations of
immunoglobulinsare also present in the interstitial fluid of nasal polyps (Waller
et al. 1976, Yarumchuk et al. 1991).

Corticosteroids have anti-inflammatory properties. They reduce the
vasopermeability and the influx of inflammatory cells in the respiratory
mucosa (Lundgren et al. 1988, Siegel 1988). Corticosteroids also influence

immunoglobulin levels in human secretions. Wira et al. (1990) found decreased

IgA levels in saliva and vaginal secretions after systemic treatment with
dexamethason, whereas Sdrensen et al. (1976) demonstrated that during
treatment with topical corticosteroids albumin, IgG and IgE concentrations
decreased in nasal secretions of patients with nasal polyps. Unfortunately,
investigations on nasal secretions were hampered by the difficulty of obtaining
large enough and representative samples. With the nasal lavage method (Rossen
et al. 1966, Miadonnaet al. 1983, Raphael et al. 1988) an unknown dilution factor
is introduced and immunoglobulin levels can only be expressed relative to the
protein concentrations. In the direct aspiration method used in this study
absolute concentrations can be measured.

The aim of this study was to investigate the effect of treatment with
endoscopic sinus surgery (ESS) and topical corticosteroids on protein and
immunoglobulin levels in nasal secretions of patients with nasal polyps with or
without associated respiratory pathology.

MATERIAL and METHODS

Patients

Forty one patients (aged 16-72 years, mean age 44 year) operated upon for nasal
polyps by ESS are included in this study. An IgE-mediated allergy for common
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Table 1. Clinical data of the patients.

 

 

% of patients % of patients
per clinical with a recurrence

subgroup at 6 months

Patients (n=41) 56% (23/41)

IgE-mediated allergy 29% (12/41) 75% (9/12)

CAO 46% (19/41) 63% (12/19)

No IgE-mediated 34% (14/41) 43% (6/14)
allergy or CAO

 

inhalation allergens, i. positive skin tests diameter » 2 mm, Phazet, Pharmacia
Diagnostics Uppsala, Sweden) and/ or RAST class >» 2 (0.35 PRU/ ml) was
present in 29% of the patients (Table 1). A chronic airway obstruction (CAO,i.e.
asthma/ bronchitis and/ or emphysema) was present in 46% of the patients.
Serum levels of IgA, IgG and IgM were within the normal ranges: 0.6-4.5 g/l,
6.4-19.2 g/l and 0.4-3.6 g/l, respectively, in all patients. Nasal secretions were
collected from the patients at time of surgery and after a follow-up period of 6
months and 1 year, during which time the patients were treated with topical
corticosteroids (budesonide 400 pgram daily). None of the patients was treated
with corticosteroids preoperatively for at least 2 months. For clinical follow-up
patients underwent a nose endoscopy at 6 months and 1 year. At 6 months 56%

of the patients had developed a recurrence. Because 2 of these patients had no
recurrence after 1 year of follow-up, and 2 patients without recurrence after 6
months had a recurrence after 1 year, the recurrence rate after 1 year was exactly

the sameas at 6 months.

Control nasal secretions were taken from 26 healthy subjects (12 male, 14
female, aged 19-38 years; mean age 25 years). The healthy subjects were
nonsmokers, had no IgE-mediated allergy or CAO, a normal ENT examination
and had had no commoncold forat least 1 month prior to the collection of nasal
secretion.

Nasal secretions

Nasal secretions were collected with the direct aspiration system described
previously (Biewenga et al. 1991). Sample weights were determined from the
weights of the collection tubes before and after sampling and the weights of
added phosphate buffered saline ( 0.1 M phosphate, 0.15 M NaCl, pH 7.4). The
samples were cooled on ice immediately after sampling, then mixed on a Vortex
mixer, centrifuged at 120 x g and 1500 x g at 4° C to remove any cells and cell
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debris subsequently. Samples with more than an occasional erythrocyte in the
cytospin preparations of the first centrifugation step were excluded from the
study, because this could indicate that the mucosa had been injured during
sampling. The samples were then stored at -20° C untill analysed.

Protein and immunoglobulin analyses

Immunoglobulin and protein measurements were described previously (Swart et
al. 1991). In short: Albumin was measured nephelometrically with the Beckman
Array System (Beckman Instruments Inc., Brea, CA, USA). Total protein was
determined by the bicinchoninic acid (BCA) method (Pierce, Chemical

Company, Oud Beierland, NL). IgG concentrations were determined by radial
immunodiffusion on low concentration plates (LC-Partigen IgG, Behringwerke
AG, Marburg, Germany). IgM was measured by enzyme-linked immunosorbent
assays (ELISA) as described before (van Kamp & Wolters 1989). Secretory-IgA
(sIgA) was measured (by ELISA) on microtiter plates coated with goat-anti-

mouse immunoglobulins (CLB, Amsterdam, The Netherlands) and then
incubated with mouse monoclonal anti-secretory component antibodies
(purified H 194-4.1, TNO, Rijswijk, The Netherlands, kindly provided by Dr. J.J.
Haaijman). Bound sIgA was detected by HRP-conjugated rabbit-anti-human IgA
(DAKO,P 216). IgE concentrations were determined with the IgE Fast Test (3M
Diagnostic Systems, Santa Clara, CA, USA), according to the manufacturers

instructions.

Evaluation and Statistics

Concentrations were expressed in mg (for total protein) or in pg (for albumin

and immunoglobulins) per gram of secretion andrelative to total protein as pg/
mg protein. Values were compared using either Wilcoxon’s Rank sum test
(patients v.s. controls) or Wilcoxon’s Sign-Rank test (time of surgery v.s. follow-
up). P-values < 0.05 were consideredsignificant.

RESULTS

The total protein, albumin and immunoglobulin contents of the nasal secretions
are summarized in Table 2 for all patients and healthy subjects. As compared to
healthy subjects, all patients had highly increased concentrations of albumin (P<
0.001), sIgA (P< 0.001), IgG (P« 0.05) and IgM (P< 0.001)at time of surgery. At 6
months after surgery and treatment with topical corticosteroids lower protein
and immunoglobulin concentrations were found in nasal secretions of the
patients, although this decrease was significant only for slgA (P« 0.001). At 6
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months, protein and immunoglobulin concentrations in the patients werestill

significantly higher than in healthy subjects (at least p< 0.05).

After 1 year significantly lower concentrations of albumin, sIgA, IgG and

Table 2. Total protein,

IgM were found than at time of surgery (Table 2). Nevertheless, concentrations

albumin, sIlgA, IgG, IgM and IgE concentrations
in nasal secretions of patients with nasal polyps and healthy controls.

 

 

 

Time of After After Healthy
surgery 6 months 1 year controls

(n=41) (n=41) (n=34) (n=25)

Weight of secretion cae (ns)

Mean value (mg) 67 89 132 46

(range) 11-250 10-296 23-277 11-176

Total protein (ns) {ns}
Mean value (mg/g) 40.6 3257 18.9 10.7

(range) 2.2-190.2 3.0-336 3.5-60.1 3.4-35.7

Albumin {ns} {ps0.05)
Mean value (yg/g) 10298 6698 5383 1757

(range) 58-79905 58-39720 88-33836 309-4804

sIgA (Peo. 001) (Pe0.001)
Mean value (ug/g) 7590 2933 2043 1182

(range) 444-102266 440-8602 166-7340 310-1617

IgG {ns} = (P<O,005)

Mean value (vg/z) 43h6 3186 1884 669

(range) 2-28086 2-21199 7-9516 51-3358

IgM (ns} (PeO,001)
Mean value (ug/g) 541 400 248 100

(range) 3.6-3237.5 5.1-2426.3 7.3-1362.8 14-447

IgE
Mean value (IU/g) 285.2 161.0 133.6 n.d,

(range) <2-2U64 7 £2-1554 .8 €2-1395.5

P values concern differences in concentration during follow-up as
compared to the time of surgery {ns = not significant].

only value, not significantly different between patients and healthy

subjects.
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of albumin (P< 0.001), silgA (P< 0.001) and IgM (P< 0.05) in patients werestill
significantly higher than in healthy subjects. The IgE concentrations were not
statistically evaluated because of undetectable low levels and an extremely wide
range in the patients. No correlation was found between high IgE levels in nasal
secretions and the occurrence of an IgE-mediated allergy. From 6 monthsto 1
year after surgery the concentrations further decreased, however, these decreases
were not significant.

Because protein concentrations may be dependent on the amount of
secretion produced, albumin and immunoglobulin levels were also determined
relative to total protein concentration (Table 3). At time of surgery albumin,
sIgA, IgG and IgM tototal protein ratios were increased as comparedtoratios in
healthy subjects (for all parameters at least P« 0.05 ). In patients the ratios

decreased for albumin (P<0.05) and sIgA (P< 0.001) but not significantly for IgG

and IgM during the first 6 months of treatment. They increased slightly between
6 months and | year so that no significant differences remained with the initial

Table 3. Immunoglobulin levels in nasal secretions of patients with

nasal polyps and healthy controls expressed as wpg/mg of protein.

 

 

 

Time of 6 months 1 year healthy
surgery (n=41) (n=34) controls
(n=41) (n=25)

(P«KO,.05) (ns)

Albumin 212.5 153.4 182.7 111.7

(range) 18-604 3-336 26-709 26-290

me (P<0.001) (ns)

sigé 194.6 107.1 148.0 78.9

(range) 18-735 17-301 4-362 27-170

em (ns) {ns)
IgG 77.0 69.6 77.8" " 52.2

(range) 2-215 2-302 0.2-200 2-107

(ns) (ns)

Igh 12.2 10.5 10.8 7.2

(range) 0,8-36.8 1.0-25.3 2.1+27.5 1.7-15.2

P values concern differences in immunoglobulin to total

protein ratios during follow-up as compared to time of surgery (ns =
not significant}.
on

only values not significantly different between patients and healthy

subjects.
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values. At 6 months, only IgM to total protein ratio was significantly higher
(P< 0.05) when comparing patients with healthy subjects, but at 1 year albumin,
slgA, IgG and IgM to total protein ratios were again significantly higher (Px
0.05) in patients than in healthy subjects. During this time the mean total
protein concentrations had dropped by 40%, whereas sIgA and albumin had
dropped by 30% and 20%, respectively.

Clinical evaluation further showed that patients with and without an IgE-
mediated allergy did not differ with regard to albumin and immunoglobulin
concentrations at any time, except for sIlgA. In the patients with an IgE-
mediated allergy (a=12) the values for slgA/g of secretion were higher (P< 0.05)
than in patients without an IgE-mediated allergy (n=29) after 6 months of
follow-up. In addition, their recurrence rate of 75% (9/12) at 6 months was

higher (not significant) than for patients without an IgE-mediated allergy, which
was 48% (14/29). sIgA concentrations per gram of secretion also differed (P<
0.001) between patients with (n=19) and without CAO (n=22), both at the time of
surgery and after 6 months. At 1 year, also higher concentrations of IgG (P«
0.05) and IgM (P< 0.05) were found in patients with CAO than in patients
without CAO. Patients with CAO had a recurrence rate at 6 months of 63%,
those without CAO of 50% (not significant). At 1 year the recurrence rates of
these patients were the same. No differences in immunoglobulin to total protein
ratios were found between patients with- or without CAO.

With respect to recurrence, higher albumin, IgG and IgM concentrations
(p< 0.05) were found in patients with a recurrence at 6 months (n=23) than in
patients without a recurrence (n=18), but after 1 year of therapy no significant

differences were found between these groups. As compared to healthy subjects,

patients with a recurrence at 6 months (23/41= 56%) had significantly higher
’ sigA, IgG and IgM concentrations (all parametersat least P< 0.05). At 1 year, IgG

concentrations were no longer significantly higher than in healthy subjects.
However, patients without a recurrence differed from healthy subjects only by
significantly higher slgA concentrations at 6 months and 1 year.

Finally, the question remained wether the initial concentration or ratio to
protein of any parameter might be of any predictive value for the development
of recurrences. Therefore, patients who had developed a recurrence at 6 months
were compared to those without a recurrence. Surprisingly, only the initial
albumin concentrations per gram of secretion at time of surgery were higher
(P< 0.05) in the former (n=23) than in the latter group (n=18).
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DISCUSSION

In earlier studies we have demonstrated an inverse relationship between the
amount of secretion present in the nasal cavity and the protein and
immunoglobulin concentrations in these secretions (Biewenga et al. 1991, Swart
et al. 1991). This relationship was especially found for amounts of secretion
below 50 mgin patients and 30 mgin healthy controls. Because in this study the
amounts of the secretions were higher, especially in the patients, concentrations
in nasal secretions of the patients were compared irrespective of the amount of
secretion sampled.

For healthy controls the amountof secretion obtained is generally lower whichis
consistent with relatively high concentrations. Nonetheless, albumin, sIgA, IgG
and IgM concentrations in nasal secretions of patients were significantly higher
than in healthy subjects. This suggests leakage of albumin, IgG and IgM as well
as an increased local production of slgA in nasal polyps and probably also the
surrounding mucosa. This conclusion is supported by the findings that patients
with a recurrence had higher IgG and IgM concentrations than those without a
recurrence, whereas both groups had high sIgA levels as compared to healthy
subjects. These findings are in accordance with previous studies in which higher
levels of albumin (Keith et al. 1991) IgA, IgG and IgM were found in nasal
secretions of patients with nasal polyps than in healthy controls (Pulida &
Garcia 1983). The decrease in total protein, albumin, IgG and IgM
concentrations at 6 months after surgical and medical treatment, is probably due
to a reduction of local inflammatory processes. Concentrations of sIgA had also
decreased significantly at 6 months. This suggests that treatment (surgery and/
or topical corticosteroids) reduce local production of slgA through a direct or
indirect effect on B lymphocytes. After 1 year concentrations of sIgA, IgG and
IgM were significantly lower than at time of surgery, suggesting a remarkable
decrease of local production and of leakage of serum proteins from the tissues.
These findings are in accordance with those of Sdrensenet al. (1976), who found
a decrease of albumin and IgG in nasal secretions of patients with nasal polyps
after treatment with topical corticosteroids.

Differences between patients and healthy subjects were less pronounced
when comparing immunoglobulin to protein ratios. In nasal secretions of the
patients albumin, slgA, IgG and IgM to protein ratios weresignificantly higher
(all P< 0.05) at time of surgery than in healthy subjects. This demonstrates the
increased local production of slgA in the patients andrelatively large leakage of
IgG and IgM from the polyps. Although it is generally accepted that higher
concentrations of IgG are due to an increased permeability of the respiratory
membranes, recent studies indicate that additional local production of IgG may
occur, at least in the lungs (Outet al. 1991).

In patients immunoglobulin to protein ratios were lower at 6 months than
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at time of surgery which was significant for albumin (P< 0.001) and sIgA (P«
0.001) but not significant for IgG and IgM. Furthermore, slgA and IgG to
protein ratios in patients at 6 months were no longer different from ratio’s in

healthy subjects. This ”normalisation” indicates that local production of sIgA
and leakage of IgG and IgM from the tissues had decreased and that the local
inflammatory response is less severe after surgery and treatment with topical
steroids.

Albumin,slgA and IgG to protein ratios increased from 6 monthsto 1 year
and became again significantly higher than in the healthy subjects. This could
be due to the relatively strong decrease in total protein concentration. However,
these shifts can also reflect changes in local immunereactivity. The effect of
topical corticosteroids may be partially extinguished. Because, in the present
study recurrence rates at 1 year were the same as at 6 months, this increase can
not be correlated with recurrences of nasal polyps.

Inflammatory processes like IgE-mediated allergy and CAO probably
induce the local production of slIgA as seen in patients within these clinical
subgroups. Higher concentrations of sIgA at the time of surgery and at 6 months
were found as compared to patients without CAO or an IgE-mediated allergy. In
patients with a recurrence at 6 months, higher concentrations of albumin, IgG
and IgM were found than in patients without a recurrence. These data suggest
more leakage of these proteins from polyps than from the mucosa of the

patients without recurrence.
Because in patients who developed a recurrence after 6 months had only

significantly higher initial albumin concentrations at time of surgery, it is
concluded that concentrations of immunoglobulins before treatment do not
correlate with the rate of recurrence of nasal polyps.

In conclusion, nasal secretions of patients with nasal polyps contain
significantly more albumin, IgG, IgM and slgA than nasal secretions of healthy
subjects. After treatment with surgery and topical corticosteroids for a period of
1 year the concentrations of IgG, IgM and sIgA decrease, at least initially. The
data support the hypothesis that local inflammatory processes play a role in the

pathogenesis of nasal polyps. Initial concentrations of immunoglobulins before
treatment do not correlate with the rate of recurrence of nasal polyps.
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Chapter 7

GENERAL CONCLUSIONS

Nasal polyps are a local phenomenon: they originate nearly always from the
mucosa of the ethmoid sinuses and middle turbinates. Although chronic
inflammatory processes seem to play an important role in the development of

nasal polyps, the exact mechanisms involved are poorly understood.
Inflammatory reactions in the upper respiratory tract are reflected in the
presence of inflammatory cells in the nasal mucosa and the immunoglobulin
composition of nasal secretions.

The aim of this study was to investigate whether local immunological
processes are associated with the development of nasal polyps. Because
corticosteroids can prevent or postpone recurrences of nasal polyps after
surgical treatment, we further studied the effects of treatment with topical
steroids (budesonide 400 pg daily) after endoscopic sinus surgery during a

follow-up period of 6 months and 1 year.

Immunologically active cells in nasal polyps and nasal mucosa

In this thesis we focussed on cells which play an important role in
inflammatory reactions in the nasal mucosa and nasal polyps: Lymphocytes,
which are regulator and effector cells in cellular and humoral immune responses

and associated with inflammatory reactions; eosinophils, which enhance local

inflammatory reactions; and HLA-DR+ cells, which play a role in antigen
presentation. A study of these cells may provide information as to the
development of nasal polyps. Although mast cells may also contribute to
inflammatory processes in nasal polyps and nasal mucosa, evaluation of these
cells was beyond the scope ofthis study.

Lymphocytes

In healthy subjects more CD8+ (T suppressor/ cytotoxic) than CD4+ (T helper/
inducer) cells were found in the mucosa of the middle and inferior turbinates,

but in nasal polyps and in the macroscopically unaffected mucosa of the middle
and inferior turbinates of patients with nasal polyps the predominance of CD8+
cells over CD4+ cells was stronger (chapter 2 and 3). Considering the fact that
nasal polyps are a local phenomenon,it is interesting to note that the numbers
of CD8+ and CD4+ cells in nasal polyps and the macroscopically unaffected
mucosa of the middle turbinates of patients were very similar, whereas smaller
numbers of these lymphocytes are found in the mucosa of the inferior
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turbinates of the patients Chapter 3). Furthermore, in the mucosa of the middle
turbinates of healthy subjects significantly more CD4+ cells were detected than
in the macroscopically unaffected middle turbinates of the patients at time of
surgery. (CD4+ cells can stimulate B lymphocytes to develop into mature
plasmacells. The relatively low number of CD4+ cells in the patients could, on
the one hand, result in an ineffective (insufficient) humoral immuneresponse.
However, in nasal secretions of patients with nasal polyps high concentrations of
immunoglobulins were found (chapter 6A and 6B), which is an indication of an
active humoral immuneresponse. On the other hand, supressor-inducercells are
also CD4+ It is also possible that, because of the low numbers of CD4+ cells,
CD8+ (T suppressor/ cytotoxic) cells are not stimulated adequatly and have no
suppressive effect on the (Chronic) inflammatory response. In both cases the
chronic inflammatory reaction could sustain and consequently induce the
formation of nasal polyps. Although the precise role of CD4+ and CD8+cellsis
still a matter of controversy, the aforementioned data emphasize that local (T)
cell-mediated mechanisms are involved in the pathogenesis of nasal polyps.
Moreover, it is suggested that a change in cellular composition, especially in the
macroscopically unaffected middle turbinates, precedes the development of
nasal polyps.

Six months after surgery and treatment with topical steroids the number of
CD4+ (helper/ inducer) cells had increased, especially in the macroscopically
unaffected mucosa of the middle turbinates of the patients (chapter 4).
Furthermore, the CD8+ : CD4+ cell ratio’s in the mucosa of the patients
approached the ratio’s found in the healthy subjects, mainly due to an increase in
density of CD4+ cells in the mucosa of the patients. It is attractive to suggest
that the increase of CD4+ cells plays a role to prevent or postpone recurrences
of nasal polyps. However, no correlation was found between recurrence rates and
numbers of CD4+ cells, or between recurrences and ratio’s of CD8+:;CD4+

cells. This suggests that besides T cell-mediated mechanisms other, as yet
unknown, processes play a role in the development of nasal polyps. Further
investigations are needed to determine the functional role of lymphocytes in
nasal polyps and in the normal and inflamed nasal mucosa.

Eosinophils

Infiltration of eosinophils is a striking feature in many nasal polyps. Eosinophils
play an important role in chronic inflammatory processes, their inflammatory
products can damage the respiratory mucosa of the upper and lowerrespiratory
tract. Eosinophils probably play an importantrole in the pathogenesis of nasal
polyps.

The finding of significantly more eosinophils in nasal polyps than in the
macroscopically unaffected mucosa of the middle and inferior turbinates of
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patients with nasal polyps, and the fact that almost all the eosinophils were
activated (Chapter 5), indicate that eosinophils contribute to an active local
inflammatory process in nasal polyps. Because low to moderate numbers of,
only non-activated, eosinophils were detected in the nasal mucosa of healthy
subjects, it is suggested that the activation stage rather than the number of
eosinophils is important in the inflammatoryreactions in the nasal mucosa.

The decrease in numberof activated eosinophils in the nasal mucosa of
patients and in polyps recurring after surgery and treatment with topical steroids

(chapter 5), indicates a reduction in local inflammatory reactions. This, again,
emphasizesthe role of activated eosinophils in the pathogenesis of nasal polyps.

The fact that surgery and treatment with topical steroids had an effect on
infiltration and activation stage of eosinophils opens new ways to develop
medication directed to reduce eosinophil activation. Platelet activating factor
(PAF), which is released by eosinophils, mast cells and macrophages, increases
vascular permeability, causes further influx of eosinophils and plays a role in
eosinophil activation. Reduction of eosinophil activation through competitive
binding of PAF could be a step forwards in the treatment of nasal polyps.

HLA-DR+ ceils

HLA-DR+cells, which play a role in presentation of antigens, were abundantly
presentin the stroma and epithelium of nasal polyps and in the macroscopically
unaffected middle turbinates, whereas significantly less HLA-DR+ cells were
found in the inferior turbinates of the patients Chapter 2 and 3). This suggests
an increased local inflammatory reaction in the viscinity of the ethmoid
complex and the middle turbinate where nasal polyps originate from. After
treatment with surgery and topical steroids, however, no significant changes in
numbers of HLA-DR+ cells were detected Chapter 4). This is in contrast to the

change in numbers of lymphocytes and eosinophils after treatment. The
heterogenity of HLA-DR+ cells (activated T cells, macrophages, dendritic cells,
Langerhans cells and epithelial cells) could be responsible for this striking
feature. Further investigations as to the functional role of these cells in nasal
polyposis are needed.

Immunoglobulins in nasal secretions

‘To get a better insight into the humoral immuneresponsein patients with nasal
polyps, albumin, total protein and immunoglobulin (slgA, IgG, IgM and IgE)
concentrations in nasal secretions from healthy subjects and patients with nasal
polyps were evaluated. An inverse relationship was found between the amount
of secretion present in the nasal cavity and the total protein and
immunoglobulin concentrations in nasal secretions, especially in patients
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(chapter 6A). Because in patients sample weights were considerably higher than
in healthy subjects we also determined immunoglobulin to total protein ratio’s,
these ratio’s being independent of sarnple weights.

The significantly increased amounts of albumin and immunoglobulins
(expressed as pg/g of secretion, as well as pg/ mg of protein) in nasal secretions
obtained from patients at the time of surgery as compared to healthy subjects
(chapter 6A and 6B) suggest an increased leakage and/ or local production of
albumin, slgA, IgG and IgM in nasal polyposis. The decrease of albumin and
immunoglobulins after 6 months of therapy supports the earlier conclusion
(chapter 4 and 5) that local inflammatory reactions have been reduced by
surgery and treatment with topicalsteroids.

After 6 monthsof treatment, slgA and IgG to protein ratios were no longer
significantly different from ratio’s in healthy subjects. This indicates that the
humoral immune response is reduced by the therapy to more or less normal

levels.

Concentrations of albumin and immunoglobulins decreased further
between 6 months and 1 year of treatment, whereas ratio’s of albumin, slgA and

IgG to protein increased and became again significantly higher than in healthy
subjects Chapter 6B). Although the increased ratio’s of albumin, sIgA and IgG
can reflect changes in local immunereactivity, they may also be due to the
relatively strong decrease in total protein concentration between 6 months and 1
year of follow-up. Because recurrence rates of nasal polyps were the same at 1
year as at 6 months, the decrease of total protein concentration could not be
correlated to leakage from polyps. Therelatively strong decrease in total protein
concentration is probably due to the treatment with topical steroids which reduce
leakage of proteins by reduction of vasopermeability. In addition, the further
decrease of immunoglobulin concentrations, and the fact that no higher
recurrence rates were found after 1 year than at 6 months, indicate that 1 year
after surgery treatment with topical steroids still has beneficial effects.
Therefore, we advocate to use topical steroids for at least 1 year after surgery for
nasal polyps. To determine long term effects of topical steroids patients will be
evaluated after 2 years of follow-up.

Clinical Aspects

Clinical evaluation after 6 months and 1 year of follow-up revealed a recurrence
of nasal polyps in 50% and 56%of the patients, respectively (chapter 3). Only
patients with extensive polyposis, in combination with an IgE-mediated allergy,
had a higher risk of a recurrence (82%) at 1 year than the whole group of 72
patients. The IgE-mediated allergy, which normally is associated with an
inflammatory reaction, probably enhances inflammation in the nasal mucosa
and thereby the development of recurrences of nasal polyps. Therefore, it is
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important that an IgE-mediated allergy is treated adequately.

In order to demonstrate the possible relationship between pathology in the
upper- and lower respiratory tract in patients with nasal polyps, we studied
lungfunctions pre- and postoperatively. A better postoperative lungfunction
(Forced Expiratory Volume/ 1 second > 10%), or the use of less medication, was
seen in 63% and 25% of the patients with CAO at 6 months and 1 year after
surgery and treatment with topical steroids (chapter 3). Only 25% and 40% of

these patients had a recurrence at 6 months and | year, respectively, whereas all
the patients with a deteriorated lungfunction had a recurrence at 6 months and 1
year. These differences are indicative of a relationship between disease in the
upper and lower respiratory tract and show that surgery and the use of topical
steroids in the upper respiratory tract also have a beneficial effect on pathology
in the lower respiratory tract. Nevertheless, the exact mechanisms involved in
this relationship remain unclear.

The data presented give evidence that local immunological and inflammatory
processes play an important role in the development of nasal polyps. Surgical
treatment combined with topical steroids give a reduction of the inflammatory
process in the nasal mucosa and of immunoglobulinslevels in nasal secretions.
This may be of importance to postpone or prevent recurrences of nasal polyps.
Furthermore, reduction of inflammatory reactions in the upper respiratory tract
improved the pathology in the lower respiratory tract. The notion that T
lymphocytes and activated eosinophils play a role in the pathogenesis of nasal
polyps, and the fact that surgical treatment combined with topical steroids has
an effect on these cells, opens new ways to develop medication directed at
keypoints in the interaction and activation of T lymphocytes and eosinophils.
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SUMMARY

Although inflammatory processes within the mucosa of the upper respiratory
tract seem to play a role in the etiology and pathogenesis of nasal polyps, the
exact mechanismsinvolved are poorly understood. Nasalpolypsoriginate nearly
always from the mucosa of the ethmoid sinuses and middle turbinates. Chronic
inflammation at these specific sites probably plays an important role in the
developmentof nasal polyps.

The aim of the study was to investigate whether local immunological
processes are associated with the developmentof nasal polyps.

In Chapter 1 a summaryof the current knowledge of cellular and humoral
aspects of nasal polyps and the nasal mucosa is given. Moreover the treatment
of nasal polyps is discussed.

Chapter 2 and chapter 3 describe cell populations detected by

immunohistochemical stainings performed on nasal polyps and biopsy
specimens of the nasal mucosa of the middle and inferior turbinates of patients
with nasal polyps and healthy subjects. Significantly more CD8+ (T suppressor/
cytotoxic) cells than CD4+ (helper/ inducer) cells were found in nasal polyps,
the lamina propria of the middle and inferior turbinates of the patients and in
the inferior turbinates of the healthy subjects. In the middle turbinates of healthy
subjects no significant differences between scores of CD8+ and CD4+ cells
were observed. The numbers of CD4+ and CD8-+cells in nasal polyps were
very similar to the number in the macroscopically unaffected mucosa of the
middle turbinates of the patients, whereas scores in the inferior turbinates were
lower. The middle and inferior turbinates of healthy subjects contained
significantly more CD4+ cells than the middle and inferior turbinates of
patients with nasal polyps. Significantly more HLA-DR+ cells were found in
polyps and the middle turbinates than in the inferior turbinates of the patients.
The possible role of CD44 CD8+ and HLA-DR+ cells in these tissues is
dicussed with regard to the pathogenesis of nasal polyps.

Chapter 4 provides an evaluation of clinical parameters in relation to
histology of biopsy specimens of the mucosa of the middle and inferior
turbinates of patients who were operated upon for nasal polyps. Postoperatively

the patients were treated with topical steroids. After 6 months of follow-up more
CD4-+(helper/ inducer) cells were found than at time of surgery, especially in
the middle turbinates, whereas at 1 year the number of CD4+ cells had
decreased and was lower than at 6 months. This could suggest that the
occurrence of nasal polyps is probably associated with T cell dependent
disturbances. However, no correlation was found between scores of CD4+ cells

and recurrence rates after 6 months and 1 year. Clinical evaluation revealed that
most of the patients (63%) with chronic airway obstruction (CAO) had a better
lungfunction or used less lungmedication postoperatively. It is concluded that
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surgery combined with topical steroids has a positive effect on pathology in the
upper- and lowerrespiratory tract.

Chapter 5 describes the distribution of activated and non-activated
eosinophils in nasal polyps and the nasal mucosa of patients and healthy
subjects. After surgery and treatment with topical steroids a reduction of
eosinophil infiltration and activation in recurrences of nasal polyps and the
nasal mucosa of the patients was found. Moreover, no activated eosinophils were
detected in the nasal mucosa of healthy subjects. Activated eosinophils probably
play a role in the pathogenesis of nasal polyps.

Chapter 6A and 6B provides data on nasal secretions of patients with nasal
polyps and of healthy individuals. Compared to healthy subjects, patients had
highly increased concentrations of total protein, IgM, slgA and IgG. After
surgery and treatment with topical steroids concentrations of IgM,slgA and IgG
decreased significantly. It is suggested that nasal polyposis is associated with a
locally increased production and/ or leakage of IgM, sIgA, and IgG. Treatment
with surgery and topical steroids reduces the production of immunoglobulins to
more or less normallevels.

In Conclusion, the studies in this thesis show that local immunological and
inflammatory processes play a role in the development of nasal polyps.
Furthermore, the reduction of inflammatory reactions after surgery and
treatment with topical steroids improves pathology in the upper- and lower
respiratory tract.
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SAMENVATTING

Algemeen wordt aangenomen dat ontstekingsprocessen in het respiratoire
slijmvlies van de bovenste luchtwegen een belangrijke rol spelen bij de etiologie
en pathogenese van neuspoliepen. De exacte werkingsmechanismen worden

echter nog niet geheel begrepen. Omdat neuspoliepen vrijwel altijd ontstaan uit
het slijmvlies van het ethmoid en de middelste neusschelp spelen locale factoren

waarschijnlijk een rol.
Het doel van de studie was te onderzoeken of lokale immunologische

processen cen rol spelen bij de ontwikkeling van neuspoliepen.
In Hoofdstuk 1 wordt een kort overzicht gegeven over de huidige kennis

van cellulaire en humorale aspecten van neuspoliepn en neusmucosa. Tevens

wordt de behandeling van neuspoliepen besproken.

Hoofdstuk 2 en 3 beschrijven celpopulaties die dmv. immunohisto-
chemische kleuringstechnicken werden gevonden in neuspoliepen en biopten
van het slijmvlies van de middelste en onderste neusschelpen van patienten met
neuspoliepen en gezonde controle personen. Significant meer CD8+ (suppressor/
cytotoxische) cellen dan CD4+ (helper/ inducer) cellen werden gevonden in
neuspoliepen, in de lamina propria van de middelste en onderste neusschelpen
van patienten en in de onderste neusschelpen van gezonde personen. In de
middelste neusschelpen van gezonde personen werden geen significante
verschillen gevonden tussen CD4+ en CD8+cellen. Het aantal CD4+ en CD8+
cellen in neuspoliepen waren vrijwel gelijk aan de aantallen die werden
gevonden in de macroscopisch normaal uitziende middelste neusschelpen van
patienten, terwijl lagere scores werden gevonden in de onderste neusschelpen.
Het slijmvlies van de middelste en onderste neusschelpen van gezonde personen
bevatte significant meer CD4+ cellen dan de middelste en onderste
neusschelpen van patienten met poliepen. In poliepen en het slijmvlies van de
middelste neusschelpen werden significant meer HLA-DR+ cellen gevonden dan
in de onderste neusschelpen van patiente. De mogelijke rol die CD44, CD8+ en
HLA-DR+ cellen spelen met betrekking tot de pathogenese van neuspoliepen
wordt besproken.

Hoofdstuk 4 geeft een evaluatie van klinische parameters in relatie tot de
histologie van neusbiopten van het slijmvlics van de middelste en onderste
neusschelpen van patienten met neuspoliepen tijdens en mna_ operatie.
Postoperatief werden alle patienten behandeld met locale corticosteroiden. Na 6
maanden follow-up werden meer CD4+ cellen gevonden dan op het tijdstip van
de operatie, m.n. in de middelste neusschelpen, terwijl na 1 jaar het aantal CD4+
cellen daalde en lager was dan na 6 maanden.Dit zou een indicatie kunnen zijn
dat het ontstaan van neuspoliepen mogelijk is geassocieerd met T cell
afhankelijke veranderingen. Er werd echter geen correlatie gevonden tussen de
lage aantallen CD4+ cellen en het ontstaan van een recidief na 6 maanden of 1
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jaar. Klinische evaluatie liet zien dat de meeste patienten met CARA (63%)
postoperatief een betere longfunctie hadden of duidelijk minder longmedicatie
gebruikte. Chirurgie, gecombineerd met locale corticosteroiden hebben dus een
positief effect op zowel de bovenste als de onderste luchtwegen.

Hoofdstuk 5 beschrijft de verdeling van geactiveerde en niet-geactiveerde
eosinofiele granulocyten in neuspoliepen en het neusslijmvlies van patienten en
gezonde personen. Na chirurgie en behandeling met locale corticosteroiden
werden in het neusslijmvlies van patienten en in recidief poliepen m.n. minder
geactiveerde eosinofielen gevonden. Verder werden geen  geactiveerde
eosinofielen gezien in het neusslijmvlies van gezonde personen. Geactiveerde
eosinofielen spelen waarschijnlijk een belangrijke rol bij de pathogenese van
neuspoliepen.

Hoofdstuk 6A en 6B verschaffen gegevens betreffende neussecreten van
patienten met neuspoliepen en van gezonde personen. In vergelijking tot
gezonde personen werden bij patienten sterk verhoogde concentraties totaal
proteine, IgM, sIgA en IgG gevonden. Na chirurgie en behandeling met locale
corticosteroiden werden significant lagere concentraties IgM, slgA en IgG
gevonden. Gesuggereerd wordt dat polyposis nasi is geassocieerd met een
verhoogde Iekkage, c.q. locale productie van IgM,sIgA en IgG. Behandeling met
chirurgie en locale corticosteroiden verminderd de productie van
immunoglobulines tot een min of meer normaal niveau.

Concluderend kan worden’ gesteld dat locale ontstekings- en
immunologische processen een rol spelen bij de pathogenese van neuspoliepen.
De vermindering van de inflammatoire reactie in poliepen en de neusmucosa,

na chirurgie en behandeling met locale corticosteroiden, heeft een positief effect

. op zowel de bovenste- als ook op de onderste luchtwegen.
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STELLINGEN
behorende bij het proefschrift

Immunological aspects of nasal polyps

A.B. Stoop

Bij het ontstaan van neuspoliepen spelen locale T cel gemedicerde
mechanismeneenrol.

Vermindering van ontstekingsprocessen in de bovenste luchtwegen wordt
weerspiegeld in klinische verbetering van pathologie in de onderste
luchtwegen bij patienten met CARA.

Bij ontstekingsreacties in het neusslijmvlies speelt niet zozeer het aantal
eosinofielen een rol alswel het activatiestadium van deze cellen.

Het verdient aanbeveling onderzoek te verrichten naar medicijnen die het
platelet activating factor” competatief kunnen binden.

Daling van het absolute aantal CD4+ cellen in HIV-seropositieven is van
prognostisch belang en wordt algemeen gebruikt als parameter voor
interventie met antiretrovirale middelen (AIDS 1991; 5: 43-47).

Gezien de toenemende veroudering van de nederlandse bevolkingis tijdige
signalering van doof- en blindheid van groot belang voor het bepalen van
het beleid ten aanzien van- en de hulpverlening aan ouderen ter
voorkoming van onhoudbaresituaties.

Dromen worden biochemisch bepaald (Harvard Gazette, januari 1992).

Omdat opiaten niet alleen via receptoren in het centraal zenuwstelsel
werken verdient het de voorkeur bij pijnbestrijding deze middelen, indien
mogelijk, locaal toe te dienen.

De ”dubbele” kwalificatie van kaakchirurgen zal in de toekomst wellicht
voor ”drukte aan het hoofd” zorgen.

Erfelijke eigenschappen, levenservaring, karakter en de wijze waarop
irritaties worden verwerkt zijn factoren die het immuunsysteem kunnen
beinvloeden.

Verschillende rassen komenalleen voor bij planten en dieren.

De snelle vooruitgang op het gebied van de genetische manipulatie zal er
toch nooit toe Iciden dat er een echte ”Vlinderdas” ontstaat.


